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SUMMARY
The aim of this study was to examine relationship between dietary carbohydrate, glycemic index, glycemic load and gastric cancer risk. This 

hospital based case-control study was conducted in Niš (Serbia) between 2005 and 2006. Subjects (n=102) with histologically confirmed gastric  
cancer and controls (n=204) selected from non-cancer patients were interviewed. The structured questionnaire included information on socio-demo-
graphic and lifestyle habits. Data from dietary habits were based on Food Frequency Questionnaire (FFQ). We found reductions in gastric cancer 
risk for diets high in carbohydrate (OR for highest versus the lowest tertile = 0.07, 95% CI: 0.02–0.23) and mono- and disaccharides (OR=0.03, 
95% CI: 0.01–0.09) and increased risk (OR=4.13, 95% CI:1.73–9.86) for high polysaccharide intake. Total carbohydrate intake (OR=0.17, 95% 
CI: 0.04–0.66) and mono- and disaccharides intake (OR=0.06, 95% CI: 0.02–0.20) was associated with a reduction in gastric cancer risk, while 
polysaccharide intake was associated with an increased risk (OR=4.85, 95% CI: 1.67–14.09) for the diffuse type only. In both histological subtypes, 
there was not significant association between glycemic index, glycemic load and the risk of gastric cancer. Our results suggest that increased intake 
of foods rich in carbohydrate, particularly mono- and disaccharides, as well as reduced consumption of food rich in polysaccharides, may lower the 
risk of diffuse type of gastric cancer. Our data do not support association between glycemic index, glycemic load and the risk of gastric cancer. 
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INTRODUCTION

Worldwide, gastric cancer ranks fourth in incidence and is the 
second leading cause of death from cancer (1).  This relatively 
high death rate is due to the fact that gastric cancer is rarely 
diagnosed early and when it is detected, the cancer is usually 
surgically hard to manage (2).

Dietary factors play a major role in the etiology of gastric 
cancer (3). Diets high in carbohydrate have been hypothesized 
to increase cancer risk by increasing insulin load and the risk of 
hyperinsulinemia. Hyperinsulinemia leads to increased insulin-
like growth factors (IGF) bioavailability. The significant posi-
tive association between levels of serum binding protein IFG-I, 
IGF-II, and IGFBP-3 and gastric cancer risk have been found in 
3 studies (4, 5, 6).

Postprandial and average insulin concentrations are directly 
influenced by the type, amount, and rate of digestion of dietary 
carbohydrates (7). Glycemic index and glycemic load are meas-
ures that allow the carbohydrate content of individual foods to be 
classified according to their postprandial glycemic effects.

The aim of this case control study was to examine the role of 
dietary carbohydrate and the glycemic index or the glycemic load 
in the etiology of gastric cancer.

MATERIALS AND METHODS

The present study is a hospital based case-control study con-
ducted between January 2005 and December 2006 in Niš (Serbia). 
Briefly, 102 patients (58 males, 44 females: median age 67 years, 
range 45–85 y) with histologically confirmed gastric cancer 
(gastric adenocarcinoma) were admitted to the Surgery Clinic of 
University Hospital in Niš (Serbia). These cases represented ap-
proximately 70% of those reported to the National Cancer registry 
in the same period in Nišava District. The confirmed cases were 
defined by Laurén classification (8) into intestinal (n=29), diffuse 
(n=70) and unclassified (n=3).

Age (±3 y) -, gender-, and residence-matched controls were 
204 subjects (116 males, 88 females: median age 66.5 years, range 
45–85) residing in the same geographical area and admitted to the 
same hospital as cases for acute non-neoplastic diseases.  

All interviews were conducted by a physician in a hospital 
setting. The structured questionnaire included personal infor-
mation (name, date and place of birth, gender, education and 
life-style habits (smoking habits, physical activity), personal 
medical history and family history of cancer. A food-frequency 
questionnaire (FFQ) was used to assess subjects’ habitual diet, 
including information on weekly frequency of consumption of 
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specific foods in course of 1 year prior to cancer diagnosis or 
hospital admission (for controls). The FFQ included 98 foods, 
food groups or recipes. All cases and controls in this study were 
recruited on a voluntary basis. 

Values of glycemic index were obtained from international 
tables (9), and expressed as a percentage of the glycemic response 
elicited using glucose as a standard food.

For each subject, average daily glycemic index was calculated 
by summing the products of the carbohydrate content per serving, 
for each food or recipe, multiplied by the number of servings per 
week, and multiplied by its glycemic index, all divided by the total 
amount of available daily carbohydrate intake. A score of the daily 
average glycemic load was computed as the glycemic index but 
without dividing by the total amount of carbohydrates.

Univariate logistic regression was performed to calculate risk 
for gastric cancer for education, physical activity, meals regular-
ity, rapid eating, overeating at each meal, history of diabetes and 
history of cancer in the first degree.

Odds ratio (OR) and the corresponding 95% confidence in-
tervals (CI) also were computed by tertile of daily carbohydrate 
intake and glycemic index and glycemic load score, using multi-
variate logistic regression models, controlling for age (continu-
ous), sex (male, female), education (<9 y, >9 y), physical activity 
(yes, no), total energy intake (continuous), meals regularity, rapid 
eating (yes, no), overeating at each meal (yes, no) and history of 
cancer in the first degree (yes, no).

Backward method was performed. Only important controlling 
variables (p<0.1) were included in final models. Tested variables 
(total carbohydrate, mono- and disaccharides, polysaccharides, 
glycemic index and glycemic load) were considered as uncon-
ditional.

Table 1. Comparison of characteristics for education, life style, dietary habits and medical history among study subjects1

Variable Group Cases
(n=102)

Controls
(n=204) OR2 (95% CI)3

Education
(school attendance in years)

0–9 y
>9 y

59
43

101
103 1.40 (0.84–2.33)

Physical activity yes
no

38
64

71
133 1.11 (0.66–1.88)

Tobacco smoking yes
no

38
64

45
159 2.10 (1.61–3.65)*

Alcohol drinking ever drinkers
non-drinkers

70
32

84
120 3.13 (1.84–5.34)*

Irregular meals yes
no

78
24

98
106 3.45 (1.96–6.10)*

Overeating at every meal yes
no

38
64

33
171 3.08 (1.72–5.52)*

Rapid eating yes
no

67
35

99
103 1.99 (1.18–3.36)*

History of cancer in the fi rst degree yes
no

41
61

44
160 2.44 (1.41–4.24)*

Family history of diabetes yes
no

12
90

17
187 1.47 (0.63–3.41)

1Univariate logistic regression analysis
2Odds ratio
3Confi dence interval
*p<0.05

The lowest level of consumption was used as the reference 
category in the estimation, and p-value of less than 0.05 was 
considered statistically significant. Analyses were carried out by 
the SPSS version10.0 software.

RESULTS

In our study cigarette smoking, alcohol consumption, irregular 
meals, rapid eating, overeating at every meal and family history 
of cancer in first-degree relatives were all significant risk factors 
for gastric cancer (Table 1). 

Compared with the lowest level of  intake, a positive association 
with gastric cancer was found for the highest level of total carbo-
hydrate intake (OR=0.07, 95% CI: 0.02–0.23) and mono–and di-
saccharides (OR=0.03, 95% CI: 0.01–0.09). For polysaccharides, 
subjects with the highest intake had a significantly increased risk 
of gastric cancer (OR=4.31, 95%CI: 1.73–9.86). No associations 
were observed for glycemic index, glycemic load and the risk of 
gastric cancer (Table 2).

Logistic regression showed (Table 3) that higher dietary 
carbohydrate intake (OR=0.17, 95% CI: 0.04–0.66) particularly 
mono- and disaccharides (OR=0.06, 95% CI: 0.02–0.20) was 
associated with a reduction in gastric cancer risk for the diffuse 
type only. Polysaccharide intake (OR=4.85, 95% CI: 1.67–14.09) 
was associated with an increased risk of gastric cancer of diffuse 
histological subtype. There was no evidence of increased risk 
for gastric cancer associated with high glycemic load or glyc-
emic index in both – intestinal and diffuse histological subtype 
(Table 3).
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Table 2. Odds ratios of gastric cancer by tertile of daily carbohydrate intake, glycemic index and glycemic load1 (n=102)

Variable
II Tertile III Tertile

p
OR2 (CI 95%)3 OR (CI 95%)

Total carbohydrate 0.40 (0.19–0.88) 0.07 (0.02–0.23) 0.000*

Mono- and disaccharides 0.26 (0.11–0.59) 0.03 (0.01–0.09) 0.000*

Polysaccharides 2.05 (0.89–4.70) 4.13 (1.73–9.86) 0.001*

Glycemic index 1.14 (0.47–2.76) 0.39 (0.14–1.15) 0.393

Glycemic load 0.89 (0.38–2.16) 1.28 (0.44–3.76) 0.652
1Multivariate models included: age, sex, residence, education, physical activity, total energy intake, meals regularity, rapid eating, overeating at each meal, and history of 
cancer in the fi rst degree
2Odds ratio
3Confi dence interval
* p<0.05

DISCUSSION

In our study, high intake of carbohydrates was associated with a 
statistically significant reduction in the risk of gastric cancer. Most 
previous studies did not observe association between dietary carbo-
hydrate intake and gastric cancer (10–14) whereas other studies have 
suggested positive (15–18) or inverse (19, 20, 21) associations. 

One possible explanation of these results is that dietary and 
non-dietary risk factors were not adequately controlled. In our 
study, many known but also suspected risk factors for gastric 
cancer including physical activity, irregular meals, speed eating, 
overeating at each meals were scrutinized. Physical activity may 

reduce cancer risk by reducing circulating concentrations of 

insulin and insulin-like growth factors (22). Regular eating also 
has beneficial effects on postprandial insulin profiles (23). The 

Table 3. Odds ratios of intestinal and diffuse type of gastric cancer by tertile of daily carbohydrate intake, glycemic index and 
glycemic load1

Variable
Intestinal type (n=29) Diffuse type (n=70)

OR2 (CI 95%)3 p OR (CI 95%) p

Total carbohydrate
II tertile
III tertile

6.89 (1.28–22.94)
7.02 (0.95–31.98)

0.032*
0.056

4.67 (0.18–1.20)
0.17 (0.04–0.66)

0.113
0.011*

Mono–and disaccharides
II tertile
III tertile

0.30 (0.06–1.45)
0.18 (0.11–1.25)

0.135
0.202

0.22 (0.86–0.59)
0.06 (0.02–0.20)

0.002*
0.000*

Polysaccharides
II tertile
III tertile

2.95 (0.55–15.93)
4.10 (0.97–25.26)

0.208
0.068

1.70 (0.62–4.66)
4.85 (1.67–14.09)

0.305
0.004*

Glycemic index
II tertile
III tertile

1.63 (0.32–8.43)
1.19 (0.02–1.66)

0.558
0.134

1.08 (0.40–2.89)
0.37 (0.12–1.20)

0.877
0.097

Glycemic load
II tertile
III tertile

1.76 (0.32–9.57)
2.64 (0.32–22.32)

0.513
0.369

0.73 (0.28–1.89)
0.94 (0.29–3.30)

0.517
0.912

1Multivariate models included: age, sex, residence, education, physical activity, total energy intake, meals regularity, rapid eating, overeating at each meal, and history 
of cancer in the fi rst degree
2Odds ratio
3Confi dence interval
*p<0.05

available scientific evidence indicates that increased risks for 
gastric cancer were associated with irregular meals (24, 25, 26), 
rapid eating (24, 25, 26) and binge eating (26).

Also, carbohydrate quality rather than quantity of intake may 
be important in gastric cancer risk. 

Investigators in Belgium (27) and France (28) have reported 
positive association with dietary intake of mono- and disaccha-
rides and risk of gastric cancer. In a study conducted in USA, it 
was observed that dietary carbohydrate was protective factor for 
diffuse type of gastric cancer (29). In our study gastric cancer risk 
was decreased with diets rich in mono- and disaccharides, but 
showed increase in case of high intake of polysaccharides – only 
for diffuse histological subtype. 

Worldwide the gastric cancer incidence rates  have been 
declining (1) but incidence of diffuse histological subtype has 
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been increasing (30). This is the reason why the knowledge of 
risk factors for the development of this type of gastric carcinoma 
is of outmost importance.

The relation of glycemic index and glycemic load to gastric 
cancer risk was investigated in only two large prospective cohorts 
(Italy and Sweden).

In the study conducted in Italy (31) diets with high glycemic load 
were associated with increased risk of gastric cancer. Significant 
associations between carbohydrate intake, glycemic index and 
glycemic load with gastric cancer risk were not observed in the 
population based Swedish Mammography Cohort (10). One of the 
possible explanations for inconsistent results may be the different 
type of carbohydrates used in the two different population (Italian 
and Sweden), as well as methodological biases. Also the genotype 
for insulin resistance may differ between ethnic groups (32). Glyc-
emic index and glycemic load values presented in International table 
were determined for only a limited number of foods (9).

In our investigation, when analyzed separately by histological 
subtype, glycemic index and glycemic load were not associated 
with increased risk of gastric cancer. 

Our study had certain limitations. This study had a relatively 
small sample size. The small sample size (especially for persons 
with intestinal type of gastric cancer) and many confounding fac-
tors in study may have somewhat limited our ability to estimate 
the association more precisely. We did not obtain information on 
Helicobacter pylori infection. H. pylori infection is associated 
with an increased risk of  gastric cancer (33, 34).

Our results do not support an association between diets high 
in carbohydrate, glycemic index or glycemic load and gastric 
cancer. Increased intake of foods rich in carbohydrate particularly 
mono- and disaccharides as well as reduced consumption of food 
rich in polysaccharide may lower the risk of diffuse type of gas-
tric cancer. To make a clear conclusion regarding the association 
between glycemic index and glycemic load and gastric cancer 
risk intervention or experimental study is needed.
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