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Abstract: In 1997–1999, 120 incident and histologically
verified cases of stomach cancer were frequency matched on
age, gender, residence, and urban/rural status with 360 con-
trols to study the role of diet in gastric cancer in Uruguay.
We focused on the role of plant sterols (�-sitosterol,
campesterol, stigmasterol, and total plant sterols) after con-
trolling for major confounders. Total phytosterols were as-
sociated with a strong inverse relationship with stomach
cancer (odds ratio of stomach cancer for total phytosterol
intake in the highest tertile � 0.33, 95% confidence interval
� 0.17–0.65). Joint exposure to high intake of total phy-
tosterol and a-carotene was also inversely associated with
gastric cancer risk (odds ratio � 0.09, 95% confidence inter-
val � 0.02–0.32). High intake of total plant sterols explained
most of the attenuation in risk of gastric cancer associated
with vegetable and fruit intakes.

Introduction

Stomach cancer is the third most frequently occurring
cancer in the Uruguayan population, with age-adjusted inci-
dence rates of 19.3 and 9.3 per 100,000 for men and women,
respectively (1). More importantly, incidence rates in the
northern region of Uruguay are much higher and comparable
to those in many developing countries (34.8 and 29.9 per
100,000 for men and women, respectively) (2).

A diet rich in starch and salt and poor in vegetables and
fruits has been associated with increased risks of stomach
cancer (3–5). Vegetables and fruits are rich in several groups
of micronutrients, particularly carotenoids, vitamin C, flavo-
noids, and phytosterols. The latter compounds (i.e., plant
sterols) have been suggested as anticarcinogenic in experi-
mental studies on colon and prostate cancer (6,7). Phytos-
terols are structurally similar to cholesterol, except they
always contain substitutions at the C-24 position of the
sterol side chain (8). To our knowledge, there are no epide-
miological studies on plant sterols and gastric cancer, mostly

because of the lack of an adequate database. Recently,
Pillow and co-workers (9) published a database on phytoes-
trogens, including information on plant sterols. According to
this database, fruits contribute 36.4% of the total phytosterol
intake in Uruguay, followed by vegetables (15.9%) and tu-
bers (11.3%). Therefore, we considered that a study with de-
tailed information about plant sterols would contribute
important new information about the role of fruits and vege-
tables in protection from cancer. For this reason, we have
conducted a case-control study on plant sterols and gastric
cancer risk.

Subjects and Methods

Between September 1997 and August 1999, a case-
control study on diet and stomach cancer was carried out in
Uruguay. All newly diagnosed and histologically verified
cases with gastric cancer were considered eligible for the
study. One hundred twenty-eight cases of stomach cancer
were diagnosed in the four major hospitals of Montevideo.
Of this initial number, eight patients were too ill, and the in-
terview with them was not possible. Thus 120 patients with
stomach cancer were included in the study (response rate
93.7%).

Controls were selected from the same hospitals as the
cases, over the same time period. A total of 372 patients with
nonneoplastic diseases were considered eligible. From this
initial number, 12 patients refused the interview, leading to a
final number of 360 patients (response rate 96.7%). These
controls were frequency matched to the cases on age (10-yr
intervals), gender, residence (Montevideo and the rest of the
country), and urban/rural status. The diagnostic categories
among controls were eye disorders (95 patients, 26.4%), ab-
dominal hernia (76, 21.1%), acute appendicitis (52, 14.4%),
fractures and injuries (41, 11.4%), skin diseases (38, 10.7%),
varicose veins (24, 6.6%), hydatid cyst (19, 5.3%), and ane-
mia (15, 4.1%).
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Cases and controls were interviewed face-to-face in the
hospitals shortly after admittance by two trained social
workers. The questionnaire included the following sections:
1) sociodemographic characteristics, 2) a complete history
of tobacco smoking, 3) a complete section on alcohol drink-
ing, 4) a complete history of “mate” drinking (a local herb
tea), 5) a complete occupational history, based on job titles,
6) history of cancer in first-degree relatives, and 7) a food
frequency questionnaire on 64 items. Dietary information
was requested from the cases five years before onset of the
gastric symptoms and from controls five years before the in-
terview. Moreover, the consumption of salted meat between
10 and 15 years of age was ascertained and was correlated
with consumption five years before the onset of symptoms.
The Pearson correlation coefficients were 0.49 for cases and
0.44 for controls, suggesting that recall of adolescent diet
was moderately reliable.

The food frequency questionnaire allowed the calculation
of total energy intake and has been previously tested for
reproducibility. According to this study, Pearson correlation
cofficients ranged from 0.30 for calcium to 0.83 for satu-
rated fat.

Food items were recorded as continuous variables by
multiplying the portion size of a middle-aged adult by the
times of consumption (per day, week, or month). Nutrients
were calculated using local food tables (10) and categorized
in tertiles according to the distribution of the sample of con-
trols. In the case of plant sterols, there were no national val-
ues, and we employed the tables developed by Pillow and
co-workers (9). These authors developed a new database on
phytoestrogens, including plant sterols, based on literature
information, including amount per 100 g for each food con-
taining phytosterols. Nutrients were adjusted for total energy
intake by the residuals method (11).

Odds ratios (ORs) were calculated by unconditional lo-
gistic regression, after the terms for frequency matching
(age, gender, residence, and urban/rural status) were in-
cluded in the initial model (12). ORs for each phytosterol
were calculated for gender, and the results showed no heter-
ogeneity. Therefore, all subsequent analyses were calculated
for both genders combined after a term for gender was in-
cluded in the model. Potential confounders were included in
more complex models. Among them, body mass index, fam-
ily history of gastric cancer, and total energy intake were
included in all models. Moreover, the contribution of phy-
tosterols to the effect of vegetable and fruit intake was ad-
dressed in a model that included a term for these food groups
and a term for each plant sterol. All the calculations were
performed with the STATA statistical package (13).

Results

The distribution of cases and controls among sociodem-
ographic and other variables is shown in Table 1. As a result
of the matched design, distribution of age, gender, residence,
and urban/rural status was similar among cases and controls.

Cases were less educated and consumed more energy than
controls.

ORs of stomach cancer for plant sterols are shown in Table
2. �-Sitosterol intake was inversely associated with stomach
cancer risk. The OR for those patients consuming high levels
of �-sitosterol (�56.0 mg/day) compared with subjects in the
lowest tertile (�30.2 mg/day) was 0.34 [95% confidence in-
terval (CI) � 0.15–0.76] after total energy, legume, starch, vi-
tamin C, and �-carotene intakes were controlled. High
campesterol intake showed an OR of 0.90 (95% CI �

0.45–1.82), whereas stigmasterol intake displayed an inverse
association with gastric cancer (OR � 0.51, 95% CI �

0.25–1.06). Finally, high total phytosterol intake (�82.5
mg/day) was associated with an inverse relationship with gas-
tric cancer risk [OR � 0.33, 95% CI � 0.15–0.75, p (for trend)
� 0.01].

ORs of stomach cancer for vegetable intake, after plant
sterols were controlled, are shown in Table 3. Vegetable in-
take was associated with an inverse relationship after total
sterol intake was controlled (OR � 0.77, 95% CI � 0.42–
1.41). This association was substantially minor compared
with that shown by vegetable intake without control for
plant sterols (OR � 0.56, 95% CI � 0.31–0.98).

ORs of gastric cancer for high total fruit intake showed an
inverse association of 0.44 (95% CI � 0.25–0.77; Table 4).
When fruit intake was further adjusted for total sterols, this
association was attenuated (OR � 0.75, 95% CI � 0.38–
1.49). These results suggest that the phytosterol content of
fruits and vegetables may be responsible for the observed ef-
fect. Joint effect of �-sitosterol and �-carotene showed a
strong inverse association with stomach cancer (OR � 0.09,
95% CI � 0.02–0.32). Both micronutrients displayed inde-
pendent effects (Table 5). Because 35.5% of the controls
were afflicted by abdominal hernia and acute appendicitis,
we performed a separate analysis in which we compared
cases with other controls and cases with patients suffering
from gastrointestinal diseases, and the results were similar
(results not shown).

Discussion

According to our results, plant sterols were inversely as-
sociated with risk of stomach cancer. This association was
strong and statistically significant and showed a dose-
response effect [p (for trend) � 0.01]. Moreover, this inverse
association remained after control for vegetables, fruits, le-
gumes, starch, salt, and other nutrients. Previous studies on
gastric cancer and vegetable and fruit intake (main source of
plant sterols) have shown a consistent protective effect ex-
erted by these foods (3,14–20).

Plant sterols have shown an anticarcinogenic effect
against colon and prostate cancer in experimental studies
(7,21–25). To our knowledge, only one epidemiological
study on plant sterols and cancer has been performed. In this
study, Mendilaharsu and co-workers (26) reported an in-
verse association between phytosterols and lung cancer risk.
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It has been suggested that plant sterols could induce de-
creased cell growth and apoptosis through ceramide produc-
tion (21–23). This is a direct effect of the plant sterols in the
sphingomyelin cycle. Also, ergosterol has shown antioxi-
dant properties (27). More specifically, the ergosterol-
containing lipid fraction derived from yeast microsomal
membranes inhibited lipid peroxidation when introduced
into ox brain phospholipid liposomes. Finally, phytosterols
compete with cell receptors in the large bowel, with the re-
sulting decreased absortion of cholesterol (6,28,29). This ap-
pears to be of less importance, since cholesterol has not been
recognized as a risk factor for gastric cancer (5). It is not
possible to exclude the possibility that plant sterols are
markers of other unknown chemicals in vegetables and
fruits. In this sense, these plant foods are extremely rich in
dietary antioxidants and other substances.

The present study has several potential limitations. First,
the possibility of differential reporting bias is difficult to rule
out. We have tried to minimize this important problem by
asking the cases about their diet five years before the onset of
symptoms and the controls about their diet five years before

the interview. Second, recall bias is almost impossible to rule
out, as in all case-control studies. Against this possibility, it
should be mentioned that our study population (cases and
controls) comes mainly from low socioeconomic strata, with
scanty information on the role of diet and stomach cancer.
Also, compared with population-based controls, hospitalized
controls are more similar to cases with regard to recall accu-
racy. As in most studies, errors in the measurements of the
dietary intake are almost certain. Nevertheless, this mis-
classification bias is likely to be nondifferential, leading the
ORs to the null. Therefore, this measurement error is of less
importance when an effect is detected, as happened in our
study. Finally, we were unable to control for Helicobacter
pylori infection, since our patients were not examined with
laboratory techniques for detection of this infection. We tried
to minimize this problem by adjusting for education, since H.
pylori infection is more prevalent among patients with low
incomes. After this adjustment, the results remained unchanged.

On the other hand, the study has several strengths,
namely, the high response rate for cases and controls and the
absence of proxy responses.

142 Nutrition and Cancer 2000

Table 1. Distribution of Cases and Controls by Sociodemographic Characteristics and Selected Risk Factorsa

Variable
Cases

(n � 120)
Controls
(n � 360)

P
Value

Age, yr
30–39 3 (2.5) 9 (2.5)
40–49 5 (4.2) 15 (4.2)
50–59 30 (25.0) 90 (25.0)
60–69 33 (27.5) 99 (27.5)
70–79 42 (35.0) 126 (35.0)
80–89 7 (5.8) 21 (5.8) 1.00

Gender
Male 85 (70.8) 255 (70.8)
Female 35 (29.2) 105 (29.2) 1.00

Residence
Montevideo 70 (58.3) 210 (58.3)
Other counties 50 (41.7) 150 (41.7) 1.00

Urban/rural status
Urban 96 (80.0) 290 (80.6)
Rural 24 (20.0) 70 (19.4) 1.00

Education, yr
0–4 71 (59.2) 177 (49.2)

�5 49 (40.8) 183 (50.8) 0.08
Monthly income, US dollars

�154 47 (39.2) 135 (37.5)
�155 47 (39.2) 122 (33.9)

Unknown 26 (21.7) 103 (28.6) 0.29
Body mass index

�24.1 50 (41.7) 120 (33.3)
24.2–27.2 35 (29.2) 118 (32.8)

�27.3 35 (29.2) 122 (33.9) 0.25
Family history of gastric cancer

No 114 (95.0) 348 (96.7)
Yes 6 (5.0) 12 (3.3) 0.57

Total energy intake
Low 17 (14.2) 120 (33.3)
Medium 43 (35.8) 120 (33.3)
High 60 (50.0) 120 (33.3) �0.001

a: Values in parentheses are percentages.



In summary, the present study is the first to show an in-
verse association between phytosterols, more specifically �-
sitosterol and stigmasterol, and stomach cancer risk. The re-
lationship remains after control for other antioxidants, such
as vitamin C. This inverse association can be interpreted to
suggest a protective effect of phytosterols against stomach
cancer. This effect of plant sterols could have a major public
health impact in a disease such as gastric cancer, which pre-
sents a high incidence and a poor prognosis.

Acknowledgments and Notes

Address reprint requests to Dr. Eduardo De Stefani, Registro Nacional
de Cáncer, Avda. Brasil 3080 dep. 402, Montevideo, Uruguay.

Submitted 18 October 1999; accepted in final form 2 March 2000.

References

1. Parkin, DM, Whelan, SL, Ferlay, J, Raymond, L, and Young, J: Can-
cer Incidence in Five Continents. Lyon, France: Int Agency Res Can-
cer, 1997, vol VII. (IARC Sci Publ 143)

2. Vassallo, JA, De Stefani, E, Barrios, E, and Ronco, A: Incidencia del
cancer en Uruguay, 1991. Montevideo: Barreiro & Ramos, 1996.

3. Correa, P, Fontham, E, Pickle, LW, Chen, V, Lin, Y, et al.: Dietary de-
terminants of gastric cancer in South Louisiana inhabitants. JNCI 75,
645–654, 1985.

4. Hill, MJ: Diet and cancer: a review of scientific evidence. Eur J Can-
cer Prev 4 Suppl 2, 3–42, 1995.

5. World Cancer Research Fund: Food, Nutrition and the Prevention of
Cancer: A Global Perspective. Washington, DC: World Cancer Re-
search Fund, 1997.

6. Rao, AV, and Janezic, SA: The role of dietary phytosterols in colon
carcinogenesis. Nutr Cancer 18, 43–52, 1992.

Vol. 37, No. 2 143

Table 2. ORs of Stomach Cancer for Phytosterol Intakea

Phytosterol
Cases/

Controls OR 95% CI

�-Sitosterol, mg/day
�30.1 65/120 1.0

30.2–56.0 39/120 0.71 0.39–1.30
�56.1 16/120 0.34 0.15–0.76

p (for trend) � 0.01
Campesterol, mg/day

�7.1 63/120 1.0
7.2–13.6 30/120 0.72 0.40–1.29

�13.7 27/120 0.90 0.45–1.82
p (for trend) � 0.67

Stigmasterol, mg/day
�5.8 65/120 1.0

5.9–9.1 33/120 0.65 0.37–1.16
�9.2 22/120 0.51 0.25–1.06

p (for trend) � 0.06
Total phytosterols,

mg/day
�45.5 65/120 1.0

45.6–82.5 39/120 0.73 0.40–1.33
�82.6 16/120 0.33 0.15–0.75

p (for trend) � 0.01

a: Adjusted for age, gender, residence, urban/rural status, education, body
mass index, and total energy, legume, starch, vitamin C, and �-caro-
tene intakes. OR, odds ratio; CI, confidence interval.

Table 3. ORs of Stomach Cancer for Vegetable Intake,
After Controlling for Phytosterol Intakea,b

Tertiles

Confounder I II III

None 1.0 1.07 (0.65–1.79) 0.56 (0.31–0.98)
�-Sitosterol 1.0 1.21 (0.71–2.04) 0.79 (0.43–1.44)
Campesterol 1.0 1.17 (0.70–1.96) 0.74 (0.41–1.36)
Stigmasterol 1.0 1.23 (0.73–2.08) 0.83 (0.44–1.54)
Total sterols 1.0 1.21 (0.72–2.06) 0.77 (0.42–1.41)

a: Adjusted for age, gender, residence, urban/rural status, education, body
mass index, and total energy and for each plant sterol.

b: Values in parentheses are 95% CIs.

Table 4. ORs of Stomach Cancer for Fruit Intake, After
Controlling for Plant Sterolsa,b

Tertiles

Confounder I II III

None 1.0 0.73 (0.45–1.19) 0.44 (0.25–0.77)
�-Sitosterol 1.0 0.87 (0.50–1.51) 0.77 (0.39–1.54)
Campesterol 1.0 0.80 (0.46–1.40) 0.62 (0.31–1.21)
Stigmasterol 1.0 0.81 (0.47–1.40) 0.69 (0.35–1.34)
Total sterols 1.0 0.87 (0.50–1.51) 0.75 (0.38–1.49)

a: Adjusted for age, gender, residence, urban/rural status, education, body
mass index, and total energy and for each plant sterol.

b: Values in parentheses are 95% CIs.

Table 5. Joint Effect of Intake of �-Sitosterol and �-Carotene on Gastric Cancer Riska,b

�-Carotene

Low Medium High

�-Sitosterol
Low 1.0c 0.6 (0.2–1.4) 0.4 (0.1–0.9) 1.0d

Medium 0.8 (0.4–1.7) 0.4 (0.2–0.9) 0.2 (0.1–0.5) 0.7 (0.4–1.2)
High 0.4 (0.1–1.0) 0.2 (0.1–0.5) 0.1 (0.02–0.3) 0.3 (0.1–0.6)

1.0d 0.6 (0.4–1.0) 0.3 (0.2–0.6)

a: Adjusted for age, gender, residence, urban/rural status, education, family history, body mass index, and total energy intake and for each other.
b: Values in parentheses are 95% CIs.
c: Reference category for analysis of joint effects.
d: Reference category for analysis of marginal effects.



7. Raicht, F, Cohen, B, Fazzini, E, Sarwai, A, and Takahashi, M: Protec-
tive effect of plant sterols against chemically induced colon tumors in
rats. Cancer Res 46, 405–415, 1980.

8. Ling, WH, and Jones, PJ: Dietary phytosterols: a review of metabo-
lism, benefits and side effects. Life Sci 57, 195–206, 1995.

9. Pillow, PC, Duphorne, CM, Chang, S, Contois, JH, Strom, SS, et al.:
Development of a database for assessing dietary phytoestrogen intake.
Nutr Cancer 33, 3–19, 1999.

10. Mazzei, ME, Puchulu, MR, and Rochaix, MA: Tabla de composicion
química de alimentos. Buenos Aires: CENEXA, 1995. [In Spanish]

11. Willett, WC, and Stampfer, MJ: Total energy intake: implications for
epidemiologic analyses. Am J Epidemiol 124, 17–27, 1986.

12. Breslow, NE, and Day, NE: Statistical Methods in Cancer Research.
The Analysis of Case-Control Studies. Lyon, France: IARC, 1980, vol
I. (IARC Sci Publ 32)

13. STATA: STATA User’s Guide and Reference Manual, release 6. Col-
lege Station, TX, STATA, 1999.

14. Risch, HA, Jain, M, Won Choi, N, Fodor, G, Pfeiffer, CJ, et al.: Dietary
factors and the incidence of cancer of the stomach. Am J Epidemiol
122, 947–959, 1985.

15. Boeing, H, Frentzel-Beyme, R, Berger, M, Berndt, V, Gores, W, et al.:
Case-control study on stomach cancer in Germany. Int J Cancer 47,
858–864, 1991.

16. La Vecchia, C, Negri, E, Decarli, A, D’Avanzo, B, and Franceschi, S:
A case-control study of diet and gastric cancer in Northern Italy. Int J
Cancer 40, 484–489, 1987.

17. La Vecchia, C, Ferraroni, M, D’Avanzo, B, Decarli, A, and
Franceschi, S: Selected micronutrient intake and the risk of gastric can-
cer. Cancer Epidemiol Biomarkers Prev 3, 393–398, 1994.

18. Buiatti, E, Palli, D, Decarli, A, Amadori, D, Avellini, C, et al.: A case-
control study of gastric cancer and diet in Italy. II. Association with nu-
trients. Int J Cancer 45, 896–901, 1990.

19. González, CA, Riboli, E, Badosa, J, Batiste, E, Cardona, T, et al.: Nu-
tritional factors and gastric cancer in Spain. Am J Epidemiol 139,
466–473, 1994.

20. García-Closas, R, González, CA, Agudo, A, and Riboli, E: Intake of
specific carotenoids and flavonoids and the risk of gastric cancer in
Spain. Cancer Causes Control 10, 71–75, 1999.

21. Awad, AB, Chen, Y-C, Fink, CS, and Hennesey, T: �-Sitosterol inhib-
its HT-29 human colon cancer cell growth and alters membrane lipids.
Anticancer Res 16, 2797–2804, 1996.

22. Awad, AB, von Holtz, RL, Cone, JP, Fink, CS, and Chen, Y-C: �-
Sitosterol inhibits the growth of HT-29 human colon cancer cells by
activating the sphingomyelin cycle. Anticancer Res 18, 471–479,
1998.

23. von Holtz, RL, Fink, CS, and Awad, AB: �-Sitosterol activates the
sphingomyelin cycle and induces apoptosis in LNCaP human prostate
cancer cells. Nutr Cancer 32, 8–12, 1998.

24. Nair, P, Turjman, N, Kessie, G, Calkins, B, and Goodman, G: Diet, nu-
trition and metabolism in population at high and low risk for colon can-
cer. Am J Clin Nutr 40, 927–930, 1984.

25. Hirai, K, Shimazu, C, Takezoe, R, and Ozek, Y: Cholesterol, phyto-
sterol and polyunsaturated fatty acid levels in 1982 and 1957 Japanese
diets. J Nutr Sci Vitaminol 32, 363–372, 1986.

26. Mendilaharsu, M, De Stefani, E, Deneo-Pellegrini, H, Carzoglio, J,
and Ronco, A: Phytosterols and risk of lung cancer: a case-control
study in Uruguay. Lung Cancer 21, 37–45, 1998.

27. Wiseman, H, Cannon, M, Arnstein, HR, and Halliwell, B: Enhance-
ment by tamoxifen of the membrane antioxidant action of the yeast
membrane sterol ergosterol: relevance to the antiyeast and anticancer
action of tamoxifen. Biochim Biophys Acta 1181, 201–206, 1993.

28. Ikeda, I, Tanake, K, Sugano, M, Vahouny, G, and Gallo, L: Inhibition
of cholesterol absorption in rats by plant sterols. J Lipid Res 29,
1573–1582, 1988.

29. Ikeda, I, Tanake, K, Sugano, M, Vahouny, G, and Gallo, L: Discrimi-
nation between cholesterol and sitosterol for absorption in rats. J Lipid
Res 29, 1583–1591, 1988.

144 Nutrition and Cancer 2000




