
Stomach cancer in Spain

Stomach cancer mortality in Spain: an ecological analysis of
diet, altitude, latitude, and income

Jesiis Vloque, Cayetano Merino Egea, Miquel Porta

The decline over the past decade in the in-
cidence and mortality from stomach cancer has
been documented in numerous studies carried
out in different parts of the world. Stomach
cancer, however, still causes a high number of
deaths in Spain.' The geographical distribution
of stomach cancer varies greatly. In general,
it shows a higher incidence in poorer, more
northerly regions, located at higher altitudes.2
Among the different factors that have been
studied in relation to this peculiar distribution,
the diet is considered to play a critical role.

This study was aimed to determine whether
in recent years mortality from stomach cancer
in provinces in Spain was related to the geo-
graphical distribution ofthe income level, mean
altitude and latitude of each province, and the
distribution of suspected dietary risk factors
such as a low intake of fresh fruits and
vegetables.

Risk of gastric cancer in relation to the per capita income, altitude, latitude, and
consumption offruit, vegetables, calories, and vitamins C and A in Spanish provinces
Variable Exposure by Cnude Adjusted x2 trend

quintile RR* (95% CI) RRt (95% CI) (p value)t
Per capita 260-297 1 1
Income 298-314 0 95 (0-92, 0-98) 0 90 (0-86, 0-93)
(OOOs pesetas) 315-337 1-10 (1-06, 1-14) 0-85 (0-81, 0-88)

338-393 0 93 (0 90, 0 96) 0-69 (0-66, 0-72) -23-1
394-468 0-80 (0-79, 093) 0-63 (0-61, 0 66) (p<0001)

Altitude 15-44 1 1
(m) 45-142 1-08 (1-05, 1-11) 0 90 (0-87, 0 93)

143-458 1-15 (1-12, 1 19) 0-98 (0-95, 1-02)
459-691 1-04 (1 00, 1-07) 0 99 (0-96, 1-03) -8-1
692-1131 1-64 (1-58, 1-69) 1-17 (1-12, 1-11) (p<0005)

Latitude <380 1 1
('/min) -39085' 1-14 (1-10, 1-18) 1-30 (1-26, 1-35)

-41042' 1-11 (1-08, 1-15) 1-39 (1-32, 1-45)
-42024' 1-23 (1-19, 1-27) 1-74 (1-66, 1-83) -24-4
-43017' 1-36 (1-32, 1-41) 1-70 (1-62, 1-77) (p<0001)

Fruits 173-263 1 1
(kg/person/d) 264-281 0-98 (0 95, 1-01) 0-97 (0-93, 1 00)

282-292 0-93 (0 90, 0 96) 0 95 (0-92, 0 99)
293-306 0-79 (0-77, 0-81) 0-85 (0-82, 0 88) - 14-69
307-324 0-86 (0-84, 0-89) 0 91 (0-88, 0 95) (p<0 001)

Vegetables 242-311 1 1
(kg/person/d) 312-333 0-73 (0-71, 0 76) 1-01 (0-96, 1-05)

334-393 0-65 (0-63, 067) 0-86 (0-81, 0-91)
394-438 0-64 (0-62, 0-66) 0-86 (0-82, 0 91) -7-28
439-960 0-78 (0-76, 0-81) 0-88 (0-83, 0 93) (p<0 01)

Energy <2928 1 1
(kc/person/d) 2929-3108 1-14 (1-11, 1-17) 1-06 (1-03, 1 10)

3109-3223 1-22 (1-19, 1-26) 1-10 (1-06, 1-14)
3224-3353 1-32 (1-28, 1-36) 1-07 (1-03, 1-12) -3-56
3354-4723 1-41 (1-38, 1-45) 1-06 (1-02, 1-10) (N.S.)

Vitamin C 105-119 1 1
(mg/person/d) 120-127 0-73 (0-71, 0 76) 1-00 (0-96, 1-04)

128-135 0-84 (0-81, 0-87) 0-89 (0-86, 0 93)
136-144 0-66 (0-63, 0 68) 0-85 (0-82, 0-89) -14-69
145-232 0-61 (0 59, 0-63) 0-79 (0-76, 0 82) (p<0 001)

Vitamin A 582-659 1 1
(IU/person/d) 660-696 0-93 (0 90, 0-97) 1-02 (0-97, 1-06)

697-730 0-78 (0-76, 0-81) 1 11 (1-06, 1-16)
731-783 0 73 (0-71, 0-75) 0-94 (0 91, 0 98) -5-86
784-975 0 70 (0-69, 0-72) 0 93 (0-89, 0 96) (p<0 01)

* RR, relative risk. The reference category is the SMR for the first quintile.
t In addition to the variable of interest, each model also included per capita income, latitude and
altitude.
t p value for the X' test with 1 clf; NS = non-significant.

Methods: Stomach cancer data (ICD, 9th re-
vision - 151) between 1981 and 1986 for the
50 Spanish provinces were obtained from re-
gisters of the National Institute for Statistics
(Instituto Nacional de Estadistica). Stand-
ardised mortality ratios (SMR) for every prov-
ince were estimated as the ratio of observed to
expected deaths. Expected numbers of deaths
in each province were obtained by applying age
specific death rates for the whole of Spain to
the corresponding population by age and sex.
Data on variables related to food consumption
were obtained from a large, population based
survey (n= 24000) conducted in 1981. Un-
fortunately, data on salt consumption were not
available from the food survey. Data on altitude,
latitude, and per capita income were obtained
from national statistical sources.

Poisson regression analysis (GLIM computer
program) was used to calculate the effects ofthe
independent variables based on the following
model:

Log X = log N + + RX, + c;

where k is the number of deaths from stomach
cancer reported in each province; N, the num-
ber of expected deaths for each province; the
exponential of P., the SMR of reference, the
lower exposure quintile; and the exponential
of Pi, the effect of the variable of interest.
Univariate and multivariate models were ad-
justed to explore the effects of variables.

Results: The crude effect of each independent
variable is shown in the table. The per capita
income showed a negative association with
mortality from stomach cancer; mortality
among provinces with the highest levels of
income was 20% lower than in provinces with
the lowest levels of income. A positive as-
sociation with altitude was also found, and
latitude was also positively associated with mor-
tality from stomach cancer.
The consumption of fruit and vegetables

was negatively associated with stomach cancer.
Provinces in the upper quintile showed 14%
and 22% reductions respectively in mortality
compared with those in the lowest quintile
of consumption. A positive association was
observed between stomach cancer mortality
and total calory intake. A clear negative (in-
verse) association was also observed between
mortality and the consumption of vitamins A
and C. The association was stronger for the
latter. The SMRs were 39% lower in the prov-
inces that consumed most vitamin C compared
with provinces that consumed least (lowest
quintile).
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To determine whether the relationships ob-
served between stomach cancer mortality and
the non-dietary variables were independent, a
model including altitude, latitude, and per cap-
ita income, and the dietary variables was fitted
(table). Both the negative association between
gastric cancer mortality and per capita income,
and the positive association with latitude ob-
served in the crude analysis were enhanced,
whereas the positive association initially found
with altitude became weaker. The protective
effect of the consumption of fruit and ve-
getables diminished in the multivariate analysis,
although a statistically significant, negative as-
sociation with mortality persisted. The negative
association between consumption of vitamin C
and mortality from stomach cancer observed
in the crude analysis persisted, although some-
what reduced. The effects of calory and vitamin
A consumption were weaker when adjusting
for income, altitude, and latitude.

Discussion: In the present study, data ag-
gregated at the provincial level yielded a neg-
ative association between mortality from
stomach cancer and level of income, con-
sumption of vitamin C, and consumption of
fruit and vegetables. Moreover, a positive as-
sociation between mortality and latitude was
found. Other associations initially observed in
the crude analysis (altitude, calories, and vit-
amin A) were substantially reduced in the mul-
tivariate analyses. These results are unlikely to
have been due to regional variation in re-
gistration efficiency, in spite of the fact that

validity may be compromised in ecological
studies when several SMRs are compared with
each other. The main aim, however, of the
study was not the direct comparison of SMRs
but the estimation of the effect at the provincial
level of the independent variables to see
whether the distribution of the disease could
be partly explained by the distribution of con-
sidered risk factors. In addition, the results
obtained in this study are consistent with those
obtained in other studies,3-5 in particular, the
negative association observed between mor-
tality from stomach cancer and the con-
sumption of vitamin C, fruit, and vegetables.
This study supports previous evidence in-
dicating that recommendations on the con-
sumption of fruit and vegetables will further
speed the reduction in mortality from stomach
cancer.
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