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Abstract
AIM: To examine the relationship between the trends 
in food consumption and gastric cancer morbidity in 
Poland.

METHODS: The study was based on gastric cancer in-
cidence rates and consumption of vegetables, fruit, vita-
min C and salt in Poland between 1960 and 2006. Food 
consumption data were derived from the national food 
balance sheets or household budget surveys. Spearman 
correlation coefficients were used to estimate the rela-
tionship between the variables.

RESULTS: A negative correlation was found between 
vegetables (-0.70 both for men and women; P < 0.0001), 
fruit (-0.65 and -0.66; P  < 0.0001) and vitamin C (-0.75 
and -0.74; P  < 0.0001) consumption and stomach can-
cer incidence rates. The same applied to the availability 

of refrigerators in the household (-0.77 and -0.80; P  < 
0.0001). A decline in these rates could also be linked to 
reduction in salt intake.

CONCLUSION: The decline of gastric cancer inci-
dence probably resulted from increased consumption 
of vegetables, fruit and vitamin C and a decrease in 
salt consumption. 
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INTRODUCTION
Gastric cancer ranks fourth in morbidity and second in 
mortality for malignant cancers worldwide[1]. However, in 
numerous countries, in particular in economically devel-
oped ones, gastric cancer morbidity within the past few 
decades has reduced significantly. Several epidemiological 
studies have shown that this phenomenon is most prob-
ably related to favorable changes in dietary pattern in the 
developed countries, that is, mostly to increased consump-
tion of  fresh fruit and vegetables, and decreased con-
sumption of  salt-preserved food[2] and greater availability 
of  refrigerators[3]. It is assumed that lower gastric cancer 
morbidity rates are also related to lower prevalence of  
Helicobacter pylori (H. pylori) infection, which is considered 
as an essential factor for the development of  a majority 
of  gastric cancers[4,5]. In these countries, prevalence of   
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H. pylori infections affects 20%-40% of  the population. 
Against this background, Poland seems to be a par-

ticular case. Despite the fact that, according to national 
epidemiological studies, the percentage of  people infected 
with H. pylori is unusually high and amounts to 73% of  
the total population and 85%-95% of  those aged > 25 
years[6], in 2006, gastric cancer morbidity rate was twofold 
lower compared to that in 1960[7,8]. 

What was the reason for such a significant decrease in 
morbidity rate, taking such widespread dissemination of  
H. pylori as a major carcinogen into consideration? This 
intriguing phenomenon might be most probably assigned 
to specific changes in dietary pattern, as in the case of  
western countries. 

Data that reflect average food consumption per capita 
in Poland in 1950-2006 show that this period was highly 
diversified with regard to dietary trends[9-11]. In relation to 
the above, the two following periods can be distinguished: 
1950-1989 and 1990-2006. Within the first period, con-
sumption of  products of  animal origin (meat and meat 
products, animal fat, milk and dairy products, butter, fish 
and eggs) as well as sugar and sugar products showed a 
growing trend. At the same time, consumption of  cere-
als and potatoes had decreased. Growth of  vegetable 
consumption had come to an end in the 1950s and 1960s. 
Fruit consumption was low, particularly compared to 
other countries, due to frequent fluctuations in crops and 
limited fruit import, which was insufficient to mitigate the 
effect of  such fluctuations. 

Within the second period, a reversal in these trends 
was noticeable, particularly in relation to consumption 
of  butter and other animal fats, red meat as well as milk 
and dairy products. This period was also characterized by 
a significant increase in fruit consumption and, despite 
no increasing trend, also in relatively high vegetable con-
sumption[9-11].

The above-mentioned favorable phenomena are con-
sidered to have brought about a significant improvement 
in the health situation in Poland. It can be assumed that 
positive changes in diet have influenced the decline in 
overall mortality seen since 1992, and stabilization of  total 
malignant cancer mortality as well as a significant decrease 
in morbidity. 

MATERIALS AND METHODS
Data on gastric cancer incidence rates were derived from 
the National Cancer Registry administered by the Maria 
Skłodowska-Curie Memorial Cancer Center and Institute 
of  Oncology in Warsaw[7,8]. They showed standardized 
gastric cancer incidence rates for men and women cover-
ing individual years between 1960 and 2006, excepting 
1984, 1986, 1997 and 1998, for which no such data were 
available; in the case of  the missing data for 1997-1998, 
the physicians’ strike was the main contributing reason.

The source of  information on the dietary pattern in 
the same time period was the database that was established 
and maintained for several decades by the National Food 
and Nutrition Institute[9-11]. This database covers both 

published and unpublished data derived from the national 
food balance sheets and shows major food quantities avail-
able for consumption per capita/year. They are converted 
into energy and nutrients with the use of  a set of  nutrient 
conversion factors developed at the institute and based 
on the national food composition tables[12]. The resultant 
estimates show energy and nutrient amounts derived from 
food and available for consumption per capita/d. 

In Poland, no data on average consumption of  table 
salt per capita over the long term are available. Such data 
are available only for the period before World War Ⅱ[13]. 
After the war, this practice has not been continued. Data 
on salt consumption re-appeared, however, in 1998. They 
show average monthly consumption of  salt per capita in 
households, which participated in budget surveys, carried 
out on annual basis using a sampling method that allowed 
for generalization of  the results to all households in the 
country[14]; these data were used for the analyses in the 
present study.

The features of  the data on food quantities avail-
able for consumption and the derived estimates of  the 
amounts of  energy and nutrients made them particularly 
useful in the analysis of  the trends over time, and to 
compare them with the trends in the health situation. In 
such a way, they were utilized in the present study. The 
study was focused on identification and measurement of  
the relationship between gastric cancer incidence rates 
and variables related to dietary pattern represented by the 
consumption of  fruit, vegetables, vitamin C and kitchen 
salt. A trend in the equipment of  Polish households with 
refrigerators was taken into consideration also as an im-
portant factor that affected perishable food quality and 
protected against nutrient loss.

Spearman’s rank correlation coefficients (rs) were esti-
mated as a measure of  the relationship between stomach 
cancer incidence rates and selected parameters.

RESULTS
Gastric cancer has a much higher incidence among men 
than women. In a base year of  our analysis, i.e. 1960, the 
standardized rate for men amounted to 25.1/100 000, 
which exceeded twice the incidence rate for women 
(10.4/100 000)[7]. For men, this rate reached a maximum 
level in 1970 and was 38% higher compared to 1960. In 
the same year, the maximum morbidity level was observed 
among women also; the rate was 39% higher than in 1960. 
The following years brought a decline in morbidity, and in 
2006, the rates for men and women were approximately 
two times lower compared to the base year[8].

Due to the fact that gastric cancer is one of  two major 
types of  cancer for which the risk is commonly agreed to 
be modified mainly by food and nutrition[15], correlations 
between morbidity rates and consumption of  certain 
food products and nutrients, which had both a positive 
and negative impact on this type of  cancer, were ana-
lyzed. Due to reliable evidence that diets rich in fruit and 
vegetables protect against gastric cancer, these groups of  
products were analyzed first. 
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At the beginning of  the 1960s, fruit was of  minor 
importance in the average dietary pattern in our country, 
which resulted from low domestic production levels and 
no imports (Figure 1)[10]. In the following years, the role 
of  fruit has been gradually increased due to its greater 
availability. A particular improvement has been observed 
within the past 12 years, i.e. after initiation of  political, 
economic and social transformation, accompanied by an 
increase in domestic fruit production and import[9,11]. Also, 
changes in retail price relations between fruit and other 
food products have stimulated consumer demand for fruit 
and this has had a great impact. 

Spearman’s rank correlation coefficient, which cov-
ered fruit consumption in 1960-2006 and gastric cancer 
morbidity in the same period, showed a high correlation 
between the increase in fruit consumption and decrease in 
morbidity rate (Figure 2).

Vegetables traditionally have been more prominent 
than fruit in the dietary pattern in Poland, which has re-
sulted from their greater availability and, in consequence, 

lower prices. Consumption of  this group of  products, 
similarly to fruit, has been subject to a growing trend, 
and in 2006 was almost 30% higher compared to 1960 
(Figure 3)[9-11].

 Estimate of  the Spearman’s rank correlation coef-
ficient showed a very high correlation between the trend 
in vegetable consumption and gastric cancer morbidity 
(Figure 4). 

Increased consumption of  both food groups resulted 
in the growth of  vitamin C content in the diet, despite a 
reduction in potato consumption: total vitamin C content 
grew from approximate 100 mg/d in 1960 to 124 mg in 
2006, and a rise in the proportion contributed by fruit and 
vegetables was noted (Figure 5)[9-11]. Calculations made for 
the purposes of  this study showed a very high correlation 
between increased vitamin C intake and decreased gastric 
cancer morbidity (Figure 6).

Reliable evidence that confirmed that storing food in 
refrigerators protects against gastric cancer[15-17] has fo-
cused attention on the trend in their availability in Polish 
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Figure 1  Fruit consumption and gastric cancer morbidity in 1960-2006.
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Figure 2  Correlation between fruit consumption and gastric cancer morbidity. Spearman’s rank correlation coefficient (rs) for men: rs = -0.65 (P < 0.001), and for 
women: rs = -0.66 (P < 0.001).
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Figure 3  Vegetables consumption and gastric cancer morbidity in 1960-2006.
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Figure 4  Correlation between vegetable consumption and gastric cancer morbidity. Spearman’s rank correlation coefficient (rs) for men: rs = -0.70 (P < 0.001), 
and for women: rs = -0.70 (P < 0.001).

Figure 5  Vitamin C intake and gastric cancer morbidity in 1960-2006.
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households. This equipment has become popular relatively 
late in our country. In 1960, there were only an average of  
1.8 refrigerators per 100 households, which contrasts with 
western countries (Figure 7). The above situation has also 
related to the availability of  refrigerators in the retail and 
catering trades.

Up to 1970, the number of  refrigerators increased to 
approximate 37 per 100 households, although still only 
about one-third of  the total number of  households. Only 
at the beginning of  the 1980s were > 90% of  households 
equipped with refrigerators.

Estimates made for the purposes of  this study demon-
strated a very high correlation between the equipment of  
households with refrigerators and gastric cancer morbidity 
(Figure 8). 

It has been proven that diets with high salt content have 
an unfavorable effect on gastric cancer. Consumption of  ta-
ble salt in 1929 amounted to 9.9 kg per capita (27 g/d), and 
decreased to 8.4 kg in 1938 (23 g/d). Despite the decrease, 

this amount was still very high, which resulted mainly from 
its common usage as a preserving agent, which in turn, was 
determined by insufficient development of  commercial 
food processing. Slow progress in this area in the early years 
after World War Ⅱ allows us to assume that salt consump-
tion was maintained at the same very high level observed in 
the pre-war period, and then decreased. According to the 
results of  household budget surveys, table salt consump-
tion in 2006 amounted to 0.25 kg/mo per person, that is,  
3 kg/year (8.2 g/d)[14]. This is almost threefold lower com-
pared to consumption in 1938, but the fact that data from 
food balance sheets and budget surveys are not fully com-
parable should be mentioned. Despite this reservation, the 
decrease in salt consumption is unquestionable. 

Data on total sodium chloride consumption, includ-
ing both table salt and salt contained in food products 
(calculated on the basis of  sodium content) showed that 
between 1999 and 2006, this consumption decreased sig-
nificantly (Figure 9). At the same time, similar to previous 
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Figure 6  Correlation between vitamin C intake and gastric cancer morbidity. Spearman’s rank correlation coefficient (rs) for men: rs = -0.75 (P < 0.001), and for 
women rs = -0.74 (P < 0.001).

Figure 7  Equipment of households with refrigerators and gastric cancer morbidity in 1960-2006.
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years, a regular decrease in gastric cancer morbidity has 
been recorded, both for men and women. Calculations 

made for the purposes of  this study demonstrated almost 
full correlation between the analyzed factors (Figure 10).
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Figure 8  Correlation between equipment of households with refrigerators and gastric cancer morbidity. Spearman’s rank correlation coefficient (rs) for men: rs 
= -0.77 (P < 0.001), and for women: rs = -0.80 (P < 0.001).
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DISCUSSION
Our results enabled us to conclude that dietary factors have 
had a significant impact on gastric cancer risk in Poland. 
Their importance was underlined by the very high decrease 
in gastric cancer morbidity rate within the past few deca-
des, despite a significant prevalence of  H. pylori infection 
(73% of  total population and 85-95% of  adults aged > 25 
years)[6] and smoking, which are important, commonly ac-
cepted factors that increase gastric cancer risk. 

Infection with H. pylori (first-class carcinogen) is consi-
dered to be an essential factor for initiation of  a series of  
inflammatory lesions in gastric mucous membrane, from 
chronic superficial inflammation to pre-cancer lesions 
(atrophic inflammation, metaplasia, dysplasia), from which 
gastric cancer may develop[18,19]. Gastric cancer grows as 
a result of  complex interactions between genetic factors, 
virulence of  H. pylori and environmental factors (dietary 
pattern, smoking). Our study shows that nutritional factors 
probably constitute one of  the most important elements in 
these complex interactions. 

For many years vitamin C has been considered as a 
significant factor for decreasing the risk of  gastric can-
cer morbidity. As some studies have demonstrated, high 
concentrations of  this vitamin in gastric juice and gastric 
mucous membrane can establish unfavorable conditions 
for development of  H. pylori in the stomach, and its ad-
ministration in high doses can even lead to eradication 
of  this bacterium[20]. It has been proven that vitamin C 
reduces growth of  bacteria in culture, and the activity of  
urease produced by these bacteria[21]. This enzyme enab-
les H. pylori to survive in the acid environment of  gastric 
juice, because it alkalizes the microenvironment by de-
composition of  urea to ammonium and carbon dioxide. 
However, it should be emphasized that the most impor-
tant mechanism by which vitamin C can reduce the carci-
nogenic effect of  H. pylori infection is destruction of  free 
oxygen radicals that are produced in great amounts during 
infection[22]. They damage the genetic material of  gastric 
epithelial cells, which leads to mutations. 

It can be assumed that increased vitamin C intake re-
duces the deficiency in vitamin C in smokers. Smoking, 
similar to H. pylori infection, results in lower concentration 
of  vitamin C in gastric juice. This decrease is greater in 
smokers infected with H. pylori compared with non-smo-
kers[21]. An increase in consumption of  fruit, vegetables 
and fruit juices could reduce the risk of  gastric cancer de-
velopment in smokers. 

The impact of  vitamin C on the decreased concen-
tration of  N-nitro compounds in the stomach in patients 
with chronic atrophic gastritis might also be significant[23,24]. 
A previous study has proven that vitamin C has the ability 
to slow down the nitrosation process, which results in the 
presence of  nitrosamines in the stomach; compounds that 
have a mutagenic effect and are considered as carcino-
gens[25]. In vitro and in vivo tests have shown that ascorbic 
acid is the strongest inhibitor of  this process[26]. It reacts 
with nitrites to produce nitrogen oxides. It oxidizes itself  
to dehydroascorbic acid, which reduces the nitrosation 
reaction; details of  which remain unknown. In addition, 

ascorbic acid reduces transformation of  nitrates to nitrites, 
which are direct substrates for nitrosamine production. 
The above is of  significant importance in H. pylori infec-
tion, because, in the course of  such infection, there is a 
significant increase in the concentration of  nitrous compo-
unds that are the source for nitrosamine production.

We found a very high correlation between decrease in 
gastric cancer morbidity and increase in dietary vitamin 
C content, which was related to growing consumption 
of  fruit and vegetables. The purpose of  many studies has 
been to examine the association between fruit and veg-
etable consumption and the incidence of  gastric cancer. 
In a prospective study of  Swedish women and men, con-
sumption of  vegetables was inversely associated with risk 
of  gastric cancer after controlling for potential confound-
ers[27]. However, no significant association was observed 
between fruit consumption and gastric cancer risk. In a 
Canadian study that evaluated associations between di-
etary patterns and incident gastric cancer risk, dietary pat-
terns characterized by increased consumption of  fruit and 
vegetables were associated with lower risk[28]. The associa-
tion between vegetables and fruit consumption and gas-
tric cancer risk was investigated in the Japan Public Health 
Center-based Prospective Study[29]. That study suggested 
that vegetable and fruit intake, even in low amounts, was 
associated with a lower risk of  stomach cancer. In con-
trast, a different Japanese study (Japan Collaborative Co-
hort Study) found no association between stomach cancer 
mortality and consumption of  fruit and vegetables[30]. The 
Netherlands Cohort Study found evidence for an inverse 
association between stomach cancer and the consumption 
of  vegetables and fruit, however, it became weaker and 
non-significant in multivariate analysis[31].

The nested case-control EPIC study is one of  the larg-
est prospective analyses of  the association of  nutrition 
with cancer. That study found no association between 
total vegetable intake or specific groups of  vegetables and 
gastric cancer risk, except for the intestinal type, for which 
a negative association was found for total vegetable intake. 
There was no evidence of  any association between fresh 
fruit intake and gastric cancer risk[32]. Within the EPIC co-
hort, dietary vitamin C also showed no significant associa-
tion with gastric cancer risk at any level of  intake[33].

In Poland, decreased salt consumption within the past 
few decades has probably also contributed to the decrease 
in gastric cancer morbidity. High concentrations of  sodium 
chloride in the stomach facilitate damage and inflamma-
tion of  mucous membranes, which leads to development 
of  atrophic lesions, which are pre-cancerous lesions[34]. A 
high-salt diet is considered to alter the viscosity of  the pro-
tective mucous barrier and facilitate exposure to carcinoge-
nic factors such as nitrates. Some information suggests that 
high salt intake in some way facilitates colonization with  
H. pylori[35,36]. However, other studies have suggested that 
high salt intake per se does not promote H. pylori infection[37].

According to the WCRF/AICR report, any effect of  
salt on stomach cancer is principally the result of  regular 
consumption of  salted or salt-preserved food, rather than 
salt as such[15]. Some studies have investigated only salt 
added in cooking or at the table, but this is usually a small 
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proportion of  total salt consumption. The results from 
such studies are liable to produce different conclusions. 
For example in the Netherlands Cohort Study, an inverse 
association was found between stomach cancer and salt 
added to hot meals[38]. 

However many studies have confirmed the associa-
tion between salt and/or salty food intake and the risk 
of  stomach cancer. In a case-control study in Lithuania, 
a higher risk of  gastric cancer was found in subjects who 
added salt to prepared meals or those who liked salty 
food[39]. In a cohort study conducted in a rural area of  Ja-
pan, the frequent intake of  highly salted food remained as 
a significant risk factor for gastric cancer mortality[40].

It is not entirely clear whether high salt intake and  
H. pylori infection are independent or interdependent risk 
factors. In a prospective study of  a Japanese population, 
the effect of  high salt intake on gastric carcinogenesis was 
strong in subjects who had atrophic gastritis and H. pylori 

infection[37]. A study of  67 Chinese rural counties has sug-
gested an interaction between high salt consumption and 
H. pylori infection[41]. The significant correlation between 
H. pylori prevalence and stomach cancer mortality was only 
observed in counties with high levels of  urinary sodium, 
and the significant correlation between urinary sodium 
and stomach cancer mortality only existed in counties 
with high H. pylori prevalence. In a case-control study in 
Korea, subjects with positive H. pylori infection and a high 
salt preference had a 10-fold higher risk of  early gastric 
cancer than those without H. pylori infection and a low salt 
preference[42]. 

In light of  the above-mentioned results, the observed 
decrease in gastric cancer morbidity in Poland could be 
explained by the fact that, in the years when salt con-
sumption was very high, the impact of  H. pylori infection 
on carcinogenesis was significantly higher compared to 
the time in which dietary salt content was lower. Another 
factor that could have influenced the decrease in gastric 
cancer morbidity in Poland could be improvement in food 
storage, which has resulted from better equipment of  ho-
useholds with refrigerators. This method of  food storage 
protects fruit and vegetables against loss of  vitamin C. It 
also prevents growth of  microorganisms that can reduce 
nitrates contained in food products to nitrites. 

The WCRF/AICR report has concluded that there is 
convincing evidence that use of  refrigeration indirectly 
protects against gastric cancer[15]. Some surveys have 
shown a significant association between the use of  refrig-
eration and reduced risk of  gastric cancer. According to a 
case-control study conducted in Northern Italy, 5% of  all 
gastric cancer cases were attributable to less than 30 years 
use of  an electric refrigerator[16]. In a case-control study in 
Germany, the use of  a refrigerator at home for ≥ 30 years 
compared to ≤ 24 years showed an inverse relationship 
with stomach cancer risk[17]. However, in the Netherlands 
Cohort Study, no association was observed for duration 
of  refrigerator use[38]. Similarly, in a Polish case-control 
study, no association was found between stomach cancer 
risk and long-term refrigerator use[43].

To summarize, our study shows that the effect of  
certain nutritional factors (increase in fruit and vegetable 

consumption and related increase in dietary vitamin C and 
decrease in salt consumption) within the past few decades 
could have had a positive preventive impact on gastric 
cancer. The preventive effect probably depends on recog-
nized and well-documented mechanisms reducing the risk 
of  carcinogenesis, and perhaps on still unknown mecha-
nisms. The prevention might also occur in populations 
that are exposed to other, strong, unfavorable environ-
mental factors (carcinogens), such as H. pylori or smoking. 
Our results constitute a crucial argument for aiming to 
improve diet in the population through nutritional educa-
tion, food production and mass catering. 
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