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Abstract

AIM  To explore the relationship between
consumption of fish sauce and the risk of gastric
cancer in Fujian Province.

METHODS An ecological study was carried
out. A total of 11 000 subjects from 55 townships
were randomly selected from 10 counties within
Fujian Province. All subjects were local
residents who had been living in Fujian Province
for more than 20 years, within the age group of
45-74 years. Trained interviewers conducted
face-to-face interviews with a standardized
questionnaire, which covered the frequency and
amount of food intake, dietary habit, tobacco
and alcohol consumption and history of chronic
gastric diseases. Univariate and multivariate
analyses were performed using Epi-info and SAS
statistical packages, respectively.

RESULTS A significant correlation between
monthly consumption of fish sauce and mortality
of gastric cancer was found. Pearson’s
coefficient of correlation was statistically
significant with » =0.7356 for males, r =0.5246
for females (P<0.01). In the multivariate
analysis, consumption of fish sauce still showed
an association with the risk of gastric cancer.
No significant positive correlation between
esophagus cancer, liver cancer, colon cancer
and consumption of fish sauce were observed.
CONCLUSION Long-term intake of fish sauce
may be related to high mortality of gastric
cancer. Consumption of fish sauce might be one
of important and unique etiologic factors of
gastric cancer in Fujian Province. Further
studies are needed to confirm this ecological
study.
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INTRODUCTION

Fujian Province is a high-risk area of gastric cancer
in China¥. The standardized mortalities of gastric
cancer during 1986-1988 were 37-72 per 100 000
for men and 14-90 per 100000 for women,
accounting for 25.31% of total cancer mortality. In
certain areas, the annual incidence of gastric cancer
is more than 50 per 100000 persons?. The hedth
of general population in Fujian Province is most
serioudly threatened by gastric cancer.

A number of potential risk factors for gastric
cancer have been examined in previous studies®.
Among these, the dietary hypotheses are of
particular  interest*®.  N-nitroso compounds
derived from the consumption of preserved food
may be associated with the risk of the disease!®.

In the investigation of dietary factors, we have
reported the relationship between high salt intake
and gastric cancer in the high-risk area of Fujian
Provinced™. The salted food includes fish sauce,
which is particularly favored by Fujian local
residents. Fish sauce is usualy produced from
several kinds of sea fishes after prolonged
fermentation processes. Its mutagenicity has been
reported by several experimental studies!*®?2,
However, there have been few reports from
population-based epidemiological study on the
relationship between fish sauce and risk of gastric
cancer. Therefore, this ecological study was carried
out to explore the relationship between them in the
areaof Fujian Province.

MATERIALS AND METHODS

Study areas, subjects and methods

Gadtric cancer is the most common cancer among
the major types of cancer in Fuji an Province.
However, even within the province the death rate
distribution of gastric cancer varies greatly among
different areas. This ecological study included 55
townships in 10 counties. The retrospective
investigations of death cause, which was a part of a
national program, had been concluded in these
areas.

In reference to the national gastric cancer death
rate of 17.30/100000 (95% confidence interval:
9.15/100 000-25.45/100 000, calculated by Poisson-
normal -approximation method), the death rate amon
these 10 counties can be divided into three groups: 5
High incidence area: Changle, Putian, and Fuzhou; @)
Medium incidence area: Changtai, Huian, Shaxian,
Sanming, Yongding, and Zhangpu; ) Low incidence
area: Fuan (Figurel).
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Figure1 Gastric cancer mortality in 10 counties, Fujian, China,
1991.

A total of 200 subjectsin each town (sampling
spot) were interviewed. The 55 townships were
randomly selected from 10 counties which include
11 000 subjectsin thisstudy.

Sampling spot (per 200 persons)
v
Geographic and economic status
v
Same Different

Simple random sampling Stratified random sampling

Sample 3 villages Three stratums, one village each
v v

'
Sampling subject number based on population distribution ratio
'

Calculation of subject number of each age group over
both genders according to national standardized
population constitution published in 1982
v

Random selection of starting point and direction
to complete door to door investigation

All subjects of this study are loca resident of
more than 20 years, within the age of 45-74 years,
who can clearly answer the questions asked by the
interviewers. Specially trained interviewers
conducted face-to-face interviews according to a
standardized questionnaire, which covers the
frequency and amount of food intake. The
investigations aso include demographic factors,
dietary habit, smoking and acohol consumption,
and history of chroni ¢ gastric diseases.

Statistical analysis

The database was established using Epi-info, and
the gastric cancer mortality for 45-74 age group
was calculated based on world truncated
standardized  population  constitution. The
correlation coefficient and multiple regression
analysiswere carried out using SAS software.

RESULTS

Univariate analysis

The highest Pearson’s correlation coefficient was
found between gastric cancer mortality and average
monthly consumption of uncooked fish sauce.
Similar results were observed for both males and
females, with Pearson’s correlation coefficient for
males of 0.7356 and 0.5246 for females (P<0.01)
(Table 1) . Positive correlation were found between
gastric death rate and fish sauce-related variables
(Fish sauce consumption, population ratio who
consume fish sauce, population ratio who consume
uncooked fish sauce, and uncooked fish sauce
consumption). Further, compared with other
factors, larger Pearson’s correlation coefficients
were observed for all 4 variables (x*-x*) .

Table 1 Correlation analysis between exposure factors and
standardized truncated mortality of gastric cancer (55 townships)

Pearson’s coefficient of correlation

Factors

Male Female
X! Fish sauce average consumption (0.5kg/month) 0.5170° 0.4261*
X2 Population ratio who consume fish sauce 0.3576° 0.2720°
X® Population ratio who consume uncooked fish sauce 0.6904°  0.5086*
X* Uncooked Fish sauice average consumption (0.5kg/month) 0.7356°  0.5246%
X° Salted fermented sea foods average consumption (0.5kg/year) 0.4863*  0.3653°
X® Population ratio of crapulence 0.4887¢  0.3198*
X" Population ratio of taking moldy foods 0.5538° 0.2582
X® Fresh vegetables consumption (0.5kg/year) -0.47422  -0.2307
X°® Fresh meat, fish, egg average consumption (0.5kg/year) 0.4254  0.1298
X Average ratio of coarse food grain to grain ration 0.3900° 0.2107
XY Prevalence of chronic gastric diseases 0.2973* 0.1107
X*? Average index of smoking -0.2158  0.1737
X** Average cumulative alcohol consumption (0.05kg) 0.1703 -0.1942
X* Population ratio of taking irregular dinners 02172 01443
X Average salted vegetables consumption (0.5kg/year) -0.1488 -0.0079
X average salt consumption (0.5kg/month) -0.2455 -0.2160
X" Average fresh fruit consumption (0.5kg/year) 0.0978 -0.0581
X*® Average bean products consumption (0.5kg/year) -0.1475  -0.0422

3P<0.01, "P<0.05.

Smoking index: (amount of smoking/dayxyears of
smoking)/age of sarting smoking.

Gastric cancer mortality for 45-74 age group
was caculated based on world truncated
standardized popul ation congtitution.

Multi-variables analysis

Considering the possible confounding effects among
factors, multivariate regression analyses were
performed on other factors (x°>-x*®) and each of
fish sauce variables (x*-x*) respectively. MAXR
method from REG of SAS package was used. The
optimum subset of variables was established which
also includes fish sauce as one of variables. The
consumption of fish sauce still shows association
with the risk of gastric cancer in analysis after
controlling the possible confounding factors (Tables
2-5). The corresponding multiple correlation
coefficients indicate that the goodness of fit tests
wassgnificant.
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Table 2 The results of multivariate regression analysis on X2,

°-x*® and mortality of gastric cancer for men
XX

sauce consumption were not selected into the model
when analyzing relationship between fish sauce and

Factor B S Standarderror  t P mortality of the other three cancers.
Xt 187.363 9 0.467 8 43.167 4 4.340 0.000 1
X 0.030 6 0.310 5 0.0101 3.018 0.004 1 . .
Xil 861.782 4 0.571 3 241.989 1 3.561 0.000 8 Table 6 Correlation analysis between exposure factors and
X 338.206 0 0.181 9 160.782 6 2.103 0.0407 f i
S 121516 6 0332 9 132587 1 3179  0.002 6 truncate d standardized mortality of esophagus cancer
X8 -0.804 2 -0.612 7 0.2250 -3.574 0.000 8
Male Female
X -2.6339 -0.252 7 1.103 6 -2.387 0.0210 Factors
Source of variation DF  Sumof squares  MeanSquare  Fvaue P Pearson’sr P Pearson’sr P
Regression 7 48028413249 6861201893 47482  0.0001 X -0.2511 0.064 4 -0.307 9 0.0222
Error 48 693599.3209 144499859 X -0.2538 0.0615 -0.364 7 0.006 2
Total 55 5496 440.6458 X -0.2170 0.1115 -0.2519 0.063 6
— - — X! -0.171 4 0.2109 -0.2218 0.1037
R?=08738 Adjusted R*=0.855 4 X -0.0390 0.7778 -0.098 8 0.4730
x° -0.0715 0.604 2 0.036 0 0.7939
Table3 The re_sults of mul_tivariate regression analysis on x*, x° §; _8‘%2%2 8‘8322 _8‘%52 g:éég g
-x*® and mortality of gastric cancer for men Xio 0.060 9 0.659 0 01751 0.2010
EECRU N T TR TR R
x* 271.596 1 0.449 1 45.488 3 5971 0.000 1 12 05330 0.000 1 0.059 2 0.667 7
X4 671.680 3 04453 2231106 3011  0.0041 X 0.329 2 0014 1 0277 1 0.040 6
X’ 2859537 01538 1438708 1988  0.0526 5 0.260 6 0.0546 04740 0.000 3
14 366.509 3 0.289 4 119.2315 3.074 0.003 5 X ’ ) ’ )
X 05394 -04109 02124 -2539 o044 X, 9584 0o 03 00
b o : ks - X7 -0.2569 0.058 4 -0.2759 0.0415
xY -1.259 9 -0.120 9 0.856 9 -1.470 0.148 0
Source of variation DF ~ Sumof squares MeanSquare  Fvalue P Esophagus cancer mortality for 45-74 age group was calculated
Regression 7 49422256156 7060522308  61L149 0.000 1 based on world truncated standardized population constitution.
Error 48 5542150301 11546.1465
Total 55 54964406456 . .
- Table 7 Correlation analysis between exposure factors and
R?=0.8992  Adjusted R?=0.884 5 truncated standardized mortality of liver cancer
Table 4 The results of multivariate regression analysis on X%, x° Factors Male Female
-x*® and mortality of gastric cancer for women Pearson’sr P Pearson’sr P
Factor B SB Standard error t P Xt -0.091 3 0.507 4 -0.140 7 0.3055
X 81.2327 0.5020 24717 9 3.286 0.001 9 X -0.1420 0.3010 -0.180 8 0.1865
x4 417.192 2 04328 1221212 3.416 0.001 3 X -0.0237 0.863 9 -0.1017 0.459 9
x* 132.182 7 0.258 2 44.083 4 2.998 0.0015 X! 0.006 1 0.964 8 -0.097 0 0.481 3
x® 1.270 2 0.163 9 0.920 9 1.379 0.1739 xX° 0.222 6 0.102 8 0.1915 0.161 4
XY -1.8558 -0.4045 0.595 8 -3.115 0.003 0 x° 0.067 9 0.622 1 0.254 6 0.060 7
— X 04113 0.001 8 0.214 1 0.116 6
Sourceof variation DF Sum of squares Mean Square F value P X -0:328 0 0'_01 45 0168 1 0.219 9
Regression 5 646897.4448 129379.4890 34.871 0.0001 x° 0.1200 0.3830 0.0737 0.592 7
€gl
Error 50 185511.7385 3710.234 8 X 0.362 7 0.006 5 0.160 9 0.2407
Total 55 832409.183 3 X2 0.057 0 0.679 4 0.159 4 0.245 1
- 2 0.1352 0.3249 0.059 5 0.666 1
R?=0.7771 Adjusted R*=0.754 9 §13 -0.0120 0.941 2 -0.245 3 0.0710
x* -0.002 4 0.986 3 0.156 9 0.252 7
ivari i P 4 5 x® 0.063 0 0.647 7 0.293 6 0.029 6
Te:?le 5 The results of multivariate regression analysis on x, X s 0.196 7 0150 1 0,094 6 0.492 2
-x*® and mortality of gastric cancer for women X7 -0.106 5 04389 -0.005 3 0.969 3

Factor B SB Standard error t P

X 100.238 2 0.409 0 26.0132 3.853 0.000 3
X" 448.485 9 0.465 8 124.452 2 3.604 0.000 7
X 153.932 8 0.300 7 43.506 8 3.538 0.0009
x® 2.3826 0.307 4 0.956 5 2.491 0.016 1
x*® -0.934 3 -0.407 8 0.3853 -2.425 0.0190
Sourceof variation DF  Sumof squares Mean Square F value P
Regression 5 6572520786 314504157 37.52 0.0001
Error 50 175157.1047 3503.142 1

Total 55  832409.183 3

R?2=10.789 6 Adjusted R?=0.768 5

Correlation analysis between exposure factor
and other digestive tract cancers

The Pearson’s correlation coefficients between each
factor and truncated standardized mortality for
esophagus cancer, liver cancer, and colon cancer
were calculated separately and results are shown in
Tables 6 - 8. There are no signifi cant positive
correlation among 4 variables for fish sauce
consumption and any of the mortality rates among
three other digestive tract cancers. In multivariate
regression analysis, the variables that reflect fish

Liver cancer mortality for 45-74 age group was calculated based
on world truncated standardized population constitution.

Table 8 Correlation analysis between exposure factors and
truncated standardized mortality of colon cancer

Male Female
Factors
Pearson’sr P Pearson’sr P

X 0.246 1 0.070 1 0.107 7 0.4341
X2 0.2356 0.083 3 0.105 5 0.443 3
X3 0.242 8 0.074 1 0.053 5 0.698 2
x* 0.2250 0.098 6 0.010 3 0.940 8
xX° 0.003 5 0.979 6 -0.022 3 0.8718
x° -0.050 4 0.714 8 -0.0127 0.926 6
X’ 0.096 4 0.4838 -0.124 2 0.366 2
X8 -0.160 5 0.2418 0.127 4 0.3539
xX° 0.083 3 0.5215 0.065 2 0.636 2
x© -0.097 4 0.4915 -0.248 2 0.067 7
x® 0.384 3 0.003 8 0.2251 0.098 5
X2 -0.2815 0.037 4 0.027 7 0.8412
xB -0.1895 0.1659 -0.181 9 0.1839
x* 0.2185 0.109 1 -0.061 1 0.657 9
x® -0.289 9 0.0318 -0.055 4 0.687 9
X1 -0.165 4 0.227 4 -0.224 7 0.099 0
x* 0.205 3 0.1327 0.178 7 0.1919

Colon cancer mortality for 45-74 age group was calculated based
on world truncated standardized population constitution.
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DISCUSSION

Gastric cancer is the second common cancer in the
world today™. It remains the leading cause of
cancer death in Chind™. In the studies of etiology
and epidemiology on gastric cancer, the associations
between gastric cancer risk and Helicobacter pylori
(Hp) infection®™*®  occupational exposures®,
diet and life factord®®, lack of essentiad trace
elements®® have been observed. The most widely
reported protective factors are dietary factor?"*l,
It has been reported that a large amount of nitrite
exists in most salted fishes and smoking meat, and
may be related to the high gastric cancer incidence
along coastal area and among Japanese or Chinese
population.

Each local resident in Fujian Province
consumed daily about 30mL fish sauce as one kind
of condiments. Fish sauce is a liquid product of
small marine fish and table salt (7:3). The fishes
are completely liquefied after fermentation for 1-2
years. The salted fermented fish products may
contain many precursors of N-nitroso compound
derived from the proteins content of the fishes,
which could synthesize N-nitrosamides under
simulated human stomach conditions®4. N-
nitrosamides is suggested as a major initial cause of
gastric cancer™. Zhang et al®*® had analyzed the
N-nitroso compound precursors from 49 fish sauce
samples obtained from high risk area of gastric
cancer in Fujian Province, and detected
630uM/mL of 17 free amino acids. After
nitrosifiction the total amount of N-nitroso
compound in samples was as high as 2.95uM/mL.
The concentration of N-nitrosylamine from ethyl
acetate extraction solution was 0.06pM/mL. Fish
sauce is rich in creatinine and other nitrosamide
precursors. It was mutagenic and carcinogenic for
the glandular stomach of Wistar rats, after it was
nitrosified under simulated human stomach
condition®®?, All these experiments have shown
that fish sauceispotentialy carcinogenic.

High incidence of gastric cancer may be
attributed, to some extent, to some unique dietary
habits in the high-risk area. This ecologica study
showed the positive correlationship between gastric
cancer mortality and fish sauce favored by Fujian
residents. The relationship between gastric cancer
and uncooked fish sauce intake is particularly
obvious. Among four digestive tract cancers, only
gastric cancer had a positive correlation with fish
sauce consumption, which suggests that the
association may be specific to gastric cancer. This
study indicates that long-term use of fish sauce may
be related to high gastric cancer mortality in the
Fujian area.

This ecological comparison study may provide a
possible hypothesis for the etiology of gastric
cancer. Fish sauce has both N-nitroso compounds
and a high sdt content, which might partialy

explain the high gastric cancer mortality along the
Fujian coast. Further studies are needed to confirm
our results. Recently, a population-based case-
control study was conducted in Changle County,
Fujian Province. The residents in Changle County
had a high prevalence of H. pylori infection.
However, no dtatistical significant difference was
found in respect to presence of H. pylori infection
between gastric cancer patients and controls. The
results showed that fish sauce intake, deficiency in
fresh vegetables were risk factors in gastric
cancert®,

The development of human gastric cancer is a
multistep and multifactoria process®. A number of
molecular events are involved in gastric
carcinogene sis*l,  Coordinate prevention and
treatment measures must be taken, including
changing the habit of taking fish sauce, nutrition
guidance and cancer prevention education for
general public. This would undoubtedly have
positive effect on reducing the risk of gastric cancer
inFujian Province.
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