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Abstract 

Background: Prospective cohort studies have shown that seafood consumption is 

inversely related to fatal coronary heart disease, sudden cardiac death and stroke.  We 

studied whether the kind of seafood consumed in addition to seafood consumption per 

se is associated with out-of-hospital cardiac arrests (OHCA) of cardiac origin.  

Methods and Results: We compared the average consumption of different kinds of 

seafood and other risk factors to the average incidence of age-adjusted OHCA  

(660,672 cases of OHCA: 55.2% of cardiac origin and 44.8% of non-cardiac origin) 

between 2005 and 2010 in the 47 prefectures of Japan.  There were many significant 

correlations between the incidence of age-adjusted OHCA of cardiac origin 

(ad-OHCA-CO) and the consumption of many kinds of seafood, but not the total 

consumption of seafood.  The consumption of horse mackerel (r=-0.568, P<0.0001) 

and saury (r=0.607, P<0.0001) showed the highest negative and positive correlations, 

respectively, with the age-adjusted incidence of ad-OHCA-CO.  Although salt 

consumption was not significantly associated with ad-OHCA-CO, salt consumption 

was significantly and positively associated with the consumption of flounder (r=0.388, 

P<0.01), salmon (r=0.359, P<0.05), saury (r=0.386, P<0.01), and cuttlefish (r=0.503, 

P<0.001).   



4 

Conclusions: In Japan, the consumption of different kinds of seafood may be an 

important factor in OHCA of cardiac origin.  Thus, dietary habits with regard to 

seafood may play a role in OHCA of cardiac origin, however, the question of whether 

to eat fish in general or instead to eat certain kinds of fish is still unclear. 

 

Key words: cardiac arrest, ecological study, fatty acids, seafood consumption 



5 

Introduction 

Dietary prevention originated in animal studies in which the high intake of dietary 

cholesterol was shown to lead to hypercholesterolemia and promote atherosclerosis.  

However, dietary intervention trials in humans that have targeted the primary and 

secondary prevention of cardiovascular diseases (CVD) have not always been 

successful
1-3

, since the trials were too small or too short, or the intervention itself was 

too weak to produce changes in lifestyle or diet
4
.  However, epidemiological surveys 

have shown a lower prevalence of CVD in populations around the Mediterranean, 

where the diet is rich in olive oil, fiber and n-3 polyunsaturated fatty acids (n-3PUFAs), 

and in Asia (e.g., Japan), where the diet has traditionally been low in fat and high in 

carbohydrates with high levels of fish consumption
5-7

.  Prospective cohort studies 

have shown that the consumption of seafood and fish oil is inversely related to fatal 

coronary heart disease
8, 9

, sudden cardiac death (SCD)
 10, 11

and stroke
10, 12, 13

, and most 

of the reduction in SCD could be explained by the antiarrhythmic effects of n-3PUFAs 

in fish
14, 15

.  As a result, current guidelines for both the primary and secondary 

prevention of cardiovascular events
15-17

, including Japanese guidelines
18, 19

, encourage 

the consumption of fresh seafood or oily fish at least twice a week. 

In January 2005, the Fire and Disaster Management Agency (FDMA) of Japan 
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launched a prospective, nationwide, population-based, cohort study in subjects who 

had had an out-of-hospital cardiac arrest (OHCA) to evaluate the effect of the 

nationwide dissemination of public-access AEDs on the rate of survival among 

patients who had an OHCA
20-25

, and the Japanese Circulation Society (JCS) 

Resuscitation Science Study (JCS-ReSS) Group had a suitable database.  Therefore, 

as a working hypothesis, we assumed that the kind of seafood consumed in each 

prefecture, in addition to the total consumption of seafood per se in each prefecture, 

would be associated with OHCA of cardiac origin.  We compared the total 

consumption of seafood and the average consumption of different kinds of seafood to 

the average incidence of OHCA between 2005 and 2010 in the 47 prefectures of Japan.  

To the best of our knowledge, this is the first study to demonstrate the relationship 

between seafood consumption and OHCA. 

 

 

Methods 

Subjects 

Patients who suffered from OHCA of cardiac and non-cardiac origin (n=364,547 and 

296,125, respectively, Table 1) and who were enrolled in the All-Japan Utstein 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22for%20the%20Japanese%20Circulation%20Society%20Resuscitation%20Science%20Study%20(JCS-ReSS)%20Group%22%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22for%20the%20Japanese%20Circulation%20Society%20Resuscitation%20Science%20Study%20(JCS-ReSS)%20Group%22%5BCorporate%20Author%5D
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Registry of the Fire and Disaster Management Agency between 2005 and 2010 were 

included in this analysis 
20-22

.  The populations in the 47 prefectures in Japan were 

obtained from the Population Census (2005) 
26

 and the Annual Report on Current 

Population Estimates (2006-2010)
 27

 published by the Ministry of Internal Affairs and 

Communications of Japan.  The study protocol for analyses was approved by the 

Ethics Committee of Fukuoka University (FU-#00000403), Japan. 

 

Age-adjusted incidence of OHCA 

Using the Utstein Registry, we calculated the crude incidence of OHCA by 

determining the raw number of cases of OHCA by prefecture and then dividing these 

numbers by the population of the prefecture.  The Japanese Model Population in 

1985 was used as a standard population, and age-standardization was performed by a 

direct method.  We determined the average yearly age-adjusted incidence of OHCA 

by prefecture from 2005 to 2010. 

 

Seafood consumption 

Data regarding the consumption of seafood in the 47 municipalities were obtained 

from the Family Income and Expenditure Survey published by the Ministry of Internal 
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Affairs and Communications of Japan
28

.  We considered 14 kinds of seafood: tuna, 

horse mackerel, sardine, bonito, flounder, salmon, mackerel, saury, sea bream, 

yellowtail, cuttlefish, octopus, shrimp, and crab.  Yearly expenditures, quantities and 

average prices per two-or-more-person household by prefectural capital city were 

obtained from this Survey, which also included the quantities of different kinds of 

seafood and salt consumption.  We calculated the daily consumption of these foods 

per person by dividing the yearly amounts of the different kinds of seafood by the 

number of household members, and determined the averages from 2005 to 2010.   

 

Fatty acids 

The yearly quantities of different kinds of seafood were determined as described in a 

previous section.  The types of lipids that were contained in seafood were obtained 

from the Standard Tables of Food Composition in Japan (fifth revised and enlarged 

edition) published by the Ministry of Education, Culture, Sports, Science of Japan
29, 30

.  

Although various cooking methods and species of seafood were included, we used 

data for raw seafood and averages for species of seafood.  For example, tuna 

encompasses 6 species and both red and fatty flesh, which have completely different 

lipid contents.  In Japan, red flesh and fatty flesh account for 87.5% and 12.5%, 
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respectively, of tuna consumption, and this was considered in the calculation.  The 

fatty acid contents in the 47 prefectures were calculated for the 14 kinds of seafood 

and this was considered to be the consumption of fatty acid for fish that are mainly 

consumed in Japan. 

 

Other risk factors   

The sex ratio was obtained from the All-Japan Utstein Registry.  Data on the 

consumption of salt, alcohol, and tobacco were obtained from the Family Income and 

Expenditure Survey
28

.  We calculated the daily consumption of these foods by the 

approach mentioned above.  The consumption of alcohol and tobacco were measured 

by the same method that was used to measure the consumption of seafood; i.e., in 

terms of money spent.  

The estimated numbers of patients with hypertension and dyslipidemia were obtained 

from the Patient Survey published by the Ministry of Health, Labour and Welfare of 

Japan
31

.  This survey was performed annually among patients of medical care 

institutions nationwide who were selected by random stratified sampling.  The 

estimated numbers of patients who received medical treatment in hospitals and general 

clinics on the dates surveyed were used.  We divided the estimated numbers of 
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patients by the population of the prefecture for each year and expressed the results as 

the average of the survey between 2005 and 2010.  The rates of participation in sports 

were obtained from the Survey on Time Use and Leisure Activities published by the 

Ministry of Internal Affairs and Communications of Japan
32

.  The sample was 

selected through a two-stage stratified sampling method, where the primary sampling 

unit was the enumeration district (ED) of the Population Census, and the secondary 

sampling unit was the household.  First, the whole country was divided into its 47 

prefectures, and a total of 6,700 sample EDs were selected.  In the selected EDs, 

about 80,000 households were selected from lists of households prepared by 

enumerators before the survey.  All persons aged 10 and over in the sample 

households were asked to respond to the survey.  Enumerators deliver the 

questionnaires to each household to be surveyed, collect the completed questionnaires, 

and interview the households as necessary.  The rate of participation in sports is 

derived from the total participation rate in sports.  Sports include all kinds of athletic 

activity performed for leisure, but exclude sports performed by students as part of their 

educational exercises and by professional athletes as their work.  This survey was 

performed once in five years, and we used the 2006 survey.  Obesity was defined as a 

Body Mass Index of 25 or greater.  The percentage of obesity was calculated using 
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age-adjusted data in males from 20 to 69 years old and the data were averaged 

between 2006 and 2010.  The rate of advancement to high school was obtained from 

the School Basic Survey published by the Ministry of Education, Culture, Sports, 

Science of Japan
33

.  Other data are expressed as the average of the survey between 

2005 and 2010.  The raw data were divided by the population of the prefecture. 

 

Statistical analysis 

The statistical analysis was performed using SAS software, version 9.3 (SAS Institute, 

Cary, NC, USA) at Fukuoka University.  We used a t-test for continuous variables 

and chi-squared tests for categorical variables.  The Spearman Rank Correlation 

Coefficient was used to evaluate associations between groups.  The values are 

expressed as the mean ± standard deviation (SD).  Statistical significance was defined 

as a p-value of less than 0.05. 

 

 

Results 

Patient characteristics in the All-Japan Utstein Registry 

There were 670,313 cases of OHCA in the All- Japan Utstein registry between 2005 

and 2010, including 9,641 cases who did not receive resuscitation.  Table 1 shows the 
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patient characteristics in the All-Japan Utstein Registry between 2005 and 2010, 

excluding 9,641 in the no-resuscitation group: 660,672 cases of OHCA: 364,547 

(55.2%) of cardiac origin and 296,125 (44.8%) of non-cardiac origin.  Non-cardiac 

origin included cerebrovascular disease, respiratory disease, malignant tumor, and 

exogenous disease (10.7%, 13.0%, 7.4%, and 40.8%, respectively).  Patients with 

OHCA of cardiac origin were significantly older, and had a lower incidence of male 

and a higher incidence of 1-month survival, cerebral performance category (CPC) 1 or 

2, and overall performance category (OPC) 1 or 2.  The initial rhythms in OHCA of 

cardiac origin were significantly more likely to be ventricular fibrillation (VF) and 

pulseless ventricular tachycardia (VT), and less likely to be pulseless electrical activity 

(PEA) and asystole. 

 

Incidence of OHCA of cardiac and non-cardiac origin in the 47 prefectures of Japan 

Figure 1 shows the mean age-adjusted incidence of OHCA of cardiac and non-cardiac 

origin in the 47 prefectures of Japan between 2005 and 2010.  Northern Japan tended 

to show a high incidence of cardiac arrest of both cardiac and non-cardiac origin. 

 

Time trends for the incidence of OHCA and total seafood consumption 
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Figure 2 shows the yearly changes in total seafood consumption and the  

incidence of OHCA (total, cardiac and non-cardiac origin) in the 47 

prefectures of Japan and total seafood consumption in Japan from 2000 to 

2010.  Although the incidence of OHCA of both total and cardiac origin  

has been increasing, total seafood consumption has decreased yearly from  

2000.   

 

Correlations between the consumption of overall seafood, different kinds of seafood, 

and the incidence of OHCA of cardiac and non-cardiac origin in the 47 prefectures 

Northern and Western Japan tend to show a high consumption of seafood (data not 

tabulated).  The overall consumption of raw fish (47 prefectures) (g/day/person) was 

not significantly correlated with the age-adjusted incidence of total OHCA (r=-0.036, 

p=0.81), the age-adjusted incidence of OHCA of cardiac origin (r=0.132, p=0.38), or 

the age-adjusted incidence of OHCA of non-cardiac origin (r=0.075, p=0.62) (data not 

tabulated).  Fourteen kinds of seafood were included in the analysis.  According to 

the Spearman Rank Correlation Coefficient between the consumption of each type of 

seafood and the age-adjusted incidence of OHCA, there were significantly different 
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correlations (Table 2-A).  The consumption of horse mackerel (r=-0.568, p<0.0001), 

sardine (r=-0.454, p=0.001), mackerel (r=-0.513, p=0.0002), sea bream (r=-0.527, 

p=0.0001), and yellowtail (r=-0.517, p=0.0002) showed significant negative 

correlations with the incidence of OHCA of cardiac origin (Table 2-A, Fig. 3-A).  

The consumption of tuna (r=0.602, p<0.0001), bonito (r=0.319, p=0.029), salmon 

(r=0.539, p<0.0001), saury (r=0.607, p<0.0001), and cuttlefish (r=0.396, p=0.006) 

showed significant positive correlations with the incidence of OHCA of cardiac origin 

(Table 2-A, Fig. 3-B).  The consumption of flounder (r=0.026, p=0.862), octopus 

(r=0.390, p=0.390), shrimp (r=-0.258, p=0.080), and crab (r=-0.007, p=0.966) showed 

no significant correlations with the incidence of OHCA of cardiac origin (Table 2-A).  

The associations between the consumption of different kinds of seafood and salt 

consumption in the 47 prefectures of Japan are shown in the Table 2-B.  Salt 

consumption was significantly and positively associated with the consumption of 

flounder (r=0.388, p=0.007), salmon (r=0.359, p=0.013), saury (r=0.386, p=0.007), 

and cuttlefish (r=0.503, p=0.0003), and negatively associated with theconsumption of 

sea bream (r=-0.386, p=0.008). 

 

Associations between the consumption of fatty acids from 14 kinds of seafood and the 



15 

incidence of OHCA of cardiac origin 

Table 3 shows the associations between the consumption of fatty acids caluculated 

from 14 kinds of seafood and the age-adjusted incidence of OHCA of cardiac origin.  

There were significant negative associations between the consumption of fatty acids 

including saturated fatty acid, palmitic acid, stearic acid, oleic acid, arachidonic acid, 

and eicosapentaenoic acid (EPA, trend of p=0.052) and the age-adjusted incidence of 

OHCA of cardiac origin, while no associations observed in alpha linolenic acid, 

docosahexaenoic acid (DHA) et al. 

 

Correlations between the incidence of OHCA of cardiac origin and other risk factors 

in the 47 prefectures 

The sex ratio, consumption of salt, alcohol and tobacco, age-adjusted incidence of 

hypertension, or dyslipidemia, participation in sports, % obesity, and rate of 

advancement to high school were included in the analysis (Table 4).  There were no 

significant correlations between the incidence of OHCA of cardiac origin by 

prefecture and the sex ratio, consumption of salt, alcohol and tobacco, hypertension, 

dyslipidemia, participation in sports, or rate of advancement to high school, while the 

percentage of obesity tended (p=0.064) to be associated with OHCA of cardiac origin. 
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Trends in the consumption of different kinds of seafood and seafood interactions  

Yearly changes in the consumption of each seafood in the 47 prefectures of Japan from 

2000 to 2010 are shown in Fig. 4.  The consumption of many of the seafoods has 

decreased, while the consumption of saury has seemed to be increased.  There were 

associations among the consumption of each type of seafood, i.e., the consumption of 

horse mackerel was negatively associated with those the consumption of tuna, salmon, 

saury, and cuttlefish (Table 5-A), while the consumption of saury was positively 

associated with the consumption of tuna, yellowtail, and cuttlefish (Table 5-B). 

 

Discussion 

The main finding in the present study was that the consumption of certain kinds of 

seafood, but not total seafood consumption per se, was significantly associated with 

the age-adjusted incidence of OHCA of cardiac origin, although the incidence of 

OHCA of cardiac origin increased from 2005 to 2010 and total seafood consumption 

decreased yearly from 2000, as shown in Fig. 2.   Epidemiological data have shown 

unequivocally that an increased intake of fish/fish oil is associated with lower CVD 

morbidity and mortality
8, 9

.  In the JPHC study by Iso et al.
34

, compared to modest 
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fish intake, higher fish intake was associated with a substantially reduced risk of CAD 

and non-fatal cardiac events among middle-aged subjects.  Thus, we and others have 

thought that total seafood consumption might be correlated with the incidence of 

OHCA of cardiac origin. 

The incidence of OHCA of cardiac origin was positively associated with the 

consumption of tuna, salmon, saury, and cuttlefish, while negative correlations were 

found for the consumption of horse mackerel, sardines, mackerel, sea bream, and 

yellowtail, and these seafoods were not significantly associated with OHCA of 

non-cardiac origin.  Thus, the kind of seafood consumed, rather than the total 

consumption of seafood, may be important for predicting the age-adjusted incidence of 

OHCA of cardiac origin.  The yearly changes in the consumption of each seafood 

gradually decreased except saury, and the trends were similar to the yearly change in 

total fish consumption (Figs. 2 and 4). 

Horse mackerel and saury showed the highest negative and positive 

correlations with the age-adjusted incidence of OHCA of cardiac origin (Table 2-A, 

Figs. 3-A and 3-B ).  Interestingly, although whole salt consumption was not 

significantly associated with the age-adjusted incidence of OHCA of cardiac origin, 

salt consumption was significantly and positively associated with the consumption of 
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flounder (r=0.388, p=0.007), salmon (r=0.359, p=0.013), saury (r=0.386, p=0.007), 

and cuttlefish (r=0.503, p=0.0003), and significantly and negatively associated with 

the consumption of sea bream (r=-0.383, p=0.008) (Table 2-B).  These data suggest 

that the method used to cook seafood might affect the association with the incidence of 

OHCA of cardiac origin.   In fact, Belin et al.
35

 showed that, in a diverse population 

of postmenopausal women who were at increased risk for heart failure (HF), a higher 

intake of baked/broiled fish was associated with a lower risk for incident HF, whereas 

a higher intake of fried fish was linked to a higher risk for incident HF, which suggests 

that dietary modification with an increase in the consumption of baked/broiled fish, 

and/or a decrease in the consumption of fried fish, could play a role in these 

associations.  Although saury showed a positive association and is rich in fatty acids, 

it is not mostly eaten raw but with salt in Japan.  The effects of saury, salmon, and 

cuttlefish may be reduced by the cooking methods used.   

The influence of mercury in seafood should also be considered.  It has been 

reported that exposure to high levels of mercury might reduce the beneficial effects of 

n-3 PUFA on sudden cardiac death
36

.  The Japanese Ministry of Health, Labour and 

Welfare has advised pregnant women to avoid consuming seafood that contains a large 

amount of mercury.  Tuna and bonito are predators that occupy positions high in the 
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food chain, and may contain large amounts of mercury through bioaccumulation.  

Mercury concentrations in tuna are positively correlated with body size
37, 38

.  

Differences between regions, which could be associated with different lifestyles and 

different harvests of seafood, may have also affected the results.  Northern Japan 

tends to show a high incidence of OHCA of cardiac origin, and this could explain the 

positive association between the consumption of seafood, which was higher in 

northern Japan than in southern Japan, and OHCA of cardiac origin.  Thus, we cannot 

exclude confounding factors. 

In this study, we calculated the consumption of fatty acids in the 47 prefectures 

of Japan in terms of the fish that are mainly consumed.  There were several 

significant negative associations between the consumption of fatty acids including 

saturated fatty acids, palmitic acid, stearic acid or arachidonic acid, and the 

age-adjusted incidence of OHCA of cardiac origin.  Over the past decade, an inverse 

relationship has been observed between fish intake and fatal CVD or sudden cardiac 

death, which suggests that n-3 polyunsaturated fatty acids (e.g., [EPA]+ [DHA]) may 

have an antiarrhythmic effect
10, 11, 14

, in addition to any platelet aggregatory
39, 40

, 

anti-atherosclerotic
41

, anti-inflammatory
42

, or vasodilatory effects
42

.  In the JELIS 

study
43

 in Japan, daily treatment with EPA together with statin was associated with a 
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relative reduction in major coronary events.  The DART
44

, GISSI-Prevenzione (P)
10, 

11
 and GISSI-HF

45
 studies have also shown that supplementation with n-3 

polyunsaturated fatty acids has beneficial effects on cardiovascular outcomes in 

different patient populations.  Our results cannot be compared to those of studies 

involving supplementation with fatty acids.  In particular, the amount of fatty acids in 

our analysis was significantly lower than the dose used in supplementation, since fatty 

acid contents were simply calculated from the consumption of each kind of seafood, 

not from total intake of diet.  In addition, the amount of fatty acids contained in 

seafood can change dramatically with preparation, and in our study we did not know 

how the different seafoods were cooked.  Many nutrients such as proteins, calcium, 

vitamins A, B and D, iron and taurine should be considered together. 

Recent meta-analyses have shown that supplementation with n-3 

polyunsaturated fatty acids not only does not reduce the incidence of cardiovascular
46

 

and cerebrovascular diseases
47

, but also has no beneficial effect.  These data also 

indicate that supplementation with fish oils may have different effects than the intake 

of fish itself, although meta-analyses have both publication and selection biases. 
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Finally, we performed an analysis with the crude incidence of OHCA, and the 

results were almost the same as those for the age-adjusted incidence of OHCA (data 

not shown).  We also performed an analysis with the mean age-adjusted incidence of 

OHCA between 2000 and 2005 (carry-over effects of seafood consumption) (data not 

shown), and the results were almost the same as those in the present study. 

 

Limitations  

Since this is an ecological study and the baseline characteristics in these surveys are 

different, we may need to consider an ecological fallacy, and thus the results may not 

be completely accurate, although the data from 660,672 individuals should be 

sufficient to discuss our hypothesis.  The data on the average consumption of seafood, 

salt, alcohol, and tobacco in the 47 prefectures of Japan do not include single-person 

households and only included information for the prefectural capital.  However, this 

information should reflect the characteristics of the prefectures.  Furthermore, the 

results were estimated from data on consumer spending rather than from a dietary 

questionnaire.  Therefore, salt consumption should be considered in the intake of 

other foods, such as when eating out.  Other confounding factors, such as the climate 

or lifestyle in the 47 prefectures, should also be considered.  Unfortunately, we could 
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not stratify other risks.  Although the amount of fatty acids varies according to the 

cooking style, in our data it is not clear how the seafood was cooked, and our study did 

not consider relations with other foods.
 

 

Conclusion 

In Japan, the consumption of different kinds of seafood may be an important factor in 

OHCA of cardiac origin.  Thus, dietary habits with regard to seafood may play a role 

in the incidence of OHCA of cardiac origin, however, the question of whether to eat 

fish in general or instead to eat certain kinds of fish is still unclear. 
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Figure Legends 

Fig.1:  Mean age-adjusted incidence of OHCA of cardiac origin (left panel) or 

non-cardiac origin (right panel) in the 47 prefectures of Japan between 2005 and 2010. 

 

Fig. 2:  Yearly changes in overall seafood consumption and the incidence of OHCA 

in the 47 prefectures of Japan from 2000 to 2010. 

Green line indicates the consumption of overall fish.  Orange, red, and blue lines 

indicate the incidence of OHCA in all patients, cardiac and non-cardiac origin, 

respectively. 

 

Fig. 3-A and 3-B:  Correlations between the age-adjusted incidence of OHCA  

and the consumption of different kinds of seafood in the 47 prefectures of  

Japan.  Red lines and circles indicate the correlation to OHCA of cardiac  

origin.  Blue lines and circles indicate the correlation to OHCA of  

non-cardiac origin. 

*P<0.05, **P<0.01, ***P<0.001. 

 

Fig. 4:  Yearly changes in the consumption of each seafood in the 47 prefectures of 
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Japan from 2000 to 2010.  The trends in the consumption of most of the seafoods 

were negative.  Green shows total seafood consumption, while the consumption of 

each type of fish is shown in blue (tuna), grey (saury), orange (horse mackerel), balck 

(bonito), and red(sardine). 
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Table 1. Patient Characteristics     

  
Total 

(n=660,672) 
Cardiac origin 
(n=364,547) 

Non-cardiac origin 
(n=296,125) 

Age, yrs 72±18 75±16* 68±21 

Male, n (%) 387,059(58.6) 211,623(58.1)* 175,436(59.2) 

ROSC, n (%) 42,899(6.5) 23,587(6.5) 19,312(6.5) 

1-month survival, n (%) 31,707(4.8) 19,530(5.4)* 12,177(4.1) 

CPC1 or 2, n (%) 14,337(2.2) 10,812(3.0)* 3,525(1.2) 

OPC1 or 2, n (%) 14,188(2.1) 10,714(2.9)* 3,474(1.2) 

Initial rhythm 

VF 47,158(7.1) 40,549(11.1)* 6,609(2.2) 

pulseless VT 1,627(0.2) 1,058(0.3)* 569(0.2) 

PEA 140,691(21.3) 73,357(20.1)* 67,334(22.7) 

Asystole 443,209(67.1) 235,657(64.6)* 207,552(70.1) 

ROSC= return of spontaneous circulation    
CPC= cerebral performance category, OPC= overall performance category 
VF=ventricular fibrillation, VT=ventricular tachycardia, PEA=pulseless electrical activity 
 *: P<0.01 vs. Non-cardiac origin.      



Table 2-A. Associations between the consumption of kinds of seafood and the 
age-adjust incidence of out-of-hospital cardiac arrest of cardiac origin 

  consumption r p 

Tuna, g 2.1±1.2 0.602 <0.0001 

Horse mackerel, g 1.5±0.9 -0.568 <0.0001 

Sardine, g 0.8±0.4 -0.454 0.001 

Bonito, g 1.2±0.8 0.319 0.029 

Flounder, g 1.3±0.9 0.026 0.862 

Salmon, g 2.6±0.8 0.539 <0.0001 

Mackerel, g 1.3±0.4 -0.513 0.0002 

Saury, g 1.9±0.7 0.607 <0.0001 

Sea bream, g 0.7±0.5 -0.527 0.0001 

Yellowtail, g 2.0±0.9 -0.517 0.0002 

Cuttlefish, g 2.6±0.9 0.396 0.006 

Octopus, g 0.7±0.2 0.390 0.390 

Shrimp, g 1.8±0.4 -0.258 0.080 

Crab, g 0.9±0.7 0.007 0.966 



Table 2-B. Associations between the consumption of kinds of seafood and salt 
consumption in the 47 prefectures of Japan 

  consumption r p 

Tuna, g 2.1±1.2 -0.004 0.978 

Horse mackerel, g 1.5±0.9 -0.083 0.578 

Sardine, g 0.8±0.4 -0.14 0.345 

Bonito, g 1.2±0.8 0.002 0.991 

Flounder, g 1.3±0.9 0.388 0.007 

Salmon, g 2.6±0.8 0.359 0.013 

Mackerel, g 1.3±0.4 -0.042 0.781 

Saury, g 1.9±0.7 0.386 0.007 

Sea bream, g 0.7±0.5 -0.386 0.008 

Yellowtail, g 2.0±0.9 -0.116 0.436 

Cuttlefish, g 2.6±0.9 0.503 0.0003 

Octopus, g 0.7±0.2 -0.245 0.097 

Shrimp, g 1.8±0.4 -0.206 0.165 

Crab, g 0.9±0.7 -0.067 0.653 



Table 3. Associations between the consumption of fatty acids and the age-
adjust incidence of out-of-hospital cardiac arrest of cardiac origin 

Fatty acid   r p 

Lipid 1.73±0.27 -0.17 0.253  

Total fatty acid, g 1.27±0.20 -0.117 0.435  

Saturated fatty acids, g 0.36±0.06 -0.321 0.028  

Monounsaturated fatty acid, g 0.55±0.09 0.039 0.797  

Polyunsaturated fatty acid, g 0.37±0.06 -0.201 0.177  

Omega-3 fatty acid, g 0.32±0.05 -0.195 0.189  

Omega-6 fatty acid, g 0.04±0.01 -0.155 0.298  

Lauric acid, mg 0.41±0.08 -0.227 0.125  

Myristic acid, mg 65.4±11.3 0.087 0.561  

Palmitic acid, mg 206.9±36.2 -0.353 0.015  

Stearic acid, mg 51.6±9.7 -0.426 0.003  

Oleic acid, mg 189.4±32.1 -0.403 0.005  

Linoleic acid, mg 21.2±3.1 -0.086 0.566  

Alpha linolenic acid, mg 12±1.8 -0.059 0.693  

Gamma linolenic acid, mg 1.3±0.2 -0.117 0.434  

Arachidonic acid, mg 12.4±2.3 -0.384 0.008  

Eicosapentaenoic acid , mg 88.3±16.0 -0.286 0.052  

Docosahexaenoic acid, mg 152.1±23.0 -0.166 0.266  



Table 4. Associations between risk factors and age-adjusted incidence of out-of-hospital 
cardiac arrest of cardiac origin 

Risk factors   r p 

Sex ratio, % 58.0  -0.241 0.102  

Salt consumption, g 2.1±0.5 -0.123 0.411  

Alcohol consumption, yen 38.2±5.0 0.046 0.761  

Tobacco consumption, yen 9.5±2.0 0.122 0.414  

Age-adjusted incidence of hypertension* 570.0±77.0 -0.142 0.340  

Age-adjusted incidence of dyslipidemia* 114.9±23.3 -0.091 0.544  

Participation rate in sports, % 63.5  0.108 0.470  

Percentage of obesity, % 31.6  0.273 0.064  

Rate of advancement to high school , % 98.0  -0.090 0.548  

*: /10x 104 person 


