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Abstract 
Dietary salt intake has been reported to be associated with cardiovascular disease (CVD). Howev-
er, there were few studies that assessed the relationship of salt preference with CVD. We examined 
the association between salt preference and the incidence of CVD and its subtypes in a Japanese 
general population. Based on the prospective Jichi Medical School Cohort Study, data were ana-
lyzed from 11,394 eligible participants. A baseline survey of the preference for salt was obtained 
by questionnaire and health examinations from April 1992 through July 1995 in 12 communities 
in Japan. The participants were followed up until December 2005 (mean follow-up period, 10.7 ± 
2.4 years). Subjects were divided into three categories according to their preference for salt: favor, 
so-so, and disfavor. A Cox proportional hazards model was used to calculate hazard ratios (HRs) of 
the incidence of CVD according to the preference categories. We observed 485 cardiovascular 
events (258 in men and 227 in women). Among the men, the multivariable adjusted HRs for inci-
dence of myocardial infarction and subarachnoid hemorrhage for favor versus so-so salt prefe-
rence were 0.34 (95% confidence interval, 0.17 - 0.71) and 7.10 (0.88 - 56.84), respectively. 
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Among the women, age-adjusted HRs for the incidence of CVD, total stroke, cerebral hemorrhage, 
and cerebral infarction for the favor preference were 1.41 (1.02 - 1.95), 1.36 (0.97 - 1.91), 1.79 
(0.87 - 3.71), and 1.40 (0.89 - 2.19), respectively. The data indicated that preference for salt may 
be associated with an increase in the incidence of CVD in women. 
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1. Introduction 
Cardiovascular diseases (CVD), such as coronary heart disease (CHD) and stroke, are common causes of death 
and disabilities for elders in developed countries, including Japan, after hypertension and atherosclerosis. An es-
timated 17.5 million people died from CVD in 2012 (31% of all global deaths). Tobacco use, unhealthy diet and 
obesity, physical inactivity and harmful use of alcohol, diabetes and hyperlipidemia, hypertension and atheros-
clerosis are established risk factors for CVD. One of main causes on hypertension is much more salt intakes. 
Salt intakes influence individual salt preferences strongly [1]. 

Excessive salt intake affects the incidence and prevalence of hypertension, and subsequently influences the 
prevalence of cardiovascular disease (CVD) [2]. High salt intake has also been associated with increased CVD 
mortality and incidence [3]-[6]. The Japanese are known to have higher salt intake than many other populations 
[7]. In Japan, the mean salt intake among adults was 10.2 g per day (men, 11.3 g per day; women, 9.4 g per day) 
according to a national nutrition survey in 2013 [8]. Now, a new goal has been set to improve the level of salt 
intake among Japanese to within 8 g per day [9]. Therefore, dietary sodium restriction must be recommended to 
a considerable number of people. It is important to estimate salt intake and advice participants who consume 
excessive amounts of salt to reduce their salt intake. In general, daily salt intake may be estimated by a food 
frequency questionnaire or by measurement of 24 hour urinary sodium excretion [10]. However, both methods 
seem inconvenient for general use in mass screening. For these reasons, at health check-up centers or outpatient 
clinics, salt intake is usually estimated by a questionnaire on salt preference [11] [12]. 

Salt preference is thought to be associated with salt intake [13]. In a prospective study that examined the rela-
tionship between salt preference and CVD, salt preference was significantly positively associated with dietary 
sodium intake. Compared to the low salt preference group, the high salt preference group showed a relation to 
higher mortality from stroke [11]. However, few researches have attempted to assess the effects of salt prefe-
rence on CVD. We could find no studies that clarified the relationships between salt preference and mortality 
from subtypes of CVD. As far as we know, no previous studies have reported an association of salt preference 
with the incidence of CVD and its subtypes. 

Therefore, the aim of this study was to clarify the relationships between salt preference and the incidence of 
CVD and CVD subtypes using about 10 years of follow-up data from a large-scale prospective population-based 
cohort study conducted in Japan. 

2. Subjects and Methods 
2.1. Subjects 
The Jichi Medical School (JMS) Cohort Study is a population-based prospective study that was started in 1992 
to investigate the risk factors for CVD in 12 rural areas in Japan. A total of 12,490 people (4911 men and 7579 
women) were enrolled in this study. Mass screening examinations for CVD have been conducted in Japan since 
1982 under the direction of the Health and Medical Service Law for the Aged, and we used this system to collect 
the data. The baseline data were obtained from April 1992 through July 1995. Baseline examinations consisted 
of physical and blood examinations and a self-administered questionnaire. A detailed description of the standar-
dized collection of baseline examinations was published previously [14]. 

Among the 12,490 participants, 95 (0.8%) declined follow-up and 7 (0.06%) could not be contacted after 
baseline examination, after which 12,388 subjects (4869 men and 7519 women) remained. We excluded partic-
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ipants with a history of CVD (96 men and 74 women) and those with missing data on salt preference (356 men 
and 468 women). Ultimately, 11,394 subjects (4417 men and 6977 women) were analyzed in the present study. 
Written informed consent to participate in the study was obtained individually from all of the participants in the 
mass screening. This study was approved by the Institutional Review Board of Jichi Medical School. 

2.2. Baseline Examination 
The health checkup was carried out in all 12 communities using same protocols. The body height of all partici-
pants was measured without shoes. Body weight while fully clothed was recorded; 0.5 kg in summer or 1 kg in 
other seasons was subtracted from the recorded weight. Body mass index (BMI) was calculated as weight (kg)/ 
height (m)2. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) at baseline were measured with a 
fully automated sphygmomanometer (BP203RV-II; Nippon Colin, Komaki, Japan), which was placed on the 
right arm of the participant after resting for at least 5 minutes in a sitting position. Serum cholesterol concentra-
tion was measured by taking a blood sample from the antecubital vein of the seated participants. Total choles-
terol was measured using an enzymatic method, and high density lipoprotein cholesterol (HDL-C) was measured 
using the phosphotungstate precipitation method (Wako, Osaka, Japan; inter-assay coefficient of variation, 
1.5%). 

Information on age, lifestyle, and medical history was obtained from responses to the baseline questionnaire. 
Salt preference was ascertained with the following question: “Do you like salty foods?” Participants answered 
with 1 of 5 multiple choice options: “highly favor”, “favor”, “so-so”, “moderately disfavor”, or “disfavor”. Sub-
jects were divided into three categories of salt preference according to their response: favor: “highly favor” or 
“moderately favor”; so-so: “so-so”; and disfavor: “moderately disfavor” or “disfavor”. 

Smoking habit and alcohol drinking habit were determined from the baseline questions on current smoking 
and current drinking. Histories of hypertension, diabetes, and hyperlipidemia were determined from questions 
on the medical history of each illness. Response to the number of years of education was in terms of consecutive 
years; the response was then categorized as ≥9 years or <9 years. 

2.3. Follow-Up 
The national mass screening system used to obtain the baseline data for the JMS Cohort Study was also used to 
follow the subjects each year. Subjects were asked whether they had a history of CVD after enrolling. Follow-up 
was conducted from 1995 to 2005. The mean follow-up period ± standard deviation (SD) was 10.7 ± 2.4 years. 
Subjects who did not attend a follow-up examination were contacted by mail or telephone. If an incident case of 
stroke or myocardial infarction (MI) was suspected, those subjects with such histories were asked when and 
which hospital they visited. Medical records pertaining to stroke and MI were checked if the subjects were hos-
pitalized for any reason, and incident cases were recorded. If both MI and stroke had occurred during the fol-
low-up period, each of the endpoints of stroke and MI was counted as the first for each disease. The CVD end-
point was defined as stroke or MI, whichever occurred first. Death from CVD was also included in the CVD in-
cidence data. Information on death was obtained from death certificates, which were collected at public health 
centers with the official permission from the Japanese Ministry of General Affairs and the Ministry of Health, 
Labour and Welfare until the end of 2005. Data on subjects who moved out of the study area during the fol-
low-up period were obtained annually from the municipal government. 

2.4. Diagnostic Criteria 
If a CVD event was suspected, we requested duplicate images from computed tomography or magnetic reson-
ance imaging (in cases of stroke) or electrocardiograms (in cases of MI). The diagnoses were determined inde-
pendently by a diagnosis committee in the JMS Cohort Study Group composed of a radiologist, a neurologist, 
and two cardiologists. Criteria for stroke were a focal and nonconvulsive neurological deficit of sudden onset 
persisting longer than 24 hours. Stroke subtypes were categorized as cerebral hemorrhage, cerebral infarction, or 
subarachnoid hemorrhage (SAH) according to the criteria of the National Institute of Neurological Disorder and 
Stroke [15]. MI was diagnosed according to the criteria of the World Health Organization Multinational Moni-
toring of Trends and Determinants in Cardiovascular Disease (MONICA) Project [16]. 
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2.5. Statistical Analysis 
All analyses were conducted according to subject gender. Descriptive parameters are shown as the mean, stan-
dard deviation, or proportion (%). We compared characteristics between salt preference groups by the chi-square 
test or one-way analysis of variance. Finally, Cox proportional hazards models were used to calculate hazard ra-
tios (HRs) with 95% confidence intervals (CIs) for the incidence of CVD according to salt preference, after ad-
justing for age, smoking habit, alcohol drinking habit, history of hyperlipidemia, and years of education (HR-all*) 
for men, and after adjusting for age, smoking habit, and alcohol drinking habit, BMI, HDL-C, and years of edu-
cation (HR-all†) for women, which were considered to be potential confounding factors. HRs of each incidence 
of stroke, stroke subtypes, and MI were calculated by same statistical models. All p values were two-tailed, and 
a probability value < 0.05 was considered statistically significant. All analyses were performed using the Statis-
tical Package for Social Science (SPSS) for Windows, version 16.0 (SPSS Inc., Japan). 

3. Results 
During a mean follow-up period of 10.7 years, we documented 485 CVD events (258 in men, 227 in women): 
415 strokes (210 in men, 205 in women), including 264 cerebral infarctions (150 in men, 114 in women), 94 
hemorrhagic strokes (47 in men, 47 in women), and 56 SAHs (13 in men, 43 in women), and 76 MIs (52 in men, 
24 in women). 

The baseline characteristics of the subjects by salt preference group are shown in Table 1. In both men and 
women, favor salt preference was positively associated with smoking (p < 0.01 for men; p = 0.01 for women) 
and alcohol drinking (p < 0.01 for men; p = 0.02 for women). Among the men, those in the favor salt preference 
group tended to be younger, more highly educated (both, p < 0.01), and less likely to have hyperlipidemia (p = 
0.04). Among the women, those in the favor salt preference group tended to be older, less well educated (both, p 
< 0.01) and more likely to have both a higher incidence of CVD (p = 0.046) and higher BMI (p < 0.01) and a 
lower serum concentration of HDL-C (p < 0.01). 

The incidence and HRs for CVD by salt preference category are shown in Table 2. After adjustment for age, 
there were no significant associations between salt preference and CVD or total stroke among the men. Our data 
showed 11 MIs, and the HR for MI was significantly lower in the favor salt subjects compared with so-so sub-
jects (HR, 0.34; 95% CI, 0.17 - 0.68). After further multiple adjustment for smoking status, alcohol drinking 
status, history of hyperlipidemia, and years of education, the HR for MI was 0.35 (0.17 - 0.71). Among women, 
the HR for CVD was significantly higher in the favor salt subjects compared with the so-so subjects (HR, 1.41; 
95% CI, 1.02 - 1.95) after adjustment for age. After further adjustment for smoking status, alcohol drinking sta-
tus, BMI, HDL-C, and years of education, the HR was 1.15 (0.81 - 1.63). The HR for total stroke was also high 
(1.36; 95% CI, 0.97 - 1.91) in the favor salt subjects among women. After multivariate adjustment (HR-all†), HR 
was 1.08 (0.74 - 1.57). No significant association was found between salt preference and MI in the women, al-
though a significant association was found in the men. 

We also analyzed the respective association between salt preference and the incidences of stroke subtypes 
(Table 3). Among the men, there were 9 SAHs, and the HR was 8.09 (1.02 - 63.84) in the favor salt subjects af-
ter adjustment for age. After multivariate adjustment (HR-all*), the HR of SAHs was 7.10 (0.88 - 56.84). Among 
the women, age-adjusted HRs for cerebral hemorrhage and cerebral infarction were 1.79 (0.87 - 3.71) and 1.40 
(0.89 - 2.19), respectively, in the favor salt subjects. After multivariate adjustment (HR-all†), HRs were 1.59 
(0.74 - 3.44) and 1.07 (0.65 - 1.78), respectively. 

4. Discussion 
We investigated the association between salt preference and the incidence of CVD in a Japanese general popula-
tion. We found that salt preference was positively associated with an increased risk of SAH and a decreased risk 
of MI in men. For women, salt preference was positively associated with an incidence of CVD after age-ad- 
justment. HRs for incidences of cerebral hemorrhage and cerebral infarction were also higher, although not with 
significance. To our knowledge, this study is the first prospective study to provide evidence of the relationship 
of salt preference with the incidence of stroke. 

We found that salt preference was associated with an increased incidence of CVD in the women. We exa- 
mined CVD incidence data rather than mortality data as endpoints. Because the incidence of CVD occurs earlier 
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Table 1. Baseline characteristics of study participants by salt preference categories.                                        

 Favor So-so Disfavor  
(Men) number (n) 1813 1585 1019 p-valuea 

Number of CVD incidence 91 (5.0) 102 (6.4) 65 (6.4) 0.15 

Number of Stroke incidence 81 (4.5) 76 (4.8) 53 (5.2) 0.68 

Number of MI incidence 11 (0.6) 29 (1.8) 12 (1.2) <0.01** 

    p-valueb 

Age (year) 54.5 (11.5) 54.6 (12.1) 56.7 (12.4) <0.01** 

Systolic blood pressure (mmHg) 131.6 (20.6) 131.1 (21.0) 131.0 (21.0) 0.66 

Diastolic blood pressure (mmHg) 79.3 (12.3) 79.0 (12.1) 79.0 (12.6) 0.71 

Total-cholesterol (mg/dl) 183.8 (34.4) 186.3 (33.7) 185.3 (34.7) 0.10 

HDL-cholesterol (mg/dl) 49.3 (13.6) 49.0 (13.6) 48.1 (13.0) 0.08 

Body mass index (kg/m2) 23.0 (2.9) 23.0 (2.9) 22.9 (2.9) 0.51 

Current Smokers 55.8 49.2 43.4 <0.01** 

Current Drinkers 78.2 75.5 70.4 <0.01** 

History of hypertension 8.8 9.8 10.7 0.27 

History of diabetes mellitus 1.9 2.7 3.0 0.12 

History of hyperlipidemia 0.7 1.4 1.8 0.04* 

Education years (over 9 years) 88.5 88.7 83.4 <0.01** 

(Women) number (n) 1618 2885 2474 p-valuea 

Number of CVD incidence 67 (4.1) 80 (2.8) 80 (3.2) 0.046* 

Number of stroke incidence 60 (3.7) 74 (2.6) 71 (2.9) 0.09 

Number of MI incidence 7 (0.4) 8 (0.2) 9 (0.4) 0.68 

    p-valueb 

Age (year) 55.8 (11.0) 54.8 (11.0) 55.5 (11.5) <0.01* 

Systolic blood pressure (mmHg) 128.9 (21.5) 127.9 (20.9) 127.6 (21.0) 0.15 

Diastolic blood pressure (mmHg) 76.8 (12.3) 76.2 (12.0) 76.0 (12.1) 0.08 

Total-cholesterol (mg/dl) 196.5 (34.1) 197.2 (35.5) 197.1 (34.5) 0.81 

HDL-cholesterol (mg/dl) 51.5 (12.0) 52.5 (12.5) 53.8 (12.7) <0.01** 

Body Mass Index (kg/m2) 23.5 (3.3) 23.1 (3.1) 23.0 (3.2) <0.01** 

Current smokers 6.9 5.1 5.0 0.01* 

Current drinkers 26.9 25.6 23 0.02* 

History of hypertension 12.9 11.6 12.4 0.39 

History of diabetes mellitus 1.2 1.6 2.0 0.14 

History of hyperlipidemia 1.5 2.3 2.1 0.16 

Education years (over 9 years) 75.9 81.2 80.0 <0.01** 

Data are expressed as a mean (standard deviation) for variables or as a percentage of the population. aChi-square test; bAnalysis of variance 
(ANOVA); *p values were < 0.05; **p values were < 0.01. 
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Table 2. Hazard ratios and 95% CIs of incidence from cardiovascular disease and myocardial infarction with gender differ-
ence by salt preference categories.                                                                               

Salt preference category 

 Favor So-so Disfavor 

Men    
Cardiovascular disease§    

N 91 102 65 

HR-age 0.80 (0.60 - 1.06) 1.00 0.83 (0.61 - 1.13) 

HR-all* 0.75 (0.57 - 1.01) 1.00 0.84 (0.61 - 1.17) 

Total-stroke    
N 81 76 53 

HR-age 0.97 (0.71 - 1.33) 1.00 0.9 (0.63 - 1.28) 

HR-all* 0.90 (0.64 - 1.25) 1.00 0.89 (0.62 - 1.28) 

Myocardial infarction    
N 11 29 12 

HR-age 0.34 (0.17 - 0.68) 1.00 0.55 (0.28 - 1.09) 

HR-all* 0.35 (0.17 - 0.71) 1.00 0.64 (0.33 - 1.24) 

    
Women    

Cardiovascular disease§    
N 67 80 80 

HR-age 1.41 (1.02 - 1.95) 1.00 1.11 (0.81 - 1.51) 

HR-all† 1.15 (0.81 - 1.63) 1.00 1.14 (0.83 - 1.57) 

Total-stroke    
N 60 74 71 

HR-age 1.36 (0.97 - 1.91) 1.00 1.06 (0.78 - 1.47) 

HR-all† 1.08 (0.74 - 1.57) 1.00 1.09 (0.78 - 1.52) 

Myocardial infarction    
N 7 8 9 

HR-age 1.44 (0.52 - 3.98) 1.00 1.38 (0.54 - 3.50) 

HR-all† 1.37 (0.49 - 3.82) 1.00 1.29 (0.50 - 3.36) 

HR-age: hazard ratios adjusted for age. HR-all*: hazard ratios adjusted for age, smoking status and drinking status, history of hyperlipidemia, and 
education years. HR-all†: hazard ratios adjusted for age, smoking status and drinking status, BMI, HDL-choesterol, and education years. §: The case 
which occurred both stroke and myocardial infarction is included. 
 
than that of mortality, our study was significant in that we captured the risk of CVD at an earlier stage. With re-
spect to Japanese studies, the Japan Collaborative Cohort Study for Evaluation of Cancer Risk (JACC Study) 
reported an association between salt preference and mortality from stroke among Japanese men and women [11]. 
In that study, subjects were divided into three categories according to their preference answer. Compared to the 
low salt preference group, the salt preference group was associated with higher mortality from stroke after 16.4 
years of follow-up: The multivariable HRs for CVD were 1.05 (0.92 - 1.20) for men and 1.05 (0.92 - 1.19) for  
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Table 3. Hazard ratios and 95%CIs of incidence of subtypes of stroke with gender differrence by salt preference categories.       

Salt preference category 

 Favor So-so Disfavor 

Men    
Cerebral hemorrhage    

N 18 17 12 

HR-age 0.96 (0.49 - 1.87) 1.00 0.92 (0.44 - 1.91) 

HR-all* 0.84 (0.41 - 1.70) 1.00 0.86 (0.40 - 1.88) 

Cerebral infarction    
N 54 58 38 

HR-age 0.85 (0.59 - 1.24) 1.00 0.84 (0.56 - 1.26) 

HR-all* 0.80 (0.54 - 1.17) 1.00 0.86 (0.56 - 1.32) 

Subarachnoid hemorrhage    
N 9 1 3 

HR-age 8.09 (1.02 - 63.84) 1.00 4.12 (0.42 - 39.78) 

HR-all* 7.10 (0.88 - 56.84) 1.00 2.62 (0.24 - 29.10) 

    
Women    

Cerebral hemorrhage    
N 15 14 18 

HR-age 1.79 (0.87 - 3.71) 1.00 1.42 (0.70 - 2.85) 

HR-all† 1.59 (0.74 - 3.44) 1.00 1.59 (0.78 - 3.27) 

Cerebral infarction    
N 36 42 36 

HR-age 1.40 (0.89 - 2.19) 1.00 0.93 (0.59 - 1.45) 

HR-all† 1.07 (0.65 - 1.78) 1.00 0.94 (0.59 - 1.49) 

Subarachnoid hemorrhage    
N 8 18 17 

HR-age 0.78 (0.34 - 1.81) 1.00 1.10 (0.56 - 2.14) 

HR-all† 0.65 (0.27 - 1.56) 1.00 1.05 (0.54 - 2.07) 

HR-age: hazard ratios adjusted for age. HR-all*: hazard ratios adjusted for age, smoking status and drinking status, history of hyperlipidemia, and 
education years. HR-all†: hazard ratios adjusted for age, smoking status and drinking status, MI, and HDL-cholesterol, and education years. 
 
women. HRs for stroke were 1.21 (0.99 - 1.49) for men and 1.22 (1.00 - 1.49) for women. It is possible that the 
discrepancies in the results between the JACC Study and our study were due to differences in the number of 
participants, follow-up period, and examination end points. Our study suggested the possibility that salt prefe-
rence was associated with the stage of CVD incidence rather than mortality, with gender differences. 

High salt preference may result in a long-term, high-sodium intake, then leading to high blood pressure and an 
increased risk of CVD. Several previous studies reported positive associations between salt preference and salt 
intake [12] [17] [18] and between salt intake and the incidence of CVD or mortality [3]-[6]. Several explana-
tions for the associations between sodium intake and CVD have been put forward. High salt intakes influence 



S. Tadenuma et al. 
 

 
112 

CVD by altering left ventricular mass [19] or increasing blood flow and vascular reactivity [20] [21]. In our 
study, the incidence of CVD was high for women. Our targets among women were almost local residents. So, 
the incidence of CVD may be slightly higher than the previous study. For women, high salt preference tended to 
be less well educated. Therefore, subjects with high salt preference may have behavioral risk factors, leading to 
higher risk of CVD in the women. Accordingly, women with a high salt preference may intake much more salt 
than those with a low salt preference. Further investigations are necessary to clarify sex difference in cardiovas-
cular risk factors. 

In our study, favor salt preference was positively associated with smoking and alcohol drinking in both men 
and women. The men in the favor salt preference group tended to be younger and more highly educated, whe-
reas the women in the salt preference group tended to be older, less well educated, and more likely to have a 
higher BMI and lower serum concentration of HDL-C. Despite these results, salt preference was not associated 
with CVD risk factors such as SBP, DBP, and a history of hypertension. Our results suggest that salt preference 
may be one of the risk factors of premature CVD. It is also possible that some people with a high salt preference 
developed hypertension that led to CVD during the follow-up period. Among the women, salt preference was 
associated with the incidence of CVD after age adjustment. After adjustment for smoking status, alcohol drink-
ing status, BMI, HDL-C, and years of education, the risk of CVD was attenuated. Accordingly, the influence of 
common risk factors on CVD incidence was strong for women, and salt preference may reflect accumulation of 
confounding risk factors except for age. These common factors can be self-managed and self-controlled. People 
indicating a high salt preference in the detailed interview during health check-ups should be recommended to 
practice adequate health behavior for the prevention of CVD in daily life, especially for women. 

Salt preference and food intake are affected by socioeconomic and psychophysiological factors such as recent 
dietary habit, culture, and income [22] [23]. Taste preferences are acquired early in life through the process of 
choosing foods and actual salt intake [24]. Lampure et al. reported that as a new pathway without a common 
route that leads to CVD, salt preference was associated with uncontrolled eating behavior [25], which is the 
tendency to lose control over eating when hungry or when exposed to external stimuli. A previous study showed 
that binge eating was associated with a higher incidence of a new diagnosis of dyslipidemia, any metabolic syn-
drome component (hypertension, dyslipidemia, or type 2 diabetes), and two or more components of metabolic 
syndrome after 5 years of follow-up [26]. Thus, eating disorders such as uncontrolled eating behavior can result 
in a relationship between salt preference and the occurrence of CVD. 

In our study, salt preference tended to be inversely associated with the incidence of MI in the men. Our results 
are similar to those of a previous study [11] although the reason for this cannot be fully explained. The de-
creased risk of MI associated with high salt preference might reflect the beneficial cardiovascular effects of the 
intake of n – 3 polyunsaturated fatty acids and isoflavones in the inhibition of platelet aggregation, lowering of 
blood pressure, and modulation of the inflammatory system [27] [28]. For the men in the present study, the low 
incidence of MI and the high incidence of SAH were based on a small number of incident cases. Thus, there was 
wide range of 95% CIs for the point estimates. 

For women, salt preference may reflect common risk factors that will cause CVD in the future and other un-
known factors such as eating behavior in an earlier stage of life. Especially in women, early assessment of salt 
preference may be effective in reducing the incidence of CVD. For subjects with high salt preference, early in-
tervention may be able to prevent excessive salt intake and uncontrolled eating behavior in the future. 

Our study has several strengths. First, it was conducted as a large-scale multicenter cohort study. In addition, 
we investigated the incidence of not only CVD but also stroke subtypes as endpoints. However, there were sev-
eral limitations. First, the follow-up period was shorter, and second, the numbers of subjects with an incidence 
of CVD were less than those of a previous study [11]. Third, estimated salt intake is not measured quantitatively. 
It is unclear whether the salt preference questionnaire reflects the responder’s actual salt intake. Fourth, the par-
ticipants were recruited through a mass screening program, and therefore, their concern for health may exceed 
that of the general population, which could result in differences in salt intake and other behavioral profiles. Fi-
nally, we were unable to control for other potential confounders such as nutrient factors and income. 

5. Conclusion 
We found that salt preference was positively associated with an increased risk of the incidence of SAH in men 
after multivariate adjustment and in CVD in women after adjustment for age. As with other common risk factors 
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for CVD, assessing salt preference may lead to the prevention of CVD because such assessment may help to 
prevent excessive salt intake and uncontrolled eating behavior in the future. These tendencies may apply espe-
cially to women. 
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Appendix 
The Jichi Medical School Cohort Study Group: Akizumi Tsutsumi (Occupational Health Training Center, Uni-
versity of Occupational and Environmental Health, Fukuoka), Atsushi Hashimoto (Aichi Prefectural Aichi Hos-
pital, Aichi), EijiKajii (Department of Community and Family Medicine, Jichi Medical School, Tochigi), Hideki 
Miyamoto (former Department of Community and Family Medicine, Jichi Medical School, Tochigi), Hidetaka 
Akiyoshi (Department of Pediatrics, Fukuoka University School of Medicine), Hiroshi Yanagawa (Saitama Pre-
fectural University, Saitama), Hitoshi Matsuo (Gifu Prefectural Gifu Hospital, Gifu), Jun Hiraoka (Tako Central 
Hospital, Chiba), Kaname Tsutsumi (Kyushu International University, Fukuoka), Kazunori Kayaba (Saitama 
Prefectural University), KazuomiKario (Department of Cardiology, Jichi Medical School, Tochigi), Kazuyuki 
Shimada (Department of Cardiology, Jichi Medical School, Tochigi), Kenichiro Sakai (Akaike Town Hospital, 
Fukuoka), Kishio Turuda (Takasu National Health Insurance Clinic, Gifu), Machi Sawada (Agawa Osaki Na-
tional Health Insurance Clinic, Kochi), Makoto Furuse (Department of Radiology, Jichi Medical School, Tochi-
gi), Manabu Yoshimura (Kuze Clinic, Gifu), Masahiko Hosoe (Gero Hot-Spring Hospital, Gifu), Masahiro Iga-
rashi, Masafumi Mizooka (Kamagari National Health Insurance Clinic, Hiroshima), Naoki Nago (Tsukude 
Health Insurance Clinic, Aichi), Nobuya Kodama (Sakugi Clinic, Hiroshima), Noriko Hayashida (Tako Central 
Hospital, Chiba), Rika Yamaoka (Awaji-Hokudan Public Clinic, Hyogo), Seishi Yamada (Wara National Health 
Insurance Hospital, Gifu), Shinichi Muramatsu (Department Neurology, Jichi Medical School, Tochigi), Shinya 
Hayasaka, Shizukiyo Ishikawa (Department of Community and Family Medicine, Jichi Medical School, Tochi-
gi), Shuzo Takuma (Akaike Town Hospital, Fukuoka), Tadao Gotoh (Wara National Health Insurance Hospital, 
Gifu), Takafumi Natsume (Oyama Municipal Hospital, Tochigi), Takashi Yamada (Kuze Clinic, Gifu), Takeshi 
Miyamoto (former Okawa Komatsu National Health Insurance Clinic, Kochi), Tomohiro Deguchi (Akaike 
Town Hospital, Fukuoka), Tomohiro Saegusa (Sakuma National Health Insurance Hospital, Shizuoka), Yoshi-
hiro Shibano (Saiseikai Iwaizumi Hospital, Iwate) Yoshihisa Ito (Department of Laboratory Medicine, Asahi- 
kawa Medical College, Hokkaido), and Yosikazu Nakamura (Department of Public Health, Jichi Medical 
School). 
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CVD: cardiovascular disease 
JMS Cohort Study: Jichi Medical School Cohort Study 
HDs: hazardratios 
HR-all*: hazard ratios adjusted for age, smoking status and drinking status, history of hyperlipidemia, and 

education years 
HR-all†: hazard ratios adjusted for age, smoking status and drinking status, BMI, HDL-cholesterol, and edu-

cation years 
BMI: body mass index 
SBP: systolic blood pressure 
DBP: diastolic blood pressure 
HDL-C: high density lipoprotein cholesterol 
MI: myocardial infarction 
SAH: subarachnoid hemorrhage 
MONICA Project: Multinational Monitoring of Trends and Determinants in Cardiovascular Disease Project 
JACC study: the Japan Collaborative Cohort Study for Evaluation of Cancer Risk 
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