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Introduction

In 2012, cancer was the leading cause of death in the 
world; 8.2 million people died from cancer worldwide 
(World Health Organization, 2015). It is estimated that 
30% of deaths from cancer are associated with adult 
obesity and diet and 5% with a sedentary lifestyle (Harvard 
Center for Cancer Prevention, 1996). Furthermore, studies 
have found that vegetables and their related vitamins 
reduce the risk of various types of cancer (World Cancer 
Research Fund American Institute for Cancer Research, 
2007). Convincing evidence exists showing that exercise 
decreases the risk of colon cancer, and some evidence 
exists suggesting that exercise decreases the risk of breast 
and endometrial cancer as well (World Cancer Research 
Fund American Institute for Cancer Research, 2007). In 
Japan, cancer has been the leading cause of death since 
1981. To decrease deaths from cancer, the Ministry of 
Labour and Welfare in Japan announced a new plan for 
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Abstract

 Background: Modifying lifestyle factors such as diet and exercise can reduce the risk of cancer. Psychological 

stress (PS) might be indirectly associated with cancer because it alters lifestyle factors. However, the relationship 

among these variables has not been fully investigated. Thus, we examined interactions between self-reported PS 

(SRPS) and habitual exercise on diet. Materials and Methods: In all, 5,587 men and 2,718 women were divided 
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SRPS levels: low, moderate and high. Diet was estimated using a validated food frequency questionnaire. Using a 

general linear model, food and nutrient consumption was estimated for each SRPS level in the 2 exercise groups, 

and the interactions between SRPS levels and exercise were calculated. Results: In women, the intake of pork and 

beef, low fat milk and yogurt, natto (fermented soybean), carrots and squash, other root vegetables, mushrooms, 
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H[HUFLVH��S�IRU�LQWHUDFWLRQ���������Conclusions: We suggest that certain foods and nutrients, which are thought 

to have a protective effect against cancer, interact with SRPS and habitual exercise, especially in women. This 

information is valuable for understanding and improving interventions for cancer prevention.
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cancer in December of 2015, including an increased focus 
on the research, prevention, and treatment of cancer. Thus, 
research on cancer prevention in Japanese populations is 
needed, particularly research related to lifestyle factors 
such as diet and physical activity.

Cancer leads to psychological stress (PS) in patients 
(Massie, 2004). However, the association between PS and 
cancer is controversial. Some studies found that PS does 
not cause cancer (Schernhammer et al., 2004; Santos et al., 
2009). Other studies found a positive association between 
PS and cancer (Jansson et al., 2009). It is possible that PS 
LQÁXHQFHV�WKH�ULVN�RI�FDQFHU�LQGLUHFWO\��&KLGD�HW�DO����������
because PS is associated with lifestyle factors that are 
related to cancer risk, such as diet (Laugero et al., 2011) 
and exercise (Perales et al., 2014). Heikkila et al reported 
that job stress was a risk factor for an unhealthy lifestyle, 
including a high BMI, smoking, drinking, and lack of 
exercise (Heikkila et al., 2013). In our previous study, an 
unhealthy lifestyle was based on drinking, smoking, and 
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H[HUFLVH��(QGRK�HW�DO�������E���6LJQLÀFDQW�GLIIHUHQFHV�LQ�
food intake were observed across the three levels of SRPS 
for participants with an unhealthy lifestyle (chi-squared 
test; p<0.001 for men and women). However, few studies 
KDYH� H[DPLQHG� WKH� VSHFLÀF� DVVRFLDWLRQV� EHWZHHQ� 36��
habitual exercise, and dietary intake of food and nutrients. 
In the present study, we investigated the interaction 
between self-reported PS (SRPS) and habitual exercise 
on the dietary intake of various foods and nutrients in 
Japanese men and women.

Materials and Methods

Subjects
From July 2005 to March 2007, we recruited 

individuals who attended a health checkup at a local 
health center in Shizuoka, Japan (Mochizuki et al., 2011; 
Endoh et al., 2015a; Endoh et al., 2015b). An in-person 
explanation was provided and written informed consent 
for participation in the study was obtained from 12,066 
subjects. Of these, 3,761 (31.2%) met the following 
exclusion criteria: (1) less than 29 or greater than 79 
years of age (n=84, 0.7%), (2) missing value for SRPS 
(n=663, 5.5%), (3) 61 years of age or greater (n=2,373, 
19.7%), excluded because most were retired and had no 
job-related stress, (4) past or present history of depression 
or being treated with an anti-depressant or tranquilizer 
(n=189, 1.6%), (5) energy intake (n=793, 6.6%) and body 
mass index (BMI) (n=761, 6.3%) greater or less than 2 
standard deviations from the mean, (6) missing data for 
lifestyle factors (n=489, 4.1%), (7) extremely short or long 
sleep times (n=246, 2.0%), and (8) past or present disease 
history of stroke, myocardial infarction, or cancer (n=442, 
3.7%). Ultimately, 5,587 (46.3%) men and 2,718 (22.5%) 
women were included in the analysis. This study was 
conducted according to the Declaration of Helsinki and 
all procedures involving human subjects were approved 
by the Ethics Committee of the University of Shizuoka.

Lifestyle assessment
Anthropometric measurements such as height, weight, 

and blood pressure were taken by trained staff at a local 
health center. Blood was taken after an overnight fast, 
and HbA1c, total cholesterol, high-density lipoprotein 
cholesterol, and triglycerides were measured. Information 
on age, smoking status (never, past, or current), sleeping 
time (hours per day), SRPS, and present and past disease 
history was obtained by trained medical staff. To calculate 
BMI, weight (kg) was divided by height (m) squared (kg/
m2). To determine SRPS, we asked each participant “Do 
you feel stress?”. The four possible answers (no, little, 
PRGHUDWH�� RU� H[WUHPH��ZHUH� FODVVLÀHG� DV� IROORZV�� ORZ�
(n=206 responded “no” and n= 1,993 “little”), moderate 
(n=4,938 responded “moderate”) and high (n=1,168 
responded “extreme”). To assess habitual exercise, the 
subjects were asked “Do you exercise regularly?” and 
answered either yes or no. The subjects who answered 
yes were considered exercisers and those who answered 
no were non-exercisers. A scientifically validated 
food frequency questionnaire (Kobayashi et al., 2011; 
Kobayashi et al., 2012) was used. This questionnaire 

contains 58 food items and foods, which were used to 
calculate the intake of energy and 42 nutrients. The 
dietary intake of each food and nutrient was calculated 
and adjusted for energy intake. 

Statistical analyses
The adjusted means for the dietary intake of food 

and nutrients were calculated by stratifying participants 
by the presence or absence of habitual exercise (i.e., the 
exerciser and non-exerciser groups). A general linear 
PRGHO�ZDV� XVHG� WR� DVVHVV� WKH� VLJQLÀFDQW� LQWHUDFWLRQV�
between SRPS levels and habitual exercise on the dietary 
intake of food and nutrients. The model was adjusted for 
the following confounding variables, as in our previous 
studies (Endoh et al., 2015a; Endoh et al., 2015b): age 
(years), BMI (kg/m2), dietary energy (kcal/day), alcohol 
intake (g/day), sleeping time (hours/day), smoking status 
(never, past, or current smoker), and past or present history 
of hypertension and diabetes mellitus (yes or no). All 
reported p values were based on two-sided tests. Statistical 
analyses were conducted using PASW Statistics 18 (SPSS 
,QF����DQG�S�������ZDV�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLÀFDQW�

Results 

Table 1 shows the demographic characteristics of the 
subjects. The mean BMI and percentages of participants 
who drink and smoke were higher in men. The proportions 
of participants with each SRPS level and who exercise 

Table 1. Subject Characteristics

 Men Women

Number 5,587  2,718 
Age (years) 48.1±7.4 46.4±7.7
BMI (kg/m2) 23.5±2.5 21.3±2.4
SRPS (%)  
  Low 27.9 23.6
  Moderate 58.1 62.2
  High 14.0 14.2
Habitual exercise (%)  
  Exercisers 52.2 54.6
  Non-exercisers 47.8 45.4
Drinking habit (%)  
  Non-drinkers 27.1 65.0
  Drinkers 72.9 35.0
Smoking habit (%)  
  Never 37.7 87.5
  Past 21.1   4.0
  Current 41.2   8.5
HbA1c (%) 5.6±0.8 5.3±0.9
Serum TC (mmol/L) 5.5±0.9 5.5±0.9
Serum HDL-C (mmol/L) 1.5±0.4 1.9±0.4
Serum TG (mmol/L) 1.6±1.2 0.9±0.5
Sleeping time (hours/day) 6.4±0.8 6.3±0.9
History of diabetes mellitus (current or previous) (%)
  Yes   4.0   0.9
  No 96.0 99.1
History of hypertension (current or previous) (%) 
  Yes 10.2   4.5
  No 89.8 95.5
Data are presented as the mean ± SD; SRPS, Self-reported psychological 
stress; BMI, body mass index; TC, total cholesterol; HDL-C, high-
density lipoprotein cholesterol; TG, triglycerides.
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(g/1000 kcal/day)

Men (n=5,587) Women (n=2,718)
SRPS p for 

trend p for int
SRPS p for 

trend p for intLow2 
(n=1,558)

Moderate2 
(n=3,247) High2 (n=782) Low2 (n=641) Moderate2 

(n=1,691) High2 (n=386)

Rice 0.37 0.11

  Non-exercisers3 218.5 
(213.4-223.6)

217.1 
(213.8-220.4)

213.9 
(207.6-220.3) 0.28 210.0 

(202.8-217.3)
208.5 

(204.3-212.8)
211.9 

(203.7-220.0) 0.77

  Exercisers4 209.4 
(204.8-214.0)

210.0 
(206.6-213.3)

210.1 
(202.5-217.6) 0.79 199.7 

(192.2-207.2)
200.0 

(195.2-204.9)
210.4 

(198.8-222.0) 0.19

Bread 0.92 0.36

  Non-exercisers 22.0 
(20.8-23.3)

20.8 
(20.0-21.6)

21.5 
(19.9-23.1) 0.43 28.7 

(26.5-30.8)
29.3 

(28.1-30.6)
27.2 

(24.8-29.7) 0.56

  Exercisers 21.1 
(19.9-22.3)

20.4 
(19.5-21.3)

20.8 (18.8-
22.7) 0.58 28.8 

(26.6-31.1)
29.7 

(28.2-31.1)
27.7 

(24.2-31.2) 0.96

Buckwheat noodles v 0.10 0.15

  Non-exercisers 14.8 
(13.6-16.0)

16.1 
(15.3-16.9)

15.8 
(14.3-17.3) 0.21 9.6 

(8.3-10.9)
9.6 

(8.8-10.3)
9.3 

(7.9-10.8) 0.96

  Exercisers 16.9 
(15.8-18.0)

16.3 
(15.5-17.1)

15.4 
(13.7-17.2) 0.20 10.0 

(8.7-11.3)
10.5 

(9.7-11.3)
10.9 

(8.9-13.0) 0.48

Japanese wheat noodles 0.85 0.80

  Non-exercisers 12.0 
(11.0-13.0)

13.3 
(12.6-13.9)

12.2 
(11.0-13.5) 0.52 12.0 

(10.6-13.5)
13.0 

(12.1-13.8)
14.0 

(12.4-15.6) 0.13

  Exercisers 12.7 
(11.8-13.6)

12.7 
(12.1-13.4)

13.1 
(11.6-14.6) 0.70 12.7 

(11.2-14.1)
13.0 

(12.1-13.9)
13.1 

(10.9-15.3) 0.69

Chinese, noodles 0.83 0.24

  Non-exercisers 17.0 
(15.8-18.1)

17.6 
(16.9-18.4)

17.5 
(16.1-19.0) 0.53 10.2 

(8.9-11.5)
10.4 

(9.7-11.2)
10.9 

(9.5-12.4) 0.42

  Exercisers 14.0 
(13.1-14.9)

14.2 
(13.6-14.9)

14.4 
(12.9-15.8) 0.65 8.4 

(7.3-9.5)
9.1 

(8.4-9.8)
9.4 

(7.8-11.1) 0.25

Spaghetti and macaroni 0.11 0.63

  Non-exercisers 10.3
 (9.6-11.0)

10.6 
(10.2-11.1)

11.3 
(10.4-12.2) 0.10 11.5 

(10.4-12.6)
11.0 

(10.3-11.6)
11.7 

(10.5-12.9) 0.96

  Exercisers 9.9 (9.3-10.6) 10.1 
(9.6-10.6)

9.2 
(8.2-10.3) 0.49 10.4 

(9.2-11.6)
10.3 

(9.5-11.1)
10.3 

(8.4-12.1) 0.95

Chicken 0.76 0.46

  Non-exercisers 308.3 
(292.9-323.7)

307.6 
(297.6-317.7)

306.9 
(287.7-326.1) 0.88 287.9 

(265.5-310.2)
300.1 

(286.9-313.2)
292.5 

(267.4-317.5) 0.71

  Exercisers 295.7 
(282.8-308.7)

300.0 
(290.5-309.5)

299.4 
(278.3-320.6) 0.67 286.8 

(265.1-308.6)
287.8 

(273.9-301.8)
265.8 

(232.1-299.4) 0.48

Pork /beef 0.79 0.03*

  Non-exercisers 14.0 
(13.3-14.6)

14.4 
(14.0-14.8)

14.8 
(14.0-15.6) 0.12 17.7 

(16.6-18.7)
17.3 

(16.7-17.9)
17.6 

(16.4-18.8) 0.84

  Exercisers 13.7 
(13.1-14.2)

14.0 
(13.6-14.4)

14.1 
(13.2-15.0) 0.33 17.8

(16.7-19.0)
16.8 

(16.1-17.6)
15.5 

(13.7-17.3) 0.02*

Ham, sausages, and bacon 0.24 0.39

  Non-exercisers 3.4 
(3.2-3.7)

3.8 
(3.6-3.9)

3.7 
(3.4-4.0) 0.12 3.8 (3.4-4.2) 4.2 (4.0-4.5) 3.8 (3.3-4.2) 0.97

  Exercisers 3.7 
(3.4-3.9)

3.7
 (3.5-3.9)

3.6 
(3.2-4.0) 0.89 4.5 (4.0-4.9) 4.0 (3.8-4.3) 3.6 

(2.9-4.2) 0.01*

Liver 0.76 0.55

  Non-exercisers 1.1 
(0.9-1.2)

1.1 
(1.0-1.2)

0.9 
(0.7-1.0) 0.09 0.8 

(0.7-1.0)
0.9 

(0.8-1.0) 1.0 (0.8-1.2) 0.34

  Exercisers 1.2 
(1.0-1.3)

1.2 
(1.1-1.2)

1.0 
(0.8-1.2) 0.29 0.9 

(0.7-1.0) 0.9 (0.8-1.0) 1.0 (0.7-1.2) 0.54

Squid, octopus, shrimp, and clams 0.33 0.51

  Non-exercisers 6.7 (6.3-7.1) 7.3 (7.0-7.6) 6.6 
(6.1-7.2) 0.93 6.2 (5.6-6.8) 6.8 (6.4-7.1) 6.7 (6.0-7.4) 0.34

  Exercisers 6.7 (6.4-7.1) 7.1 (6.9-7.4) 7.1 (6.5-7.8) 0.17 6.6 (6.0-7.2) 6.8 (6.4-7.2) 7.0 (6.0-7.9) 0.47
6PDOO�ÀVK�ZLWK�ERQHV 0.33 0.45
  Non-exercisers 2.1 (1.9-2.3) 2.1 (2.0-2.3) 2.1 (1.8-2.3) 0.84 2.1 (1.8-2.5) 2.2 (2.0-2.4) 2.6 (2.2-3.0) 0.15
  Exercisers 2.7 (2.4-2.9) 2.6 (2.4-2.7) 2.4 (2.0-2.8) 0.25 3.1 (2.7-3.6) 2.6 (2.4-2.9) 2.6 (2.0-3.3) 0.07
Canned tuna 0.82 0.32
  Non-exercisers 1.5 (1.3-1.6) 1.5 (1.4-1.6) 1.5 (1.3-1.7) 0.78 1.6 (1.4-1.8) 1.6 (1.5-1.8) 1.5 (1.3-1.7) 0.85
  Exercisers 1.4 (1.3-1.5) 1.4 (1.3-1.5) 1.4 (1.1-1.6) 0.91 1.8 (1.6-2.0) 1.6 (1.4-1.7) 1.4 (1.0-1.7) 0.04*
'ULHG�ÀVK�DQG�VDOWHG�ÀVK 0.34 0.09
  Non-exercisers 5.4 (5.0-5.8) 5.7 (5.5-6.0) 5.7 (5.2-6.2) 0.34 6.4 (5.7-7.0) 6.3 (6.0-6.7) 6.3 (5.6-7.1) 0.90
  Exercisers 6.0 (5.7-6.4) 6.1 (5.8-6.3) 5.8 (5.2-6.4) 0.62 6.7 (5.9-7.4) 7.3 (6.9-7.8) 6.5 (5.3-7.6) 0.72
2LO\�ÀVK 0.71 0.98
  Non-exercisers 7.2 (6.8-7.6) 7.2 (6.9-7.5) 7.6 (7.0-8.1) 0.33 7.9 (7.2-8.6) 7.8 (7.4-8.2) 7.6 (6.8-8.4) 0.52

Table 2. Interactions between SRPS and Habitual Exercise Level in the Dietary Intake of Food in Middle-Aged 

Japanese Men And Women1

were approximately equal between men and women.
Table 2 shows the interactions between SRPS levels 

and habitual exercise for the dietary intake of foods 
among middle-aged Japanese men and women. In male 
non-exercisers, SRPS was positively associated with the 

dietary intake of “cakes, cookies, and biscuits” and wine 
and negatively associated with dietary intake of potatoes, 
“tomatoes, tomato ketchup, boiled tomatoes, and stewed 
tomatoes”, seaweeds, and beer (p for trend <0.05 for all). 
In male exercisers, SRPS was positively associated with 
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(g/1000 kcal/
day)

Men (n=5,587) Women (n=2,718)
SRPS

p for 
trend

p for 
int

SRPS
p for 
trend

p for 
intLow2 

(n=1,558)
Moderate2 
(n=3,247)

High2 
(n=782)

Low2 
(n=641)

Moderate2 
(n=1,691)

High2 
(n=386)

  Exercisers 8.0 (7.6-8.5) 7.9 (7.5-8.2) 8.4 (7.7-9.1) 0.67 8.2 (7.5-8.9) 8.4 (8.0-8.9) 7.7 (6.6-8.7) 0.65
1RQ�RLO\�ÀVK 0.81 0.82
  Non-exercisers 6.2 (5.7-6.6) 6.5 (6.2-6.8) 5.9 (5.4-6.5) 0.69 6.8 (6.1-7.5) 6.6 (6.2-7.0) 7.0 (6.2-7.8) 0.85
  Exercisers 6.8 (6.4-7.2) 6.7 (6.4-7.0) 6.5 (5.9-7.2) 0.45 6.8 (6.1-7.5) 7.1 (6.6-7.5) 6.7 (5.7-7.7) 0.96
Low fat milk and yogurt 0.15 <0.01*

  Non-exercisers 12.8 
(11.0-14.7)

11.6 
(10.4-12.8)

10.5 
(8.2-12.8) 0.09 11.8 

(8.7-15.0)
12.2 

(10.4-14.1)
11.8 

(8.2-15.4) 0.89

  Exercisers 13.8 (11.9-
15.8)

13.8 
(12.4-15.2)

14.9
(11.7-18.0) 0.73 18.0 

(14.0-21.9)
16.1 

(13.6-18.7)
20.0 

(13.9-26.1) 0.89

Milk and yogurt 0.10 0.51

  Non-exercisers 26.6 (24.9-
29.1)

27.4 
(25.7-29.0)

28.5 
(25.3-31.7) 0.40 43.2 

(38.5-47.8)
48.4 

(45.7-51.2)
48.6 

(43.4-53.9) 0.08

  Exercisers 35.1 (32.5-
37.8)

32.9 
(31.0-34.8)

32.8 (28.5-
37.1) 0.21 50.6 

(45.7-55.5)
50.8 

(47.7-53.9) 46.0 (38.4-53.5) 0.33

Egg 0.73 0.63

  Non-exercisers 13.9 
(13.2-14.7)

13.6 
(13.2-14.1)

14.3 
(13.4-15.2) 0.62 15.8 

(14.7-17.0)
15.6 

(14.9-16.2)
15.8 

(14.5-17.0) 0.89

  Exercisers 13.8 
(13.2-14.5)

14.2 
(13.7-14.7)

13.4 
(12.3-14.5) 0.89 16.6 

(15.5-17.7)
15.6 

(14.9-16.3)
16.5 

(14.8-18.2) 0.52

Tofu and Tofu products 0.80 0.40

  Non-exercisers 12.8 (12.1-
13.5)

12.5 
(12.0-13.0)

12.4 
(11.4-13.3) 0.44 18.2 

(16.9-19.5)
18.0 

(17.2-18.8)
18.4 

(17.0-19.9) 0.75

  Exercisers 14.1 (13.4-
14.8)

14.4 
(13.9-15.0)

13.6 
(12.4-14.8) 0.85 20.3 

(18.9-21.6)
19.5 

(18.7-20.4) 19.0 (17.0-21.1) 0.20

Natto (fermented soy beans) 0.73 0.03*

  Non-exercisers 4.4 
(4.0-4.8) 4.3 (4.0-4.5) 4.3 (3.8-4.8) 0.65 5.8 (5.1-6.5) 5.7 (5.3-6.2) 6.0 (5.2-6.9) 0.62

  Exercisers 6.1 
(5.7-6.6) 5.7 (5.4-6.1) 6.1 (5.3-6.8) 0.55 6.9 (6.1-7.7) 6.9 (6.4-7.4) 6.2 (5.0-7.4) 0.42

Potatoes 0.28 0.53

  Non-exercisers 9.5 
(9.0-10.0) 9.0 (8.7-9.4) 8.5 

(7.9-9.2) 0.04* 14.9 
(13.7-16.0)

14.8 
(14.1-15.4)

15.0 
(13.7-16.2) 0.99

  Exercisers 10.4 
(9.8-10.9)

10.3 
(9.9-10.8)

10.0 
(9.1-10.9) 0.55 16.3 

(15.2-17.4)
15.8 

(15.1-16.5)
14.8 

(13.1-16.6) 0.16

Salted green and yellow vegetable pickles 0.10 0.69

  Non-exercisers 3.7 (3.4-4.0) 3.8 (3.6-4.0) 3.9 (3.5-4.3) 0.30 3.6 (3.0-4.1) 3.3 
(3.0-3.6) 3.7 (3.1-4.3) 0.95

  Exercisers 4.1 (3.8-4.4) 4.1 (3.9-4.3) 3.6 (3.2-4.1) 0.21 3.6 (3.0-4.1) 3.8 (3.4-4.1) 3.6 (2.7-4.5) 0.78
Other salted vegetable pickles (excluding salted pickled plum) 0.16 0.50
  Non-exercisers 4.8 (4.4-5.2) 4.8 (4.6-5.1) 4.8 (4.3-5.3) 0.96 5.8 (5.0-6.5) 5.5 (5.1-5.9) 5.8 (5.0-6.6) 0.99
  Exercisers 5.4 (5.0-5.8) 4.8 (4.5-5.1) 5.0 (4.4-5.6) 0.07 6.3 (5.5-7.0) 6.2 (5.7-6.7) 5.4 (4.2-6.5) 0.28
Raw vegetables used in salad (cabbage and lettuce) <0.01* 0.70
  Non-exercisers 7.8 (7.4-8.2) 7.8 (7.5-8.1) 8.0 (7.5-8.5) 0.66 9.7 (9.0-10.4) 9.8 (9.4-10.2) 9.3 (8.5-10.1) 0.71

  Exercisers 9.4 (9.0-9.8) 8.7 (8.4-9.0) 8.3 (7.6-9.0) <0.01* 10.8 
(10.0-11.5)

10.0 
(9.6-10.5) 10.2 (9.1-11.4) 0.30

Green leafy vegetables 0.03* 0.14

  Non-exercisers 10.7 
(10.0-11.3)

10.4 
(10.0-10.8)

10.5 
(9.7-11.3) 0.64 18.7 

(17.2-20.2)
18.4 (17.5-

19.3)
17.9 

(16.2-19.5) 0.54

  Exercisers 13.9 
(13.2-14.7)

12.3 
(11.7-12.8)

12.4 
(11.2-13.6) <0.01* 20.8 (19.3-

22.4)
20.7 (19.8-

21.7)
18.3 

(15.9-20.7) 0.17

Cabbage and Chinese cabbage 0.61 0.61

  Non-exercisers 11.9 
(11.2-12.5)

11.2 
(10.8-11.6)

11.3 
(10.6-12.1) 0.21 16.8 

(15.6-18.0)
15.3 

(14.6-16.1)
15.9 

(14.5-17.2) 0.32

  Exercisers 13.1 
(12.5-13.7)

12.5 
(12.1-12.9)

12.2 
(11.2-13.2) 0.06 17.9 

(16.7-19.2)
16.6 

(15.8-17.4)
16.6 

(14.7-18.5) 0.11

Carrots and pumpkins 0.18 <0.01*
  Non-exercisers 4.6 (4.3-4.8) 4.4 (4.2-4.5) 4.2 (3.9-4.5) 0.09 7.5 (7.0-8.1) 7.4 (7.1-7.7) 7.0 (6.4-7.7) 0.3
  Exercisers 5.0 (4.7-5.2) 5.0 (4.8-5.2) 5.1 (4.6-5.5) 0.72 8.3 (7.7-8.9) 8.2 (7.8-8.6) 8.4 (7.4-9.4) 0.91
Radishes and turnips 0.43 0.1
  Non-exercisers 6.2 (5.8-6.6) 6.1 (5.8-6.3) 5.8 (5.3-6.2) 0.18 10.5 (9.7-11.3) 9.1 (8.6-9.5) 8.9 (8.0-9.8) 0.01*

  Exercisers 6.9 (6.5-7.3) 6.8 (6.6-7.1) 6.9 (6.2-7.5) 0.94 10.3 (9.4-11.1) 10.4 
(9.8-10.9) 10.0 (8.7-11.3) 0.74

Other root vegetables (onions, burdock, lotus root) 0.43 0.02*

  Non-exercisers 249.1 
(235.2-262.9)

232 
(223.1-241.2)

241.0 
(223.8-258.3) 0.31 364.1 

(337.1-391.2)
349.0 

(333.1-364.9)
336.9 

(306.6-367.1) 0.22

  Exercisers 264.7 
(251.4-278.1)

262.2 
(252.4-272.0)

268.6 
(246.7-290.4) 0.90 392.8 

(364.7-420.8)
387.9 

(370.0-405.9)
370.1 

(326.7-413.5) 0.45

Tomatoes, tomato ketchup, boiled tomatoes stewed tomatoes 0.61 0.4
  Non-exercisers 6.4 (6.0-6.9) 5.8 (5.5-6.1) 5.7 (5.1-6.2) 0.03* 8.4 (7.5-9.4) 8.8 (8.2-9.4) 8.4 (7.3-9.5) 0.98
  Exercisers 7.8 (7.2-8.3) 7.1 (6.7-7.5) 6.8 (5.9-7.6) 0.03* 9.7 (8.7-10.7) 9.2 (8.6-9.8) 9.4 (7.9-10.9) 0.66

Table 2 (continued). Interactions between SRPS and Habitual Exercise Level in the Dietary Intake of Food in 
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(g/1000 kcal/
day)

Men (n=5,587) Women (n=2,718)
SRPS

p for 
trend

p for 
int

SRPS
p for 
trend

p for 
intLow2 

(n=1,558)
Moderate2 
(n=3,247)

High2 
(n=782)

Low2 
(n=641)

Moderate2 
(n=1,691)

High2 
(n=386)

Mushrooms 0.06 0.02*

  Non-exercisers 5.0 (4.7-5.3) 4.8 
(4.6-5.0) 4.7 (4.3-5.1) 0.32 8.0 (7.4-8.7) 8.3 (7.9-8.7) 8.9 (8.1-9.6) 0.1

  Exercisers 5.4 (5.0-5.7) 5.5 
(5.3-5.7) 5.8 (5.3-6.3) 0.17 9.6 (8.9-10.3) 9.6 (9.1-10.0) 8.8 (7.8-9.9) 0.35

Seaweeds 0.41 0.04*

  Non-exercisers 5.9 (5.5-6.3) 5.5 
(5.2-5.7) 5.2 (4.7-5.7) 0.04* 8.2 (7.5-9.0) 8.4 (7.9-8.8) 8.0 (7.1-8.9) 0.84

  Exercisers 6.7 (6.3-7.1) 6.5 (6.2-6.8) 6.5 (5.8-7.1) 0.43 9.6 (8.8-10.4) 9.6 (9.1-10.1) 8.9 (7.6-10.1) 0.57
Citrus fruit, including oranges 0.98 0.54

  Non-exercisers 10.0 
(9.0-11.1)

9.9 
(9.2-10.6) 9.5 (8.2-10.8) 0.51 18.3 

(15.9-20.7)
16.2 

(14.8-17.6)
17.1 

(14.5-19.8) 0.38

  Exercisers 11.6 
(10.6-12.6)

11.4 
(10.7-12.1)

10.8 
(9.2-12.5) 0.50 22.0 

(19.3-24.7)
20.7 

(19.0-22.5)
17.3 

(13.1-21.5) 0.08

Strawberries, persimmons, and kiwi fruits 0.40 0.99
  Non-exercisers 5.4 (4.8-6.0) 4.9 (4.5-5.3) 5.4 (4.6-6.1) 0.84 10.0 (8.4-11.6) 9.3 (8.4-10.2) 9.1 (7.3-10.9) 0.4

  Exercisers 6.4 (5.7-7.0) 6.1 (5.6-6.6) 5.6 (4.6-6.7) 0.24 11.6 (9.9-13.2) 10.8 
(9.7-11.9) 9.0 (6.5-11.6) 0.14

Other fruits 0.71 0.47

  Non-exercisers 13.5 
(12.5-14.6)

12.1 
(11.5-12.8)

12.9 
(11.6-14.2) 0.30 23.8 

(21.5-26.1)
22.0 

(20.6-23.4)
21.5 

(18.9-24.1) 0.16

  Exercisers 16.8 
(15.7-17.9)

15.4 
(14.6-16.3)

16.0 
(14.1-17.8) 0.17 25.1 

(22.7-27.5)
25.0 

(23.4-26.5)
24.3 

(20.6-28.0) 0.68

Cakes, cookies, and biscuits 0.86 0.28
  Non-exercisers 3.9 (3.5-4.3) 4.5 (4.2-4.7) 5.1 (4.6-5.5) <0.001* 8.6 (7.8-9.5) 8.6 (8.1-9.0) 8.1 (7.2-9.1) 0.44
  Exercisers 3.9 (3.6-4.3) 4.5 (4.2-4.7) 5.1 (4.5-5.7) <0.001* 7.6 (6.7-8.5) 8.3 (7.7-8.8) 8.7 (7.4-10.0) 0.14
Japanese-style sweets 0.88 0.78
  Non-exercisers 1.4 (1.3-1.6) 1.5 (1.4-1.6) 1.5 (1.3-1.7) 0.36 2.7 (2.4-3.0) 2.7 (2.5-2.9) 2.5 (2.1-2.8) 0.32
  Exercisers 1.5 (1.4-1.7) 1.6 (1.5-1.7) 1.7 (1.4-1.9) 0.42 3.4 (3.0-3.8) 2.8 (2.6-3.1) 3.3 (2.6-3.9) 0.28
Rice crackers, rice cakes, and Japanese-style pancakes 0.51 0.93
  Non-exercisers 2.4 (2.2-2.6) 2.6 (2.4-2.7) 2.7 (2.5-3.0) 0.07 3.8 (3.4-4.3) 3.9 (3.7-4.2) 3.8 (3.3-4.3) 0.87
  Exercisers 2.3 (2.1-2.5) 2.5 (2.4-2.6) 2.8 (2.5-3.1) 0.02* 3.7 (3.2-4.1) 3.8 (3.6-4.1) 4.0 (3.4-4.6) 0.39
Ice cream 0.77 0.23
  Non-exercisers 8.0 (7.1-8.9) 8.2 (7.6-8.7) 8.1 (7.0-9.2) 0.90 10.6 (9.0-12.2) 9.5 (8.5-10.4) 9.6 (7.8-11.4) 0.32
  Exercisers 8.3 (7.4-9.1) 8.4 (7.8-9.0) 8.0 (6.7-9.4) 0.94 7.0 (5.6-8.4) 7.7 (6.8-8.6) 10.2 (8.0-12.4) 0.04*
Mayonnaise and salad dressing 0.31 0.51
  Non-exercisers 2.8 (2.7-3.0) 2.7 (2.6-2.8) 2.7 (2.5-2.9) 0.29 3.3 (3.0-3.5) 3.3 (3.2-3.5) 3.2 (2.9-3.5) 0.73
  Exercisers 2.9 (2.8-3.1) 2.7 (2.6-2.9) 2.7 (2.4-2.9) 0.03* 3.2 (3.0-3.5) 3.3 (3.1-3.4) 3.1 (2.7-3.6) 0.86
Green tea 0.55 0.20

  Non-exercisers 173.5 
(165.5-181.4)

177.3 
(172.1-182.4)

174.7 
(165-184.6) 0.77 206.3 

(193.6-219.0)
219.7 

(212.2-227.1)
233.7 

(219.5-248.0) <0.01*

  Exercisers 183.3 
(176.1-190.5)

181.0 
(175.7-186.2)

194.9 
(183-206.6) 0.26 218.1 

(205.6-230.6)
219.8 

(211.9-227.8)
213.8 

(194.5-233.1) 0.86

Black and oolong tea (including other Chinese tea) 0.10 0.99

  Non-exercisers 38.4 
(33.2-43.7)

38.8 
(35.4-42.2)

40 
(33.5-46.5) 0.71 58.6 

(49.1-68.1)
54.2 

(48.6-59.8)
47.8 

(37.1-58.5) 0.19

  Exercisers 39.7 
(35.2-44.2)

36.2 
(32.9-39.5)

32 
(24.6-39.3) 0.07 50.3 

(41.5-59.2)
49.8 

(44.1-55.4)
55.7 

(42.0-69.4) 0.67

Coffee 0.60 0.13

  Non-exercisers 117.0 
(109.6-124.4)

115.2 
(110.3-120.0)

113.8 
(104.6-123.1) 0.56 92.6 

(82.3-102.8)
93.7 

(87.7-99.8)
86.5 

(75.0-98.1) 0.41

  Exercisers 103.2 
(96.9-109.6)

105.7 
(101.0-110.4)

90.1 
(80.3-101.1) 0.20 98.2 

(88.1-108.2)
98.0 

(91.6-104.5)
93.6 

(78-109.2) 0.77

Soda 0.55 0.09

  Non-exercisers 19.2 
(16.7-21.8)

19.5 (17.9-
21.2)

22 
(18.8-25.1) 0.22 9.7 (7.4-11.9) 10.5 

(9.1-11.8)
7.5 

(5.0-10.0) 0.27

  Exercisers 17.4 
(15.1-19.7)

19.3 (17.6-
21.0)

21.9 
(17.8-25.4) 0.05 10.9 (8.1-13.7) 11.1 

(9.3-12.9)
10.9 

(6.5-15.2) 0.85

Fruit juice and vegetable juice 0.02* 0.45

  Non-exercisers 15.8
 (13.7-18.0)

15.2 (13.8-
16.6)

13.0 
(10.4-15.7) 0.12 12.1 

(9.2-14.9)
14.9 

(13.2-16.5)
15.4 

(12.3-18.6) 0.10

  Exercisers 16.0 
(13.7-18.3)

19.8 
(18.1-21.5)

17 
(13.5-21.1) 0.15 17.3 

(13.6-21.1)
15.7 

(13.3-18.1)
16.2 

(10.3-22.0) 0.53

Sake 0.64 0.57

  Non-exercisers 13.6 
(10.8-16.4)

12.7 
(10.9-14.5)

15.2 
(11.7-18.7) 0.56 1.3 

(-0.3-2.9) 2.0 (1.1-3.0) 3.7 
(2.0-5.5) 0.05

  Exercisers 13.1 
(10.8-15.5)

12.6 
(10.9-14.3)

13.2 
(9.4-17.0) 0.91 2.6 

(1.0-4.1) 1.9 (0.9-2.9) 3.4 
(1.1-5.8) 0.84

Beer 0.15 0.53

  Non-exercisers 122.0 
(112.3-131.7)

109 
(102.2-114.9)

107 
(95.1-119.2) 0.04* 40.1 

(29.6-50.6)
38.0 

(31.8-44.2)
57.7 

(45.9-69.5) 0.06

  Exercisers 110.7 
(102.9-118.5)

108.0 
(102.3-113.7)

113 
(101-126.2) 0.91 40.5 

(30.9-50.1)
44.6 

(38.5-50.8)
40.9 

(26.0-55.8) 0.78

Table 2 (continued). Interactions between SRPS and Habitual Exercise Level in the Dietary Intake of Food in 
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(g/1000 kcal/
day)

Men (n=5,587) Women (n=2,718)
SRPS p for 

trend
p for 
int

SRPS p for 
trend

p for 
intLow2 

(n=1,558)
Moderate2 
(n=3,247)

High2 
(n=782)

Low2 
(n=641)

Moderate2 
(n=1,691)

High2 
(n=386)

Shochu and shochu mixed with water or a carbonated beverage 0.66 0.52

  Non-exercisers 33.4 
(30.1-36.7)

32.4 
(30.2-34.5)

32.0 
(27.9-36.1) 0.59 8.2 

(5.6-10.9)
7.4 

(5.9-9.0)
6.0 

(3.1-9.0) 0.31

  Exercisers 32.7 
(29.8-35.7)

31.2 
(29.1-33.4)

33.4 
(28.6-38.2) 0.72 6.6 

(4.1-9.0)
7.0 

(5.4-8.6)
7.8 

(3.9-11.6) 0.59

Whiskey 0.10 0.54

  Non-exercisers 2.7 
(1.9-3.6)

2.1 
(1.5-2.6)

3.0 
(2.0-4.1) 0.91 0.2 

(-0.3-0.7)
0.4 

(0.1-0.7)
0.1 

(-0.4-0.7) 0.93

  Exercisers 3.0 
(2.3-3.7)

2.2 
(1.6-2.7) 1.6 (0.4-2.7) 0.01* 0.4 

(-0.1-0.9) 0.4 (0.1-0.7) 0 (-0.7-0.8) 0.45

Wine 0.48 0.03*

  Non-exercisers 2.3 
(1.2-3.4)

3.4 
(2.6-4.1)

4.4 
(3.0-5.8) 0.02* 6.0 

(3.6-8.3)
5.0 

(3.6-6.4)
6.6 

(4.0-9.3) 0.71

  Exercisers 4.2 (2.8-5.6) 5.3 (4.2-6.3) 4.5 
(2.2-6.9) 0.51 8.7 

(6.3-11.1)
4.6 

(3.1-6.2) 4.4 (0.7-8.1) 0.01*

16��QRW�VLJQLÀFDQW��6536��VHOI�UHSRUWHG�SV\FKRORJLFDO�VWUHVV� *p<0.05; 1Multi-adjusted linear regression analyses were adjusted for age, body mass 
index, exercise, smoking, energy, alcohol intake, history of disease (hypertension and diabetes mellitus) and sleeping time. Drinking, exercise and 
history of disease were assumed to be dichotomous variables (non-drinker, non-exercisers or no history of hypertension or diabetes mellitus=0; 
drinker, habitual exercisers or having a history of hypertension or diabetes mellitus=1). SRPS levels and smoking were assumed to be a trichotomous 
variable (low or never=0; moderate or past=1; high or current=2). Dietary intake of 58 food items was estimated from a food frequency questionnaire; 
2Values are shown as the adjusted means (standard error); 3Non-exercisers (men=2,918 ; women=1,485); 4Exercisers (men= 2,669; women=1,233).

Table 2 (continued). Interactions between SRPS and Habitual Exercise Level in the Dietary Intake of Food in 

Middle-Aged Japanese Men And Women1

Table 3. Interactions between SRPS and Habitual Exercise Level in the Dietary Intake of Energy and Food Types 

in Middle-aged Japanese men and Women1

(g or mg/1000kcal/
day)

Men (n=5,587) Women (n=2,718)
SRPS

p for 
trend

p for 
int

SRPS
p for 
trend

p for 
intLow2 

(n=1,558)
Moderate2 
(n=3,247)

High2 
(n=782)

Low2 
(n=641)

Moderate2 
(n=1,691)

High2 
(n=386)

Energya 0.47 0.64

  Non-exercisers3 2088 
(2054-2122)

2136 
(2113-2158)

2134 
(2091-2176) 0.66 1570 

(1535-1605)
1588 

(1567-1608)
1597 

(1558-1636) 0.27 

  Exercisers4 2166 (2134-
2198)

2180 
(2156-2204)

2176 
(2124-2229) 0.06 1597 

(1561-1632)
1603 

(1580-1626)
1579 

(1524-1634) 0.69 

Protein 0.36 0.09

  Non-exercisers 29.3 
(29.0-29.6)

29.6 
(29.4-29.8)

29.4 
(29.0-29.8) 0.43 32.7 

(32.3-33.2)
33.0 

(32.7-33.3)
33.2 

(32.6-33.7) 0.22 

  Exercisers 30.4 
(30.1-30.7)

30.3 (30.1-
30.6)

30.2 
(29.7-30.6) 0.63 34.1 

(33.6-34.7)
33.9 

(33.6-34.2)
33.0 

(32.2-33.8) 0.03*

Animal Protein 0.50 0.51

  Non-exercisers 14.3 
(14.0-14.7)

14.6 
(14.4-14.9)

14.5 
(14.1-14.9) 0.88 16.3 

(15.8-16.9)
16.6 

(16.3-16.9)
16.7 

(16.1-17.3) 0.36 

  Exercisers 15.2 
(14.9-15.5)

15.3 
(15.0-15.5)

15.1 
(14.6-15.6) 0.40 17.5 

(17.0-18.1)
17.2 

(16.9-17.6)
16.5 

(15.6-17.3) 0.03*

Vegetable Protein 0.73 0.01*

  Non-exercisers 15.0 
(14.9-15.1)

14.9 
(14.8-15.0)

14.9 
(14.8-15.1) 0.37 16.4 

(16.2-16.6)
16.4 

(16.3-16.5)
16.4 

(16.2-16.7) 0.73 

  Exercisers 15.2 
(15.1-15.3)

15.1 
(15.0-15.2)

15.1 
(14.9-15.3) 0.22 16.6 

(16.4-16.8)
16.7 

(16.5-16.8)
16.6 

(16.2-16.9) 0.07 

Fat 0.16 0.77

  Non-exercisers 23.1 
(22.7-23.5)

23.2 
(22.9-23.5)

23.6 
(23.1-24.1) 0.12 28.3 

(27.7-28.9)
28.4 

(28.0-28.7)
28.1 

(27.5-28.8) 0.74 

  Exercisers 24.1 
(23.8-24.5)

24.0 
(23.8-24.3)

24.0 
(23.4-24.6) 0.63 28.8 

(28.2-29.4)
28.7 

(28.3-29.1)
27.7 

(26.8-28.6) 0.09 

Animal Fat 0.11 0.41

  Non-exercisers 10.0 
(9.8-10.3)

10.3 
(10.1-10.4)

10.4 
(10.1-10.7) 0.05 12.0 

(11.6-12.4)
12.1 

(11.9-12.4)
12.0 

(11.6-12.5) 0.94 

  Exercisers 10.6 
(10.4-10.9)

10.6 
(10.5-10.8)

10.5 
(10.1-10.9) 0.71 12.4 

(12.0-12.8)
12.2 (11.9-

12.4)
11.7 

(11.1-12.4) 0.07 

Vegetable Fat 0.55 0.31

  Non-exercisers 13.0 
(12.8-13.3)

12.9 
(12.8-13.1)

13.2 
(12.9-13.5) 0.54 16.3 

(15.9-16.7)
16.2 

(16.0-16.5)
16.1 

(15.6-16.5) 0.41 

  Exercisers 13.5 
(13.2-13.7)

13.4 
(13.2-13.6)

13.5 
(13.1-13.9) 0.77 16.4 

(16.0-16.9)
16.5 

(16.2-16.8)
16.0 

(15.3-16.7) 0.46 

Carbohydrate 0.16 0.82

  Non-exercisers 138.3 
(137.2-139.4)

137.7 
(137.0-138.4)

136.9 
(135.6-
138.3)

0.13 143.1 
(141.5-144.6)

142.6 
(141.7-143.5)

143.0 
(141.3-144.7) 0.84 

  Exercisers 135.7 
(134.7-136.6)

135.9 (135.2-
136.6)

136.1 
(134.5-
137.7)

0.59 141.1 (139.6-
142.6)

141.6 (140.6-
142.5)

144.3 (141.9-
146.6) 0.05 
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Table 3 (continued). Interactions between SRPS and Habitual Exercise Level in the Dietary Intake of Energy 

and Food Types in Middle-aged Japanese men and Women1

(g/1000 kcal/
day)

Men (n=5,587) Women (n=2,718)
SRPS p for 

trend
p for 
int

SRPS p for 
trend

p for 
intLow2 

(n=1,558)
Moderate2 
(n=3,247)

High2 
(n=782)

Low2 
(n=641)

Moderate2 
(n=1,691)

High2 
(n=386)

Alcohol 0.98 0.10 

  Non-exercisers 15.6 
(14.7-16.5)

14.6 
(14.0-15.2)

15.2 
(14.0-16.3) 0.39 4.3 (3.5-5.1) 4.1 (3.6-4.6) 4.7 (3.8-5.7) 0.50 

  Exercisers 15.2 
(14.4-16.0)

14.5 
(13.9-15.1)

15.0 
(13.7-16.3) 0.45 4.4 (3.6-5.1) 4.2 (3.7-4.7) 4.3 (3.1-5.4) 0.74 

SFA 0.10 0.86

  Non-exercisers 5.5 
(5.4-5.6)

5.6 
(5.5-5.7)

5.7 
(5.6-5.9) 0.03* 7.0 (6.8-7.2) 7.1 (7.0-7.2) 7.0 (6.8-7.2) 0.99 

  Exercisers 5.8 
(5.7-5.9)

5.8 
(5.7-5.9)

5.8 
(5.6-6.0) 0.85 7.1 (6.9-7.2) 7.1 (6.9-7.2) 7.0 (6.7-7.2) 0.48 

MUFA 0.19 0.75

  Non-exercisers 8.2 
(8.0-8.4)

8.2 
(8.1-8.3)

8.4 
(8.2-8.6) 0.12 10.0 (

9.8-10.2)
10.0 

(9.9-10.1) 9.9 (9.7-10.2) 0.62 

  Exercisers 8.5 
(8.4-8.6)

8.5 
(8.4-8.6)

8.5 
(8.2-8.7) 0.74 10.1 

(9.9-10.4)
10.1 

(9.9-10.2) 9.7 (9.4-10.1) 0.07 

PUFA 0.40 0.51

  Non-exercisers 6.3 
(6.2-6.4)

6.3 
(6.2-6.4)

6.4 
(6.2-6.5) 0.61 7.5 (7.3-7.7) 7.5 (7.4-7.6) 7.4 (7.2-7.6) 0.73 

  Exercisers 6.6 
(6.5-6.7)

6.5 
(6.5-6.6)

6.5 
(6.3-6.7) 0.44 7.7 (7.5-7.9) 7.7 (7.5-7.8) 7.3 (7.0-7.6) 0.06 

n-3 PUFA 0.32 0.47

  Non-exercisers 1.3 
(1.3-1.3)

1.3 
(1.3-1.3)

1.3 
(1.3-1.4) 0.62 1.5 (1.5-1.6) 1.5 (1.5-1.6) 1.5 (1.5-1.6) 0.60 

  Exercisers 1.4 
(1.4-1.4)

1.4 
(1.3-1.4)

1.4 
(1.3-1.4) 0.42 1.6 (1.6-1.6) 1.6 (1.6-1.6) 1.5 (1.4-1.6) 0.10 

n-6 PUFA 0.49 0.85

  Non-exercisers 5.3 
(5.2-5.4)

5.3 
(5.2-5.3)

5.3 
(5.2-5.5) 0.78 6.3 (6.2-6.5) 6.3 (6.2-6.4) 6.3 (6.1-6.4) 0.58 

  Exercisers 5.5 
(5.4-5.6)

5.5 
(5.4-5.5)

5.4 
(5.3-5.6) 0.48 6.5 (6.3-6.6) 6.4 (6.3-6.5) 6.1 (5.9-6.4) 0.06 

n-6 PUFA/n-3 PUFA 0.80 0.24

  Non-exercisers 4.2 
(4.1-4.2)

4.2 
(4.2-4.2)

4.2 
(4.1-4.2) 0.83 4.2 (4.1-4.3) 4.2 (4.2-4.2) 4.2 (4.1-4.3) 0.77 

  Exercisers 4.1 
(4.0-4.1)

4.1 
(4.1-4.1)

4.0 
(4.0-4.1) 0.71 4.1 (4.1-4.2) 4.1 (4.0-4.1) 4.1 (4.0-4.3) 0.84 

Cholesterol 0.54 0.36

  Non-exercisers 134 
(130-138)

135 
(133-137)

137 
(132-142) 0.27 156 

(151-162) 157 (154-161) 158 (152-
164) 0.69 

  Exercisers 138 
(135-142)

140 
(138-143)

139 
(131-143) 0.97 164 

(158-169) 160 (156-163) 161 (152-
170) 0.29 

6ROXEOH�GLHWDU\�ÀEHU 0.37 
  Non-exercisers 1.1 (1.1-1.1) 1.1 (1.1-1.1) 1.1 (1.1-1.1) 0.95 1.4 (1.4-1.5) 1.4 (1.4-1.5) 1.4 (1.4-1.5) 0.87 
  Exercisers 1.2 (1.2-1.2) 1.2 (1.2-1.2) 1.2 (1.2-1.2) 0.28 1.6 (1.5-1.6) 1.6 (1.5-1.6) 1.5 (1.4-1.6) 0.15 
,QVROXEOH�GLHWDU\�ÀEHU 0.16 <0.01*
  Non-exercisers 3.5 (3.5-3.6) 3.5 (3.4-3.5) 3.5 (3.4-3.6) 0.27 4.4 (4.3-4.5) 4.3 (4.3-4.4) 4.3 (4.2-4.5) 0.35 
  Exercisers 3.8 (3.8-3.9) 3.7 (3.7-3.8) 3.7 (3.6-3.8) <0.01* 4.7 (4.6-4.8) 4.6 (4.6-4.7) 4.5 (4.3-4.6) 0.09 
7RWDO�GLHWDU\�ÀEHU 0.28 0.001*
  Non-exercisers 4.8 (4.7-4.9) 4.7 (4.7-4.8) 4.7 (4.6-4.9) 0.31 6.1 (6.0-6.3) 6.0 (5.9-6.1) 6.0 (5.9-6.2) 0.47 
  Exercisers 5.2 (5.1-5.3) 5.1 (5.0-5.2) 5.1 (4.9-5.2) 0.02* 6.6 (6.4-6.7) 6.5 (6.4-6.6) 6.2 (6.0-6.5) 0.10 
Daizein 0.83 0.04*
  Non-exercisers 4.3 (4.1-4.5) 4.2 (4.1-4.3) 4.2 (3.9-4.4) 0.33 5.6 (5.2-5.9) 5.5 (5.3-5.7) 5.7 (5.3-6.1) 0.75 
  Exercisers 5.1 (4.9-5.3) 5.0 (4.9-5.2) 5.0 (4.6-5.3) 0.40 6.3 (5.9-6.6) 6.2 (5.9-6.4) 5.8 (5.3-6.4) 0.26 
Genistein 0.83 0.04*
  Non-exercisers 7.3 (7.0-7.7) 7.1 (6.9-7.4) 7.1 (6.6-7.5) 0.33 9.5 (8.9-10.1) 9.4 (9.0-9.7) 9.6 (8.9-10.3) 0.75 

  Exercisers 8.7 (8.3-9.0) 8.5 (8.3-8.8) 8.4 (7.8-9.0) 0.40 10.6 
(10.0-11.2)

10.4 
(10.0-10.8) 9.9 (8.9-10.9) 0.25 

Retinolb 0.99 0.29

  Non-exercisers 179 (169-188) 178 (172-185) 167 (155-
179) 0.18 186 (171-

200) 190 (181-198) 196 
(180-212) 0.40 

  Exercisers 192 (183-202) 190 (184-197) 180 (165-
195) 0.23 194 (180-

207) 196 (187-204) 198 
(178-219) 0.77 

Caroteneb 0.43 0.01*

  Non-exercisers 966 
(926-1007) 938 (912-965) 926 (875-

976) 0.23 1512 
(1429-1597)

1483 
(1434-1532)

1451 
(1357-1545) 0.34 

  Exercisers 1138 
(1095-1180)

1084 
(1053-1115)

1072 
(1003-1141) 0.05 1680 (1586-

1774)
1661 

(1601-1721)
1573 

(1428-1718) 0.25 

Retinol equivalentb 0.66 0.01*

  Non-exercisers 338 (326-351) 333.4 
(326-342)

320 (305-
336) 0.10 436 (416-

457) 435 (423-447) 436 
(413-459) 0.92 

  Exercisers 381 (369-393) 370 (361-379) 358 (338-
377) 0.04* 472 (451-

493) 471 (457-484) 459 
(426-491) 0.51 
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(g or mg/1000kcal/
day)

Men (n=5,587) Women (n=2,718)
SRPS p for 

trend
p for 
int

SRPS p for 
trend

p for 
intLow2 

(n=1,558)
Moderate2 
(n=3,247)

High2 
(n=782)

Low2 
(n=641)

Moderate2 
(n=1,691)

High2 
(n=386)

Vitamin Db 0.34 0.19
  Non-exercisers 3.8 (3.7-4.0) 3.9 (3.8-4.0) 3.9 (3.7-4.1) 0.60 4.3 (4.1-4.5) 4.3 (4.2-4.4) 4.4 (4.2-4.7) 0.65 
  Exercisers 4.3 (4.1-4.4) 4.2 (4.1-4.4) 4.2 (3.9-4.4) 0.46 4.8 (4.5-5.0) 4.7 (4.6-4.9) 4.5 (4.1-4.9) 0.20 
Vitamin E 0.42 0.18
  Non-exercisers 3.6 (3.6-3.7) 3.6 (3.6-3.7) 3.6 (3.5-3.7) 0.86 4.5 (4.4-4.7) 4.5 (4.5-4.6) 4.5 (4.4-4.6) 0.50 
  Exercisers 3.9 (3.8-3.9) 3.8 (3.8-3.9) 3.8 (3.7-3.9) 0.23 4.7 (4.6-4.9) 4.7 (4.6-4.8) 4.5 (4.3-4.7) 0.03*
Vitamin Kb 0.34 0.10 

  Non-exercisers 169 (164-174) 168 (164-171) 168 
(161-175) 0.71 221 

(212-230) 223 (217-228) 229 
(219-240) 0.25 

  Exercisers 199 (193-204) 190 (185-194) 195 
(186-205) 0.17 243 

(232-253) 242 (235-248) 226 
(211-241) 0.15 

Vitamin B1 0.45 0.13

  Non-exercisers 0.30 
(0.30-0.31)

0.31 
(0.30-0.31)

0.30 
(0.30-0.30) 0.87 0.38 

(0.37-0.38)
0.38 

(0.37-0.38)
0.38 

(0.37-0.39) 0.70 

  Exercisers 0.32 
(0.32-0.33)

0.32 
(0.32-0.32)

0.32 
(0.31-0.32) 0.30 0.40 

(0.39-0.41)
0.39 

(0.39-0.40)
0.38 

(0.37-0.39) <0.001*

Vitamin B2 0.67 0.02*

  Non-exercisers 0.55 
(0.54-0.56)

0.55 
(0.54-0.55)

0.54 
(0.53-0.55) 0.57 0.64 

(0.63-0.66)
0.66 

(0.65-0.66)
0.67 

(0.65-0.68) 0.03*

  Exercisers 0.59 
(0.58-0.60)

0.58 
(0.58-0.59)

0.58 
(0.57-0.60) 0.28 0.69 

(0.68-0.71)
0.69 

(0.68-0.70)
0.67 

(0.65-0.69) 0.16 

Niacin 0.70 0.19
  Non-exercisers 7.6 (7.5-7.8) 7.6 (7.5-7.7) 7.5 (7.4-7.7) 0.37 7.8 (7.6-8.0) 7.9 (7.8-8.0) 8.0 (7.8-8.2) 0.15 
  Exercisers 7.8 (7.6-7.9) 7.8 (7.7-7.9) 7.7 (7.5-7.9) 0.71 8.2 (8.0-8.4) 8.2 (8.1-8.4) 7.8 (7.5-8.1) 0.07 
Vitamin B6 0.87 0.06

  Non-exercisers 0.51 (0.50-
0.52)

0.51 
(0.50-0.51)

0.50 
(0.49-0.52) 0.27 0.57 

(0.56-0.59)
0.57 

(0.56-0.58)
0.58 

(0.57-0.60) 0.44 

  Exercisers 0.54 (0.54-
0.55)

0.54 
(0.53-0.54)

0.54 
(0.53-0.55) 0.39 0.61 

(0.60-0.62)
0.61 

(0.60-0.62)
0.58 

(0.56-0.60) 0.02*

Vitamin B12b 0.95 0.20 
  Non-exercisers 3.4 (3.3-3.5) 3.5 (3.4-3.6) 3.3 (3.2-3.5) 0.79 3.5 (3.3-3.7) 3.5 (3.4-3.6) 3.6 (3.4-3.8) 0.45 
  Exercisers 3.7 (3.6-3.8) 3.7 (3.6-3.8) 3.6 (3.4-3.8) 0.72 3.7 (3.5-3.9) 3.8 (3.7-3.9) 3.6 (3.4-3.9) 0.79 
Folateb 0.66 0.14

  Non-exercisers 138 (135-141) 136 (135-138) 134 
(130-137) 0.07 169 

(164-174) 169 (166-172) 173
(167-178) 0.34 

  Exercisers 151 (148-153) 146 (144-148) 146 
(141-150) 0.02* 181 

(176-186) 180 (176-183) 173 
(165-180) 0.09 

Pantothenic acid 0.92 <0.01*
  Non-exercisers 2.7 (2.7-2.7) 2.7 (2.7-2.7) 2.7 (2.6-2.7) 0.19 3.1 (3.1-3.2) 3.1 (3.1-3.2) 3.2 (3.1-3.2) 0.08 
  Exercisers 2.9 (2.8-2.9) 2.9 (2.8-2.9) 2.8 (2.8-2.9) 0.21 3.3 (3.2-3.4) 3.3 (3.2-3.3) 3.2 (3.1-3.3) 0.05 
Vitamin C 0.99 0.36
  Non-exercisers 41 (40-42) 40 (39-41) 40 (38-41) 0.16 58 (55-60) 57 (56-58) 58 (55-61) 0.87 
  Exercisers 46 (45-47) 45 (44-46) 45 (43-47) 0.20 65 (62-67) 62 (61-64) 58 (54-62) <0.01*
Sodium 0.06 0.07

  Non-exercisers 1896 
(1869-1923)

1929 
(1911-1947)

1916 
(1882-1950) 0.25 2089 

(2048-2130)
2095 

(2071-2119)
2101 

(2055-2148) 0.65 

  Exercisers 1945 
(1920-1970)

1934 
(1916-1952)

1905 
(1864-1945) 0.13 2148 

(2105-2190)
2156 

(2129-2184)
2104 

(2039-2170) 0.48 

Potassium 0.73 <0.01*

  Non-exercisers 943 (928-959) 931 (921-941) 922 
(903-942) 0.09 1151 (1124-

1177)
1149 

(1134-1165)
1157 

(1127-1187) 0.76 

  Exercisers 1018 
(1003-1033)

1004 
(993-1015)

990 
(965-1015) 0.05 1251 (1223-

1279)
1231 

(1213-1248)
1178 

(1135-1221)
<0.01

*
Calcium 0.27 0.001*

  Non-exercisers 176 (172-181) 175 (172-178) 175 
(169-180) 0.58 225 

(217-232) 229 (224-233) 230 
(222-238) 0.32 

  Exercisers 199 (194-203) 194 (190-197) 193 
(186-200) 0.07 250 

(242-258) 245 (240-250) 242 
(229-254) 0.20 

Magnesium 0.60 0.001*

  Non-exercisers 107 (105-108) 106 (105-107) 105 
(103-106) 0.09 118 

(116-120) 118 (116-119) 119 
(117-122) 0.29 

  Exercisers 113 (111-114) 111 (110-112) 110 
(108-112) 0.03* 126 

(124-128) 125 (123-126) 121 
(117-124) 0.03*

Phosphorus 0.37 <0.01*

  Non-exercisers 426 (421-431) 427 (423-430) 424 
(418-430) 0.80 477 

(470-485) 482 (478-487) 487 
(478-495) 0.10 

  Exercisers 448 (443-453) 446 (442-449) 442 (
434-450) 0.16 507 

(499-515) 501 (496-506) 491 
(479-503) 0.03*

Iron 0.24 0.04*
  Non-exercisers 3.1 (3.0-3.1) 3.1 (3.1-3.1) 3.1 (3.0-3.1) 0.79 3.7 (3.6-3.8) 3.7 (3.7-3.8) 3.8 (3.7-3.8) 0.35 
  Exercisers 3.3 (3.3-3.3) 3.3 (3.2-3.3) 3.2 (3.2-3.3) 0.16 3.9 (3.9-4.0) 3.9 (3.8-3.9) 3.8 (3.6-3.9) 0.02*

Table 3 (continued). Interactions between SRPS and Habitual Exercise Level in the Dietary Intake of Energy 

and Food Types in Middle-aged Japanese men and Women1
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the dietary intake of “cakes, cookies, and biscuits”, and 
“rice crackers, rice cakes, and Japanese-style pancakes” 
and negatively associated with the dietary intake of 
“raw vegetables used in salad”, green leafy vegetables, 
“tomatoes, tomato ketchup, boiled tomatoes, and stewed 
tomatoes”, “mayonnaise and salad dressing”, and whiskey 
�S�IRU�WUHQG�������IRU�DOO���,Q�PHQ��VLJQLÀFDQW�LQWHUDFWLRQV�
were found between SRPS levels and habitual exercise 
in the intake of “raw vegetables used in salad (cabbage 
and lettuce)”, green leafy vegetables, and “fruit juice and 
vegetable juice” (p for interaction <0.05 for all). In female 
non-exercisers, SRPS was positively associated with the 
dietary intake of green tea and negatively associated with 
the dietary intake of “radishes and turnips”. In female 
exercisers, SRPS was positively associated with the 
dietary intake of ice cream and negatively associated with 
“pork and beef”, “ham, sausages, and bacon”, canned 
WXQD��DQG�ZLQH��,Q�ZRPHQ��VLJQLÀFDQW�LQWHUDFWLRQV�ZHUH�
found between SRPS levels and habitual exercise in the 
intake of “pork and beef”, “low fat milk and yogurt”, 
natto (fermented soybean), “carrot and squash”, other root 
vegetables (onions, burdock, and lotus root), mushrooms, 
seaweeds, and wine (p for interaction <0.05 for all).

Regarding the dietary intake of nutrients, Table 3 
VKRZV� WKH� VLJQLÀFDQW� LQWHUDFWLRQV� EHWZHHQ�6536� DQG�
habitual exercise levels among middle-aged Japanese men 
and women. In male non-exercisers, SRPS was positively 
associated with the dietary intake of saturated fatty acids 
and negatively associated with the dietary intake of copper. 
In male exercisers, SRPS was negatively associated with 
WKH�GLHWDU\�LQWDNH�RI�LQVROXEOH�DQG�WRWDO�GLHWDU\�ÀEHU��UHWLQRO�
HTXLYDOHQW��IRODWH��DQG�PDJQHVLXP��,Q�PHQ��QR�VLJQLÀFDQW�
interactions were found between SRPS levels and habitual 
exercise in the dietary intake of any nutrients. In female 
non-exercisers, SRPS was positively associated with 
vitamin B2. In female exercisers, SRPS was negatively 
associated with protein, animal protein, vitamins E, B1, 
B6, and C, potassium, magnesium, phosphorus, iron, and 

]LQF��S�IRU�LQWHUDFWLRQ�������IRU�DOO���,Q�ZRPHQ��VLJQLÀFDQW�
interactions were found between SRPS levels and habitual 
exercise in the intake of vegetable protein, soluble, 
LQVROXEOH�� DQG� WRWDO� GLHWDU\� ÀEHU�� GDLG]HLQ�� JHQLVWHLQ��
carotene, retinol equivalent, vitamin B2, pantothenic acid, 
potassium, calcium, magnesium, phosphorus, and iron (p 
for interaction <0.05 for all).

Discussion

,Q�WKH�SUHVHQW�VWXG\��ZH�IRXQG�VLJQLÀFDQW�LQWHUDFWLRQV�
between SRPS levels and habitual exercise on the dietary 
intake of “pork and beef”, “low fat milk and yogurt”, 
natto (fermented soybean), “carrot and squash”, other root 
vegetables (onions, burdock, and lotus root), mushrooms, 
seaweeds, wine, vegetable protein, soluble, insoluble, and 
WRWDO�GLHWDU\�ÀEHU��GDLG]HLQ��JHQLVWHLQ�� FDURWHQH�� UHWLQRO�
equivalent, vitamin B2, pantothenic acid, potassium, 
calcium, magnesium, phosphorus, and iron in women. 
,Q�PHQ��ZH�IRXQG�VLJQLÀFDQW�LQWHUDFWLRQV�EHWZHHQ�6536�
levels and habitual exercise on the dietary intake of “raw 
vegetables used in salad (cabbage and lettuce)”, green 
leafy vegetables, and “fruit juice and vegetable juice”.

� ,Q� WKH� SUHVHQW� VWXG\�� D� VLJQLÀFDQW� LQWHUDFWLRQ�
was observed between SRPS and habitual exercise on 
WKH� GLHWDU\� LQWDNH� RI� �� YHJHWDEOHV�� GLHWDU\� ÀEHUV�� VR\�
EHDQ�SURGXFWV�DQG�LVRÁDYRQHV����YLWDPLQV��DQG���PLQHUDOV�
in women. This suggests that both SRPS and habitual 
exercise are possible factors that mediate the dietary intake 
of food and nutrients in women. It also implies that studies 
of the dietary intake of food and nutrients should analyze 
SRPS and habitual exercise concurrently. Consumption of 
vegetables and fruits and the related nutrients decreases 
the risk of cancer (World Cancer Research Fund American 
Institute for Cancer Research, 2007). If both PS and 
habitual exercise change the dietary intake of vegetables, 
fruits, and the related vitamins and minerals, the risk 
of cancer might be modulated by both PS and habitual 

Table 3 (continued). Interactions between SRPS and Habitual Exercise Level in the Dietary Intake of Energy 

and Food Types in Middle-aged Japanese men and Women1

(g or mg/1000kcal/
day)

Men (n=5,587) Women (n=2,718)
SRPS p for 

trend
p for 
int

SRPS p for 
trend

p for 
intLow2 

(n=1,558)
Moderate2 
(n=3,247)

High2 
(n=782)

Low2 
(n=641)

Moderate2 
(n=1,691)

High2 
(n=386)

Zinc 0.58 0.84
  Non-exercisers 3.6 (3.6-3.7) 3.7 (3.6-3.7) 3.6 (3.6-3.7) 0.86 4.1 (4.0-4.1) 4.1 (4.1-4.1) 4.1 (4.1-4.2) 0.29 
  Exercisers 3.7 (3.7-3.7) 3.7 (3.7-3.7) 3.7 (3.7-3.7) 0.58 4.2 (4.1-4.2) 4.1 (4.1-4.2) 4.1 (4.0-4.2) 0.01*
Copper 0.85 0.08

  Non-exercisers 0.56 
(0.55-0.56)

0.56 
(0.55-0.56)

0.55 
(0.54-0.56) 0.04* 0.62 

(0.61-0.63)
0.62 (0.61-

0.62)
0.62 

(0.61-0.63) 0.33 

  Exercisers 0.58 
(0.57-0.58)

0.58 
(0.57-0.58)

0.57 
(0.56-0.58) 0.12 0.63 

(0.62-0.64)
0.63 (0.63-

0.64)
0.63 

(0.61-0.64) 0.50 

Manganese 0.84 0.21

  Non-exercisers 1.87 
(1.84-1.90)

1.88 
(1.86-1.90)

1.87 
(1.83-1.91) 0.87 2.07 

(2.02-2.11)
2.09 

(2.06-2.12)
2.13 

(2.07-2.18) 0.07 

  Exercisers 1.90 
(1.87-1.93)

1.88 
(1.86-1.90)

1.91 
(1.86-1.95) 0.81 2.08 

(2.04-2.13)
2.08 

(2.05-2.11)
2.09 

(2.02-2.16) 0.87 

16��QRW� VLJQLÀFDQW�� 6536�� VHOI�UHSRUWHG�SV\FKRORJLFDO� VWUHVV�� LQW�� LQWHUDFWLRQ��6)$��6DWXUDWHG� IDWW\� DFLG��08)$��0RQRXQVDWXUDWHG� IDWW\� DFLG��
PUFA;polyunsaturated fatty acid; *p<0.05; 1Multi-adjusted linear regression analyses were adjusted for age, body mass index, exercise, smoking, 
energy, alcohol intake, history of disease (hypertension and diabetes mellitus) and sleeping time. Drinking, exercise and history of disease were 
assumed to be dichotomous variables (non-drinker, non-exercisers or no history of hypertension or diabetes mellitus=0; drinker, habitual exercisers 
or having a history of hypertension or diabetes mellitus=1). SRPS levels and smoking were assumed to be a trichotomous variable (low or never=0; 
moderate or past=1; high or current=2). Dietary intake of 58 food items was estimated from a food frequency questionnaire; 2Values are shown as the 
adjusted means (standard error); 3Non-exercisers (men=2,918 ; women=1,485); 4Exercisers (men= 2,669;  women=1,233); akcal/day, bug/1,000kcal
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exercise. Elucidating the possible factors that change the 
dietary intake of food and nutrients is important for cancer 
prevention, because approximately 30% of cancer cases 
are linked to diet (Harvard Center for Cancer Prevention, 
�������7KLV�LV�WKH�ÀUVW�VWXG\�WR�H[DPLQH�WKH�LQWHUDFWLRQ�
between PS and habitual exercise on the dietary intake 
of food and nutrients. Our study results are useful for 
investigating the association between diet and cancer risk. 
Further studies using a prospective design are warranted, 
as our study was conducted using a cross-sectional design.

In the present study, interactions between SRPS and 
habitual exercise on the dietary intake of 8 foods and 15 
nutrients were found in women. However, interactions 
between SRPS and habitual exercise were found in the 
dietary intake of only 3 foods in men. These gender 
differences could be explained by several factors. The 
sensitivity to PS differs between men and women (Young 
and Korszun, 2010). Overall, men are more physically 
active (Zitouni and Guinhouya, 2012; Peer et al., 2013). 
The dietary intake of food and nutrients differs among 
men and women (Iso et al., 2005). Therefore, gender 
differences in PS, exercise, and diet might be some of 
the reasons that different results were observed in men 
and women in the present study. Further studies of other 
HWKQLF�JURXSV�DUH�QHHGHG�WR�FRQÀUP�RXU�UHVXOWV�

 Perimenopausal women may have physical 
symptoms, such as hot flashes and tachycardia, and 
psychological manifestations, such as depression (Soares, 
2013). Genistein, one of the isoflavones, improved 
depressive symptoms (Atteritano et al., 2014). In the 
SUHVHQW� VWXG\�� VLJQLÀFDQW� LQWHUDFWLRQV� EHWZHHQ� 6536�
and habitual exercise on the dietary intake of genistein, 
daidzein, and natto (fermented soy bean) were found in 
women. Our results imply that both SRPS and habitual 
H[HUFLVH�DIIHFW�WKH�GLHWDU\�LQWDNH�RI�LVRÁDYRQHV�DQG�VR\�
EHDQ� SURGXFWV��7KH� GLHWDU\� LQWDNH� RI� LVRÁDYRQHV� DQG�
soy bean products by perimenopausal women should 
be examined in the context of PS and habitual exercise. 
However, further studies are needed because this study 
was conducted using a cross-sectional design.

This study has several limitations. First, we did not 
determine the type, intensity, frequency, and duration 
of habitual exercise. However, in a large-scale study, 
physical activity levels assessed using a single item 
question could be used to properly classify the subjects 
(Sternfeld et al., 2000). Second, PS was assessed by 
self-report. An unhealthy lifestyle, including physical 
inactivity, drinking, smoking, and being overweight, is 
associated with PS (Heikkila et al., 2013). Previously, we 
DVVHVVHG�36�E\�VHOI�UHSRUW�DQG�YHULÀHG�LWV�DVVRFLDWLRQ�ZLWK�
drinking (Endoh et al., 2015b). Therefore, we believe that 
our SRPS accurately measures PS. Third, the cause and 
effect relationship across PS, habitual exercise, and diet 
was not elucidated because of the study design. Fourth, 
PS is associated with socioeconomic status (Lorant et 
al., 2003) but we did not collect this information from 
the study subjects. 

We demonstrated a synergic effect of SRPS and 
habitual exercise on the dietary intake of food and nutrients 
related to vegetables which a have protective effect against 
cancer, especially in women. Our study results are useful 

for cancer research. Further studies are needed to better 
understand the role of PS, exercise, and dietary intake in 
cancer prevention.
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