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‘Table 1 Baseline characteristics of study subjects (n = 17,590)

Total HCV-antibody ~ HCV-antibody positive HCV-antibody HCV-antibody
subjects  and HBsAg and HBsAg negative negative and HBsAg and HBsAg positive
negative subjects subjects positive subjects subjects
Number of subjects 17,590 16,213 939 419 19
Total person-years 222.800.6  206,239.1 11,0329 5,306.3 2223
Age (mean) 57.0 56.9 59.4 55.6 56.6
Men (%) 34.6 34.0 423 42.0 316
Smoking status (%)
Never 71.4 72.2 58.4 69.5 68.4
Past 11.5 113 15.1 117 53
Current 17.1 16.5 20.5 189 26.3
Wecekly ethanol intake (%)
Past 20 1.8 6.0 1.7 63.2
Never 61.6 62.0 554 59.0 53
<weekly 6.3 63 6.2 6.9 10.5
<150 g per week 15.1 149 17.9 14.8 10.5
150 to <300 g per week 8.1 8.1 8.9 7.6 10.5
2300 g per week 6.9 6.9 5.6 10.0 0.0
Coffee intake (%)
Almost never 332 kXN 35.7 31.0 3t.6
-2 days per week 19.8 19.7 211 18.8 10.5
3-4 days per week 10.7 10.6 109 14.1 5.3
[-2 cups per day 27.5 2717 24.6 24.6 42.1
3-4 cups per day 7.1 7.1 0.2 9.1 1.5
=35 cups per day 1.8 1.8 1.6 24 0.0
Serum total cholesterol (ing/dl) 203.4 204.5 190.0 191.1 193.2
(mean)
Metabolic factors in the aggregate (%)
>3 factors 222 22.3 21.5 18.1 15.8
>2 factors in addition to being 16.1 16.3 13.7 13.1 15.8
overweight
Component of metabolic factors (%)
High blood pressure 59.3 59.0 589 61.8 579
High glucose 20.7 20.5 239 210 211
Low HDL-cholesterol 233 232 26.6 19.6 15.8
High wriglycerides 23.6 24.1 18.6 15.0 211
Overweight 30.8 310 25.8 329 52.6

attenuated and the risk of overweight was more clearly
observed. Likewise, those who were negative for both
HCV- and HBYV infection revealed a similar tendency to
those who were infection-positive, albeit without statistical
significance.

Additional analysis was conducted o determine the
presence of the effect of BMI and effect modification
between overweight and high glucose (Table 4). Increased
BMI was associated with HCC in both genders of all
subjects and thosc with HCV infection. The association
was more clearly observed in men than in women. The
presence of both high glucose and overweight significantly
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increased the risk of HCC, although no significant effect
due to modification between overweight and high glucose
level was observed.

Discussion

In this prospective cohort study among a large Japanese
population, we found that the presence of metabolic factors
in the agegregate predicted the subscquent tisk of HCC in
men, including those with HCV infection. Our results also
confirmed that the main contributors to the effect of
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Table 2 Hazard ratios (HRs) and 95% Cls of hepatocellular carcinoma according to the metabolic factors®

Number of subjects Number of cases Person-years HR (Ch

Components of metabolic factors
High blood pressure

Absent 7.156 a5 90,694 1.00

Present 10434 67 132,107 097 (0.62-1.53)
High glucose

Absent 13,950 65 177,493 1.00

Present 3,640 37 45,307 1.75 (1.11-2.74)
Low HDL-cholesterol

Absent 13,487 70 170,673 1.00

Present 4,103 32 §2,128 1.17 (0.72-1.92)
High triglycerides

Absent 13,442 87 170,277 1.00

Present 4,148 i5 52,523 0.75 (0.40-1.39)
Overweight

Absent 12,180 04 153,362 1.00

Present 5410 38 69,438 222 (1.42-3.48)
Metabolic factors in the aggregate
>3 factors

Absent 13,692 73 173,316 1.00

Present 3.898 29 49,485 1.68 (1.06-2.66)
>2 factors in addition to being overweight

Absent 14,756 81 186,608 1.00

Present 2,834 21 36,192 2.14 (1.27-3.61)

¢ Model includes gender (stratified, men and women combined only), age (stratified, 5-year age categories), area (stratified, 6 PHC areas),
smoking status (never, past, current), weekly ethanol intake (past, never, <weckly, <150 g per week, 150 to <300 g per week, =300 g per week),
coffee intake (never, 1-2 days/week, 34 days/week. everyday (1-2 cups/day, >3 cups/day), total cholesterol (mg/dl, continuous) and HCV
infection status {anti-HCV antibody negative, positive) and HBV infection status (FbsAg negative, positive) and individual components of
metabolic syndrome, namely, high blood pressure, high glucose. low HDL-cholesterol, high triglycerides. and overweight (yes, no)

metabolic factors on HCC were overweight and a high
glucose state.

Previous epidemiological observations on the effect of
metabolic factors in the aggregate on the risk of HCC are
scarce [9, 10]. Results have generally shown positive
association with metabolic factors in the aggregate,
although one [9] did not account for hepatitis virus infec-
tion status, and another [10] lacked information on some of
the components of metabolic factors and provided results
only for subjects without infection. Meanwhile, a number
of cpidemiological studics have implicated diabetes as a
risk factor for HCC [4, 1{-20]. Obesity is the most
important risk factor for diabetes, and diabetes and obesity
are highly related events [37]. A number of epidemiolog-
ical studies have reported an association between obesity
and HCC {10, 21-26], most of which found a significant
positive association in men but a weaker positive associa-
tion in women. The only two studies accounting for
hepatitis virus infection status found a significant positive
association among those with HCV infection [10, 21],
albeit that results for men and women were combined.

The biological mechanism by which metabolic factors
leads to HCC has not been fully clarified. One suggested
candidate is that obesity leads to insulin resistance and
steatosis, which are associated with the release of inflam-
matory mediators such as tumor necrosis factor (TNF)-x in
the liver. This would in turn enhance the production of
cytokines, including interleukin (IL)-6 and IL-8, leading to
steatohepatitis or NASH [15]. On this basis, obesity and
diabetes cause hepatic inflammation, leading to oxidative
stress and lipid peroxidation, subsequently resulting in
hepatic injury, fibrosis, and eventual cirrhosis and HCC
[37). Several studies have also suggested a synergistic
effect of diabetes with viral hepatitis [20] and alcohol
intake [15, 16, 20].

It is also known that the liver plays a key role in serum
lipoprotein synthesis and metabolism, and impaired lipid
metabolism is often found in patients with chronic liver
diseases [38]. This finding is supported by several cross-
sectional studies among HCV-positive subjects [39, 40].
With metabolic syndrome, free fatty acids (FFAs) are
released in abundance from an expanded adipose tissue
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mass. In the liver, FFAs produce an increased production of
glucose, triglycerides, and secretion of very low density
lipoproteins (VLDL), with lipid/lipoprotein abnormalities
such as reductions in HDL-cholesterol and an increased
density of low density lipoprotein (LDL) [§]. This VLDL
secretion and fatty acid fi-oxidation, may in turn, result in
increased triglyceride synthesis in the liver [41, 42]. A
similar mechanism may also be involved in the association
between metabolic factors and HCC. In this study, however,
the positive association between low HDL-cholesterol and
risk of HCC was not significant.

Based on this study, we speculate that metabolic factors
may affect the risk of HCC not only in those with hepatitis
virus infection but also without hepalitis virus infection, via
a common or different pathway. More specifically, meta-
bolic factors may play a role in those without hepatitis virus
infection through NASH/NAFLD and related conditions,
and in promoting carcinogenesis after infection. Neverthe-
less, our analyses among both HCV- and HBV infection-
negative subjects were based on a small number of cases,
meaning no definite conclusions can be drawn, and any
interpretation requires caution. In addition, clinical inves-
tigations have shown that most HCC in this population
originates from HCV- or HBV infection [7], and that the
proportion of non-B/non-C HCC in all HCC has been
reported to be around 10-12% since 1999 [43]. In addition,
a small proportion of NAELID/NASH patients develop HCC
[44]. Together, these findings imply that the contribution of
factors other than hepatitis virus infection such as NASH/
NAFLD in this population may not be large, at the present
time at least. However, given the increasing trend in the
incidence of HCC unvelated to hepatitis virus infection, the
contribution of metabolic factors among the overall ctiol-
ogy, if any, will soon likely increase. The small number of
cases prevented us from restricting analysis to HBV-posi-
tive subjects, and is a limitation of this study. Whether the
effect of metabolic factors on HCC differs between those
positive and negative for hepatitis virus infection, and
between those positive for HCV and for HBV, is not con-
clusive for lack of consistency between studies.

The major strength of this study is its prospective
design, in which information was collected before the
subsequent diagnosis of HCC, thereby avoiding the expo-
sure recall bias inherent with case~control studies. Other
strengths include: study subjects were selected from the
general population; the proportion of loss to follow-up
(0.3%) was negligible; the quality of our cancer registry
system was satisfactory over the study period; and potential
confounding factors could be adjusted to minimize their
influence on risk values, in spite of the possible influence of
residual confounding.

Against this, several obvious limitations can be identi-
fied. First, waist circumference was not available to assess
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exposure. However, given previous studies that a BMI of
25.0 kg/m* was equal to 100 cm” of visceral fat area as
central obesity [32], misclassification by the use of BMI
instead of waist circumference, if any, might be small.
Likewise, we used non-fasting data, in particular non-
fasting triglycerides >1.69 mmol/l (150 mg/dl), as a
component of the metabolic factors, although justification
for the usc of the same cut-off point as for fasting status is
presently under debate. In this study, nevertheless, analyses
limited to fasting subjects yielded closely similar results.

Second, evaluation by single measurement of compo-
nents of metabolic factors at baseline might have produced
misclassification, cven though this would likely have been
non-differential and might lead to an underestimation of
results. Further, the subjects of this study were restricted to
26% of the total study subjects with complete questionnaire
responses and health checkup data. More women than men
tend to participate in health checkup surveys provided by
local governments. Further, participants often difler from
nonparticipants in socioeconomic status and have a more
favorable lifestyle profile, such as lower smoking rates,
greater participation in physical exercise, and higher intake
of green vegetables and fruits, particularly women [45, 46].
Differences in these factors may have influenced the
association between metabolic factors and HCC. In addi-
tion, the incidence of HCC in this study population during
the follow-up period was 45.7 per 100,000 person-years
versus 67.5 in the whole JPHC Study, suggesting that
subjects who were already under care for hepatilis virus
infection or any of the components of metabolic factors
may have been less willing to attend a health checkup.
Together, these considerations mandate the need for cau-
tion in interpreting or gencralizing these results.

Allowing for these methodological issues, metabolic
factors in the aggregate may have been associated with an
increased risk of HCC in the study population. The effects
of overweight and high glucose state appear to have been
the main contributors to this association, even under the
condition of HCV infection. Our results imply the need to
include obesity and diabetes as a crucial target in pre-
venting progression o HCC, even among those already
infected with HCV.
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Abstract. An association between psychological factors and diabetes has been suspected for a long time. However,
epidemiological data on this association is limited. We investigated the association between psychological factors
(perceived mental stress and type A behavior) and the onset of diabetes in a community-based, prospective cohort study in
a large number of middle-aged Japanese adults. A total of 55,826 subjects (24,826 men and 31,000 women) aged 40-69
years were followed for 10 years. A self-administered questionnaire on medical conditions including diabetes and other
lifestyle factors was performed at baseline and 5 and 10 years later. Psychological factors and diabetes were assessed based
on the questionnaire results. During the 10-year follow-up period, we documented 1,601 incident cases (6.4%) of diabetes
among men and 1,093 cases (3.5%) among women. The risk of diabetes increased with an increasing stress level, especially
among men. Multivariate adjusted odds ratios for high stress compared with low stress were 1.36 (1.13 to 1.63) among
men and 1.22 (0.98 to 1.51) among women. The risk of diabetes increased with an increasing level of type A behavior only
among women. Multivariate adjusted odds ratios for high levels of type A behavior compared with low levels of type A
behavior were 1.09 (0.94 to 1.27) among men and 1.22 (1.01 to 1.47) among women. We found an association between
perceived mental stress and the incidence of diabetes, especially among men. We also found an association between type
A behavior and the incidence of diabetes among women. In addition, inverse association between coffee consumption and

the incidence of diabetes which was consistent with other studies was observed.
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THE PREVALENCE of type 2 diabetes has increased
dramatically over the past few decades. Recent esti-
mates indicate that there were 171 million people with
diabetes worldwide in the year 2000 and this number
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is projected to increase to 366 million by 2030 [1].
Diabetes is now one of the main threats to human
health and is likely to remain a huge threat to public
health in years to come [2].

An association between psychological factors and
diabetes has long been suspected [3, 4]. For exam-
ple, mental stress is thought to deteriorate glucose me-
tabolism through the activation of the hypothalamus-
pituitary-adrenal axis (HPA axis) and the sympathetic
nervous system [5-8]. Type A behavior pattern is also
thought to activate the HPA axis and the sympathetic
nervous system. However, epidemiological data about
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the association between these psychological factors
and diabetes is limited [9-13], and, as far as we know,
no study has shown an association between these fac-
tors and the incidence of diabetes in a general popu-
lation. In this paper, we examined the effect of psy-
chological factors (mental stress and type A behavior)
on the incidence of diabetes mellitus in a community-
based, prospective cohort study in a large number of
middle-aged Japanese adults.

Materials and Methods
Subjects and procedures

The Japan Public Health Centre-based prospective
Study (JPHC Study) is an ongoing, longitudinal cohort
- study investigating cancer, cardiovascular diseases and
other lifestyle-related diseases. The JPHC Study was
launched in 1990 for cohort I and in 1993 for cohort
II. Cohort I was composed of five prefectural public
health center areas; Ninohe (Iwate Prefecture), Yokote
(Akita Prefecture), Saku (Nagano Prefecture), Chubu
(Okinawa Prefecture), and Katsushika (metropolitan
Tokyo). Cohort II was composed of six prefectural
public health center areas; Mito (Ibaraki Prefecture),
Nagaoka (Nigata Prefecture), Chuohigashi (Kochi
Prefecture), Kamigoto (Nagasaki Prefecture), Miyako
(Okinawa Prefecture), and Suita (Osaka Prefecture).
The details of the study design have been described
elsewhere [14]. The study protocol was approved by
the institutional review board of the National Cancer
Center, Japan. In the present analysis, two public
health center areas (Katsushika and Suita) were ex-
cluded because different definitions for the study pop-
ulation were applied. The study population was de-
fined as all registered Japanese inhabitants of the nine
public health center areas aged 40-59 years (Cohort I)
and 40-69 years (Cohort II) at the beginning of each
baseline survey. Each participant completed a self-ad-
ministered questionnaire that included questions about
weight, height, previously diagnosed medical condi-
tions, family history of diabetes, use of drugs, and oth-
er lifestyle factors such as physical activity and smok-
ing. This questionnaire also included a food frequency
questionnaire that was validated using 28-day diet re-
cords [15]. The questionnaire was performed at base-
line and 5 and 10 years later. Of the 95,373 individu-
als (45,452 men and 49,921 women) who completed
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the baseline questionnaire upon enrolment, 71,713
(75%, 32,369 men and 39,344 women) responded to
both of the follow-up questionnaires. We excluded
individuals who had any of the following conditions
at baseline; cardiovascular disease, chronic liver dis-
case, kidney disease or any type of cancer (n=4,515).
Individuals who had missing baseline data for any of
the exposure parameters described below were also
excluded (n=9,256). Individuals with a body mass in-
dex (calculated as weight in kilograms divided by the
square of height in meters) of less than 14 or more
than 40 were also excluded because of the possibility
of unreliable data (n=741). Because the present study
examined the incidence of diabetes, we also excluded
any subjects with diabetes at baseline (n=3,092). After
these exclusions, the remaining cohort consisted of
55,826 participants (24,826 men and 31,000 women).

Assessment of Psychological factors and diabetes

Mental stress was assessed based on three levels
of response (low, medium and high) to the question,
‘How much stress do you feel in your daily life?” We
assessed four aspects of the type A behavioral pattern
through self-reports of: competitive drive, speed and
impatience, aggressiveness and irritability [16]. These
items were assessed by the level (very, somewhat, or
not at all) for each question; ‘How hasty and impatient
do you consider yourself to be?’, ‘How competitive
and eager to excel in everything do you consider your-
self to be?’, ‘How aggressive do you consider your-
self to be?’, and ‘How irritable do you consider your-
self to be?’. The above four items were scored from 0
(“not at all”) to 2 (“very”) and then combined into an
overall index of type A behavior pattern. These items
matched well with validated instruments such as the
Framingham Type A Scale and MMPI-2 Type A Scale
in domains such as aggression, irritability, competi-
tiveness and time urgency [16].

We defined subjects with diabetes (diagnosed dia-
betes) as those who answered ‘yes’ to the question ‘Has
a doctor ever told you that you have diabetes?’ or ‘Do
you take any anti-diabetic drugs?’. To document the
validity of the diagnosed diabetes, we examined a se-
ries of medical records: 94% of the cases of diagnosed
diabetes according to the questionnaire were con-
firmed by medical records [17]. We also conducted a
cross-sectional survey in 1990 to examine the sensi-
tivity of diagnosed diabetes according to the criteria
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Table 1a. Baseline characteristics of the analysis group according to stress levels.
Men (n=24,826) Women (n=31,000)
Perceived Mental Stress Perceived Mental Stress
Low Medium High Low Medium High
(n=3,405) (n=15,734) (n=5,687) (n=4,865) (n=20,416) (n=5,719)
Age 533 514 482 529 516 49.1
Body Mass Index 23.7 235 235 236 235 232
Current smoker 492 502 550 39 39 6.8
Alcohol drinkers* 66.1 674 70.1 10.1 9.5 14.0
Alcohol intake among drinkers (g/week) 270.9 2649 2659 79.6 79.0 884
Family history of diabetes (yes) 83 79 10.6 8.6 84 104
Physical activity (yes) 220 183 17.1 22.0 16.6 13.0
History of hypertension (yes) 173 17.2 16.7 16.0 16.5 149
Coflee (>3 cups/day) 123 11.5 19.1 8.6 79 133
Hours of sleep 76 75 72 73 72 69
Level of Type A behavior pattern index
1 (most Type A) 213 221 36.1 12.1 13.6 26.5
2 157 16.2 16.8 13.6 153 18.7
3 352 42.0 282 393 46.7 30.9
4 (most Type B) 278 19.7 18.9 35.0 245 23.9

Age, body mass index, alcohol intake and hours of sleep are represented as the mean, and the other variables are proportion (%).

*Alcohol drinkers: drinking alcohol > 1 day/week

at that time for subjects (health checkup participants)
whose plasma glucose data were available. Among
the 6,118 subjects, 248 subjects had diagnosed diabe-
tes. Among the 5,927 subjects who did not have diag-
nosed diabetes, 49 subjects (0.83%) had diabetes ac-
cording to the commonly used diagnostic standards
utilized in Japan in 1990 (fasting plasma glucose >
7.8mmol/ L; casual plasma glucose > 11mmol/ L) [18]
based on a single measurement. Taking into account
the above mentioned positive predictive value, the
sensitivity and specificity of diagnosed diabetes were
82.9% and 99.7%, respectively.

Those who did not have diagnosed diabetes at base-
line but who had it at the time of either the 5- or 10-
year follow-up questionnaire were defined as incident
cases of diabetes.

Statistical Analysis

All analyses were performed using the data from
the 55,826 individuals (24,826 men and 31,000 wom-
en) who responded to both the 5- and 10-year ques-
tionnaires. The cumulative incidence was defined as
the number of new cases of diabetes occurring during
the 10-year follow up period divided by the number
of subjects at risk of developing diabetes at baseline.
We carried out a multivariate analysis using logistic

regression to assess the risk of diabetes as odds ratios
adjusted for potential confounding factors such as age
(continuous), body mass index (continuous), smoking
status (never smoker, past smoker, or current smoker
at <20 or > 20 cigarettes per day), alcohol intake (non-
or infrequent occasional drinkers, or regular drinkers
categorized according to weekly alcohol intake), fam-
ily history of diabetes (at least one parent or one sib-
ling with diabetes), physical activity (participation in
sports at least once a week), history of hypertension,
and coffee consumption (< 3 or > 3 cups of coffee per
day). Type A behavioral pattern was categorized into
four groups based on the overall index of type A be-
havior pattern: very high (scores of 6-8), high (score
of 5), medium (score of 4) or low (scores of 0-3).
Hours of sleep was also included in the multivariate
analysis as categorical variables (< 5, 6, 7, 8, and >
9 hours) because this factors may be associated with
psychological factors. All analyses were performed
separately for men and women.

Results
The baseline characteristics of the analyzed sub-

jects according to stress levels and type A behavioral
pattern index are shown in Table la and 1b, respec-
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Table 1b. Baseline characteristics of the analysis group according to levels of Type A behavior pattern index.

Men (n=24,826)

Women (n=31,000)

Levels of Type A behavior pattern index

Levels of Type A behavior pattern index

1(most Type A) 2 3 4 1 2 3 4
(n=6,253)  (n=4,043) (n=0408) (n=5,122)  (n=4,886) (n=4,847) (n=13.206) (n=8,061)

Age 504 50.8 51.5 50.8 50.5 509 52.0 51.1
Body Mass Index 236 235 235 235 233 233 234 237
Current smoker 53.2 51.5 511 487 73 4.7 37 37
Alcohol drinkers* 714 69.2 674 64.2 145 12.1 88 9.5
Alcohol intake among g, 5 276.0 250.9 2533 104.7 76.5 723 776
drinkers (g/week)
Family history of 9.0 838 78 9.2 10.1 9.1 82 8.8
diabetes (yes)
Physical activity (yes) 198 203 18.0 16.5 16.9 18.0 16.8 159
History of 19.2 169 165 15.8 157 16.6 16.4 15.8
hypertension (yes)
Coffee (>3 cups/day) 15.0 13.1 123 134 113 101 82 84
Hours of sleep 74 75 74 74 71 72 72 71
Perceived Mental Stress

Low 11.6 13.2 127 18.5 12.1 137 14.5 211

Medium 55.6 63.1 702 60.6 56.9 643 72.1 619

High 328 237 17.1 209 31.0 220 13.4 17.0

Age, body mass index, alcohol intake and hours of sleep are represented as the mean, and the other vaniables are proportion (%).

*Alcohol dnnkers: drinking alcohol > 1 day/week

tively. Compared with the subjects who reported low
stress, those who reported higher stress were likely to
be younger, smokers, physically inactive and coffee
drinkers. Compared with the subjects with low lev-
els of type A index, those with higher levels of type A
index were likely to be smokers, alcohol drinkers and
coffee drinkers.

During the 10-year follow-up period, we document-
ed 1,601 incident cases (6.4%) of diabetes among men
and 1,093 cases (3.5%) among women. The age- and
multivariate-adjusted odds ratios for the incidences of
diabetes mellitus according to perceived mental stress
are shown in Table 2. For men, a significant, dose-re-
sponse association was observed between perceived
mental stress and diabetes. This association remained
almost unchanged after adjustments for known risk
factors of diabetes, type A and hours of sleep. For
women, the risk of diabetes also increased as the stress
level increased. However, this association and dose-
response relation were slightly weakened after adjust-
ments for known risk factors of diabetes and margin-

ally disappeared after further adjustments for type A
and hours of sleep.

The age- and multivariate-adjusted odds ratios for
the incidences of diabetes mellitus according to type
A index are shown in Table 3. For men, association
between type A index and the risk of diabetes was not
observed after adjustments for other risk factors of di-
abetes. For women, risk of diabetes was higher for
those with highest level of type A behavior and this as-
sociation was slightly strengthened after adjustments
for known risk factors of diabetes, perceived mental
stress and hours of sleep.

As for individual components of type A behavior
pattern, high level of impatience, irritability and ag-
gressiveness were associated, although not statistically
significant, with the risk of diabetes (Table 4).

Recently, a number of papers have reported the pro-
tective effect of coffee against diabetes, and we includ-
ed coffee consumption as a known risk factor of diabe-
tes in the above analysis. In fact, coffee consumption
(=3 cups of coffee/day) reduced the risk of diabe-
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Table 2. Odds ratios for the 10-year incidences of diabetes mellitus according to perceived mental stress
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Men
Perceived Mental Stress
Low Medium High
(n=3,405) (n=15,734) (n=5,687)
Cases 199 999 403
Odds ratio (95%ClI) p for trend
Age-adjusted OR 1 (reference) .14 (0.97-1.33) 138 (1.15-1.65) <0.001
Multivariate OR’ 1 (reference) 1.20 (1.02-1.41) 139 (1.16-1.67) <(.001
Multivariate OR’ 1 (reference) 1.19  (1.01-1.40) 136 (1.13-1.63) 0.001
Women
Perceived Mental Stress
Low Medium High
(n=4,865) (n=20,416) (n=5,719)
Cases 163 720 210
Odds ratio (95%Cl1) p for trend
Age-adjusted OR 1 (reference) 1.11  (094-132) 128 (1.04-1.58) 0.020
Muitivariate OR’ 1 (reference) 111 (0.93-1.33) 1.25 (1.01-1.56) 0.038
Multivariate OR? 1 (reference) 112 (0.94-134) 122 (0.98-1.51) 0.080

Multivariate OR": adjusted for age + other known risk factors of diabetes (body mass index, smoking status, alcohol drinking, family

history of diabetes, physical activity, history of hypertension and coffee consumption)
Multivariate OR*: adjusted for age + other known risk factors of diabetes + levels of Type A behavior and hours of sleep.

Table 3. Odds ratios for the 10-year incidences of diabetes mellitus according to levels of Type A behavior pattern index

Men
Levels of Type A behavior pattern (4 = most Type B, 1 = most Type A)
4 3 2 1
(n=5,122) (n=9,408) (n=4,043) (n=6,253)
Cases 313 599 249 440
Odds ratio (95%Cl) p for trend
Age-adjusted OR 1 (reference) 1.03  (0.90-1.19) 1.01  (0.85-1.20) 1.17  (1.01-1.36) 0.038
Multivariate OR' 1 (reference) 106 (0.92-1.23) 1.02 (0.85-1.21) 1.12  (0.96-1.31) 0.20
Multivariate OR’ 1 (reference) 1.06 (0.91-122) 1.00 (0.84-1.20) 1.09 (0.94-1.27) 0381
Women
Levels of Type A behavior pattern (4 = most Type B, 1 = most Type A)
4 3 2 1
(n=8,061) (1=13,206) (n=4,847) (n=4,886)
Cases 292 428 169 204
Odds ratio (95%CI) p for trend
Age-adjusted OR 1 (reference) 086 (0.74-1.00) 097 (0.80-1.18) 1.19  (0.99-1.43) 0.044
Multivariate OR' 1 (reference) 093 (0.80-1.09) 105 (0.86-1.27) 125 (1.03-1.50) 0.014
Multivariate OR? 1 (reference) 093 (0.79-1.09) 103 (0.85-1.26) 122 (1.01-147) 0.031

Multivariate OR": adjusted for age + other known risk factors of diabetes (body mass index, smoking status, alcohol drinking, family

history of diabetes, physical activity, history of hypertension and coffee consumption)
Multivariate OR”: adjusted for age + other known risk factors of diabetes + perceived mental stress and hours of sleep.
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Table 4. Odds ratios for the 10-year incidences of diabetes mellitus according to levels of constituent items of Type A behavior

pattern index

KATO et al.

Men
Low Medium High
Impatience n 2,932 14,829 7,065
cases 195 942 464
Odds ratio (95%CI) 1 (reference) 101 (0.85-1.18) 1.02 (0.86-1.22)
Irritability n 3,024 14,584 7218
cases 179 921 501
Odds ratio (95%CI) 1 (reference) 1.08 (0.92-1.28) .14 (0.95-1.37)
Aggressiveness n 2,885 17,118 4,823
cases 167 1,079 355
QOdds ratio (95%CI) 1 (reference) 105 (0.89-1.25) 112 (0.92-1.36)
Competitiveness n 2,405 17,388 5,033
cases 172 1,081 348
Odds ratio (95%CI) 1 (reference) 0.87 (0.73-1.03) 090 (0.74-1.09)
Women
Low Medium High
Impatience n 4,391 19,491 7,118
cases 160 665 268
Odds ratio (95%CI) 1 (reference) 1.05 (0.88-1.26) 123  (1.00-1.51)
Irritability n 2,931 22,312 5,757
cases 107 762 224
Odds ratio (95%CI) 1 (reference) 099 (0.80-1.23) 1.16 (0.91-1.48)
Aggressiveness n 4738 21,755 4,507
cases 155 757 181
Odds ratio (95%CI) 1 (reference) 096 (0.80-1.15) 1.08 (0.87-1.36)
Competitiveness n 4,101 23,261 3,638
cases 155 804 134
Odds ratio (95%CI) 1 (reference) 099 (0.83-1.19) 1.01 (0.80-1.29)

adjusted for age, other known risk factors of diabetes (body mass index, smoking status, alcohol drinking, family history of

diabetes, physical activity, history of hypertension and coffee consumption), perceived mental stress and hours of sleep

Table 5. Odds ratios for the 10-year incidences of diabetes mellitus according to coffee consumption

Men
n cases Odds Ratio  (95% CI)
almost never (reference) 7378 540 1
1-2 days per week 4,703 314 093 (0.80-1.08)
3-4 days per week 3,012 184 0.84 (0.71-1.01)
1-2 cups/day 6,417 374 084 (0.73-0.97)
3-4 cups/day 2,442 138 083 (0.68-1.02)
>5 cup/day 874 51 082 (0.60-1.11)
p for trend 0.006
Women
n cases Odds Ratio  (95% CI)
almost never (reference) 9873 429 1
1-2 days per week 5,975 218 090 (0.76-1.06)
3-4 days per week 3,515 127 095 (0.77-1.17)
1-2 cups/day 8,836 262 081 (0.69-0.96)
3-4 cups/day 2,223 48 062 (0.45-0.84)
>5 cup/day 578 9 040 (0.20-0.78)
p for trend <0.001

adjusted for age, other known risk factors of diabetes (body mass index, smoking status, alcohol
drinking, family history of diabetes, physical activity, history of hypertension), perceived mental
stress, levels of Type A behavior and hours of sleep
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tes in the present analysis, especially among wom-
en [odds ratio and 95% confidence interval were 0.91
(0.77-1.08) for men and 0.63 (0.47-0.83) for women]
and there exists dose-response relationship (Table 5).
Because coffee is also thought to have a psychological
effect as described later in the Discussion section, we
also conducted an analysis stratified according to cof-
fee consumption (<3 or >3 cups of coffee/day). After
adjustments for all of the above-described parame-
ters, the odds ratio (and 95% CI) for medium and high
stress compared with low stress were 1.23 (1.03-1.46)
and 1.42 (1.16-1.73) for subjects consuming <3 cups
of coffee/day (p for trend = 0.001) and 0.93 (0.58-1.47)
and 1.01 (0.61-1.67) for subjects consuming >3 cups
of coffee/day (p for trend = 0.836) for men. For wom-
en, these values were 1.14 (0.95-1.37) and 1.20 (0.96-
1.51) for subjects consuming <3 cups of coffee/day (p
for trend = 0.118) and 0.80 (0.36-1.75) and 1.24 (0.53-
2.87) for subjects consuming >3 cups of coffee/day (p
for trend = 0.427). The association between perceived
mental stress and diabetes was observed only among
subjects who consumed <3 cups of coffee/day, espe-
cially among men. No such effect modification was
observed for type A behavior pattern.

Discussion

We found that perceived mental stress was positive-
ly associated with the incidence of diabetes mellitus.
The association between perceived mental stress and
the incidence of diabetes mellitus was evident among
men and it was statistically significant after adjust-
ments for known risk factors of diabetes and also after
further adjustments for type A behavior and hours of
sleep. For women, the association between perceived
mental stress and the incidence of diabetes mellitus
was slightly weakened after adjustments for known
risk factors of diabetes and it was marginally lower
than the significant level after further adjustments for
type A behavior and hours of sleep. We also found an
association between type A behavior and the incidence
of diabetes mellitus. In contrast to mental stress, this
association was statistically significant only among
women. The reason for this difference is unclear.
However, one possible explanation is that there could
be a difference between men and women in terms of
the mutual modification between mental stress and
the type A behavior, on the hypothetical basis that the

overall mechanisms by which mental stress and type
A behavior give rise to diabetes may be overlapping,
as discussed below, and may possibly be modifying
each other.

An association between mental stress and diabe-
tes has long been suspected {3, 4]. The mechanism by
which mental stress causes diabetes is unclear, but the
activation of two systems, the hypothalamus-pituitary-
adrenal (HPA) axis and the sympathetic nervous sys-
tem, are suspected to play roles [8, 19]. Activation of
the HPA axis and the sympathetic nervous system in-
creases secretion of cortisol and catecholamines, and
hence, leads to the deterioration of glucose metabo-
lism. Interleukin-6 (IL.-6), which is suspected to play
a pathologic role in a range of diseases including dia-
betes, is secreted during stress and participates in the
stress response [20]. In fact, Kiecolt-Glaser reported
an association, in caregivers, between chronic stress
and increased plasma levels of IL-6 [21]. Other mech-
anisms such as stress induced activation of inflamma-
tory response and the failed downregulation of corti-
costeroid production, have also been proposed [22].

Type A behavior is also thought to stimulate the
HPA axis and the sympathetic nervous system [23]
and an association between type A behavior and hy-
perglycemia was reported in a few studies [24, 25].
Therefore it is possible that type A behavior is associ-
ated with the risk of diabetes; however, there are no
papers that report this association as far as we know.

We found an inverse association between coffee
consumption and the incidence of diabetes which was
consistent with other studies. Similar inverse associa-
tion between green tea consumption and the incidence
of diabetes was also reported [26]. We also analyzed
the effect of other beverages such as green tea, black
tea or oolong tea; however, we found no clear associa-
tion between the risk of diabetes and consumption of
these beverages. These differences may come from
the fact that these beverages contain less functional in-
gredients than coffee.

We also found a possible effect modification of per-
ceived mental stress by coffee consumption, especially
among men. Coffee consumption may have modified
the effect of mental stress on diabetes. One possible
explanation for the interaction between stress and cof-
fee consumption is that coffee blocks cortisol forma-
tion by inhibiting 11B-hydroxysteroid dehydrogenase
type 1 activity [27]. In addition, an effect modifica-
tion between mental stress and coffee was reported in
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the case of blood pressure, that is, coffee blunts stress-
induced blood pressure increase in habitual coffee
drinkers [28]. However, further research on the mech-
anism of this effect modification, including whether it
actually exists, is needed.

The strengths of our study were that (a) it was pop-
ulation-based: (b) it had a relatively large cohort size;
(c) it had an adequate follow-up period: and (d) the
study measured and included possible confounding
factors. Nevertheless, our study also had several limi-
tations. First, the assessment of diabetes mellitus was
based on the results of a self-reported questionnaire.
As mentioned in the methods section, however, 94%
of the diagnosed diabetes identified by this question-
naire were confirmed by ‘medical records, and the sen-
sitivity and specificity of the diagnosed diabetes were
82.6% and 99.7%, respectively. Therefore we think
that this assessment procedure was well validated. In
previous studies [17, 29] we provided different num-
bers for these percentages based on the current (since
1999 in Japan) diagnostic criteria [30] to evaluate the
usefulness of the self-reported method for detecting
real diabetic conditions using the current diagnostic
criteria. In this paper, diabetes was diagnosed accord-
ing to the criteria at that time (year 1990) [18] and this
method is appropriate for assessing the reporting va-
lidity of diabetes diagnosed in 1990.

Second, perceived mental stress was assessed based
on a single simple question, ‘How much stress do you
feel in your daily life?” The same question was used
to investigate the association between mental stress
and mortality from cardiovascular disease [31] and
colorectal cancer [32]. Similar self-reported stress
has been used to examine the association between
stress and diseases such as breast cancer [33], stroke
[34] and suicide [35]. However, more extensive stress
evaluation may reveal the association between men-
tal stress and the incidence of diabetes more precisely,
which necessitates future studies.

Several sources of potential bias exist in our study.
The follow-up bias does not seem to be important be-
cause the follow up percentage (75%) was relative-
ly high and no large differences in the major risk fac-
tors for diabetes were observed between the follow-up
subjects and the lost-to-follow-up subjects at base-
line (for stress, 16% and 64% of the follow-up sub-
jects and 17% and 63% of the lost-to-follow-up sub-
jects reported low and medium stress, respectively).
Misclassification with regard to diabetes and exposure

might also have caused biases. However, this type of
bias in a cohort study generally distorts the results to-
ward null.

Despite these limitations, as far as we know, our
study is the first to demonstrate an association be-
tween psychological factors and the onset of diabetes
in a large-scale cohort study.
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Objective: Limited data are available with regard to longitudinal changes in body weight by food taste preference. Here,
we examined the associations between taste preferences and weight change in adults for a large-scale cohort study in Japan.
Design; Longitudinal analysis of data from a population-based cohort study, the Japan Public Health Center-based Prospective
Study (JPHC Study).

Subjects: A total of 29103 middle-aged men and women, who participated in a JPHC Study and returned questionnaires on
lifestyle and diet, including taste preferences, at both baseline and the 10th year of follow-up.

Measurements: We assessed the relations of preferences for rich and heavy taste and a sweet taste to weight changes between
the age of 20 years and baseline and those during the 10-year follow-up period.

Results: Preferences for rich and heavy taste and for sweet taste were significantly positively associated with weight increases
between the age of 20 years and baseline (P for trend <0.001); the fully adjusted odds ratios (95% confidence interval)
comparing the ‘like’ versus ‘dislike’ groups with a preference for rich and heavy taste were 1.45 (1.31-1.24) for men and 1.28
(1.16-1.41) for women, whereas that for a sweet taste preference was 1.22 (1.09-1.36) for women. As regards weight change
during the 10 years of follow-up, subjects who liked the sweet taste and those who neither liked nor disliked this taste
experienced a significantly greater increase than those who disliked it in both men and women,. There was no such difference for
rich and heavy taste.

Conclusion: These results suggest that food taste preferences may be an important predictor of weight changes in adults.
Taste preferences need to be considered when counseling patients to achieve weight control.

International Journal of Obesity advance online publication, 28 July 2009; doi:10.1038/ij0.2009.153
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Introduction

Obesity is known to be a risk factor for a wide range of
diseases including cardiovascular disease and some cancers,
and its prevention must be given high priority in modern
society.! Energy imbalance is the most fundamental
explanation for the current worldwide epidemic of obesity.
Frequent intakes of energy dense foods,** saturated fat* and
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sweetened beverages®® have been linked to the increasing
risk of obesity, whereas greater intakes of dietary fiber,” and
fruits and vegetables® have been shown to be protective
against obesity. Food selection may be determined by various
factors, including knowledge, preference and environment.’
Among these, taste preferences are formed in the early stage
of life'® and may have a marked influence on the choice of
foods throughout an individual’s lifetime.!! As it is difficult
to estimate energy intake over a long period of time, taste
preferences may provide additional information on dietary
habits that cannot easily be ascertained by a standard dietary
assessment.'?

Compatible with the worldwide trend, the prevalence of
obesity in Japan has also been increasing.’*'* Traditionally,
the Japanese diet is characterized by an essentially simple
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taste, with a minimum amount of oil being used in cooking,
although it contains a large amount of salt.’> Owing to the
westernization of lifestyles, fatty and sweetened foods have
become much more readily available in Japan. In such a food
environment, it may be that persons who have a preference
for fatty foods or sweets have a greater risk of developing
obesity or overweight than those who do not. However,
there is little actual evidence linking weight change with
taste preferences.®

The objective of this study was to investigate weight

" increases during adulthood in association with two types of

taste preference: one for a rich and heavy taste, and the other
for a sweet taste. These associations were examined using data
from a large-scale population-based cohort study in Japan.

Subjects and methods

The JPHC Study

The data used in this study were derived from the Japan
Public Health Center-based Prospective Study (JPHC Study)
Cohort I, a large-scale, population-based cohort study of
residents in 15 administrative areas covered by a total of five
public health centers in Ninohe (Iwate prefecture), Yokote
(Akita prefecture), Saku (Nagano prefecture), Ishikawa
(Okinawa prefecture) and Katsushika-kita (Tokyo metropo-
lis). These PHC areas were selected to represent the extent of
variation in the mortality rate of stomach cancer based on
our previous ecological study.!” Most of the centers are
located in rural areas. The Japanese inhabitants were
identified by the population registries maintained by the
local municipalities.’® The target age of the JPHC Study
Cohort 1 was between 40 and 59 years at the baseline survey,
which was carried out mainly in 1990. A self-administered
questionnaire was distributed to study participants at the
baseline, Sth- and 10th-year follow-up surveys. The design of
the JPHC Study has been reported in detail elsewhere.!® This
study was approved by the human ethics review committees
of the National Cancer Center.

Assessment of taste preference and lifestyles

Items included in the baseline questionnaire were socio-
demographic factors, medical history, health-related lifestyle
factors, as well as height and weight, and any increase in
weight of more than 5Skg from age 20 years to baseline (yes
or no). Diet was assessed by using a 44-item food frequency
questionnaire, and energy intake (kcal), fat intake (g), and
energy ratios of protein, fat and carbohydrate were esti-
mated. The validation of this food frequency questionnaire
was reported previously.2® Taste preferences for foods were
obtained by asking whether they liked the rich and heavy
taste (kotteri in Japanese) and whether they liked the sweet
taste. Kotteri is a word that all Japanese would know,
indexing a taste as common as sweet or sour, and described
as a rich and heavy taste in the Kojien, one of the most
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popular Japanese dictionaries. The questioning sentence
used was as follows: ‘Kotteri to shita ryori wa suki desu ka?
(Do you like rich and heavy food?)’ The possible responses to
each taste preference were ‘dislike’, ‘neither dislike nor like
(hereafter ‘neither’)’ and ‘like.” At the 10-year survey, body
height and weight were also self-reported. Body mass index
(BMI) was calculated as weight in kilograms divided by
square height in meters. Of JPHC Study participants at
baseline, 5575 men and 9736 women attended health check-
up and provided measured data on height and weight;!” the
Spearman’s correlation coefficients between BMI based on
self-reported data and that on measured data were 0.89 and
0.91 for men and women, respectively.

Study subjects

Overall, a total of 50 245 residents (82%) retumed the baseline
questionnaire. In total, 37860 (75%) people responded to the
follow-up study conducted 10 years after the baseline. For this
analysis, we excluded the 1648 subjects in the Tokyo-
Katsushika public health center because individuals surveyed
in these areas were limited to those aged 40 or 50 years, or
were selected from among participants in a health check-up
program. Furthermore, we excluded 7109 subjects who had a
self-reported BMI <14 or >40kgm™2 or who had data
missing from the baseline and/or 10-year follow-up survey.
We also excluded the following subjects: those with any self-
reported serious illness (cancer, cerebrovascular disease,
myocardial infarction, chronic liver disease or angina
pectoris) at baseline; those who did not answer baseline
survey questions on taste preferences, smoking history,
alcohol drinking, exercise habit, oil use and weight change
from age 20 years to present and those whose energy intake
was <900 or >4000kcal for men and <800 or >3600kcal for
women, These exclusions left 29 103 subjects (13443 men and
15 660 women) who were appropriate for the final analysis.
Among subjects who had valid data on BMI and taste
preference at baseline, those who remained in the analysis
were slightly younger than those excluded from the analysis;
mean (s.d.) age of the former and latter groups, respectively,
was 49.1 (5.9) and 51.2 (5.7) years in men and 49.4 (5.8) and
50.4 (5.8) years in women. There was little difference in BMI
and taste preferences between the two groups.

Analyses

All analyses were done in a sex-specific manner. We
compared baseline characteristics of study subjects according
to taste preferences, and their trend associations were
assessed by using a linear regression analysis for continuous
variables or a logistic regression analysis for categorical
variables, with values of 1-3 assigned to categories of taste
preference. Logistic regression analysis was used to estimate
the odds ratio of having a more than 5kg weight increase
between age of 20 years and the baseline for each taste
preference, using the answer ‘dislike’ as the reference. Two



types of adjustments were made; first, age and study area
(Okinawa or other); second, age, study area, smoking (never,
former or current) and exercise (1< per week or 1> per
week) at baseline. Study area was adjusted for because of a
large difference in obesity levels between Okinawa and other
areas.* The relationships between taste preferences and
changes in body weight from baseline to the 10-year survey
were examined by analysis of covariance. Two types of
adjustments were made; first, age, study area (Okinawa or
other) and body weight at baseline; second, age, study area,
body weight, smoking (never, former or current) and exercise
(1< per week or 1> per week) at baseline. Trend associations
were assessed with ordinal numbers 1-3 assigned to
categories of taste preference. All analyses were performed
using SPSS (Version 15.0, SPSS Inc, Chicago, IL, USA).

Results

Table 1 shows the baseline characteristics of the subjects. The
mean BMI increased in the order of groups responding
‘dislike,’ ‘neither’ and ‘like’ to the questions about taste

Table 1 Baseline characteristics: JPHC Study
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preferences, respectively, in both tastes. There were no
differences in energy intake, protein energy ratio, fat energy
1atio, carbohydrate energy ratio or exercise among the three
groups for either taste. The proportion of persons with
frequent consumption of oily foods increased in the order of
‘dislike’, ‘neither’ and ‘like’ for the rich and heavy taste
among both men and women.

Table 2 shows the odds ratio of having a more than Skg
weight increase between age 20 years and the baseline survey
for each taste preference in those answering ‘dislike’, as the
reference group, according sex. There was a significant
positive association between a preference for rich and heavy
taste and the risk of weight increase for both men and
women, and between preference for sweet taste and the risk
only for women, with adjustment for age and study area
(P for trend <0.001). The association did not fundamentally
change after further adjustment for other potential con-
founding variables (P for trend <0.001). The fully adjusted
odds ratios (95% confidence interval) comparing the ‘like’
versus ‘dislike’ groups with a preference for rich and heavy
taste were 1.45 (1.31-1.61) for men and 1.28 (1.16-1.41) for
women, whereas that for a sweet taste preference was 1.22

Men Women
Dislike Neither dislike Like Trend P Dislike Neither dislike Like Trend P
nor like nor like
Rich and heavy taste
No. of participants 2880 7066 3497 3638 8812 3210
Age (years) 49.5 (5.8) 49.1 (6.0) 48.6 (5.8) 50.1 (5.7) 49.5 (5.8) 48.4 (5.8)
People living in Okinawa (%) 13.9 23.5 29.5 <0.001 14.2 213 29.0 <0.001
Body height (cm) 163.8 (6.0) 164.0 (6.0) 164.5 (6.1) <0.001 151.5 (5.2) 151.8 (5.2) 151.9 (5.2) 0.004
Body weight (kg) 61.7 (8.0) 63.4 (8.3) 65.2 (8.7) <0.001 53.4(7.5) 541 (7.2) 55.3(7.7) <0.001
Body mass index (kgm~2) 23.0 (2.6) 23.5(2.7) 241 (2.8) <0.001 23.2(3.1) 23.5 (3.0 24.0 (3.1) <0.001
Current smoking (%) 53.7 49.5 52.9 0.733 53 3.8 5.8 0.436
Alcohol drinking (%)* 61.5 59.6 59.8 0.188 6.8 6.1 7. 0.672
Exercise (%)° 16.2 18.3 19.0 0.006 14.5 14.7 13.2 0.134
Energy intake (kcal per day)* 2223 (591) 2169 (583) 2194 (602) 0.100 1436 (339) 1457 (333) 1474 (365) <0.001
Protein energy ratio (%6) 12.02.9) 12.0 (2.0) 19 @ <0.001 14.9 (2.2) 14.8 (2.0) 14.7 (2.1) <0.001
fat energy ratio (%) 14.2 (4.9) 14.7 (4.8) 14.9 (4.9) <0.001 19.6 (5.3) 20.3 (5.1) 20.5 (5.1) <0.001
Carbohydrate energy ratio (%) 62.8 (8.9) 62.7 (8.6) 61.9 (8.8) <0.001 63.2 (7.0) 62.7 (6.5) 62.2 (6.9) <0.001
Fat (9) 34.2 (13.6) 34.6 (12.6) 35.3(13.0) 0.001 31.4(12.) 32.9(11.6) 33.6(11.9)  <0.001
Oily foods (%)¢ 52.7 66.8 76.8 <0.001 - 59.3 72.4 79.8 <0.001
Sweet taste

No. of participants 3304 6715 3424 1758 8069 5833
Age (years) 48.6 (5.8) 49.1 (5.9) 49.4 (5.9) 49.6 (5.9) 49.5 (5.8) 49.1 (5.8)
People living in Okinawa (%) 20.0 223 27.2 <0.001 20.5 20.1 23.0 0.001
Body height (cm) 164.3 (6.0) 164.1 (6.0) 163.9 (6.1) 0.005 151.4(5.2) 151.7 (5.2) 151.9(5.2) <0.001
Body weight (kg) 63.4 (8.3) 63.5(8.4) 63.7 (8.8) 0.227 53.3(7.5) 53.9 (7.3) 54.8 (7.5) <0.001
Body mass index (kgm™2) 23.5 (2.6) 23.6 (2.7) 23.7 (2.9) 0.001 23.3(3.1) 23.4 (3.0) 23.7 (3.0) <0.001
Current smoking (%) 60.7 49.9 45.0 <0.001 1A 4.2 3.0 <0.001
Alcohol drinking (%)* 80.2 61.1 38.5 <0.001 15.2 6.1 43 <0.001
Exercise (%)° 17.5 18.5 17.7 0.840 158 15.1 13.0 <0.001
Energy intake (kcal per day)® 2226 (586) 2187 (586) 2149 (601) <0.001 1464 (375) 1453 (336) 1456 (339) 0.699
Protein energy ratio (%) 1.7 2.2) 12.0 (2.0) 12.2 (2.0) <0.001 14.6 (2.3) 14.9 (2.1) 14.7 (2.1) 0.103
Fat energy ratio (%) 14.0 (4.8) 14.7 (4.8) 15.2 (5.0) <0.001 19.6 (5.6) 20.3 (5.0) 20.1 (5.1) 0.038
Carbohydrate energy ratio (%) 59.3 (9.0) 62.7 (8.5)  65.3(8.0) <0.001 61.8 (8.0) 62.6 (6.6) 63.1 (6.5) <0.001

Abbreviations: BMI, body mass index (kg m™2). *Alcohol drinking: drinking more than three times per week. PExercise: exercising more than once a week. “Energy
intake from alcohol is included. “Oily foods: consuming oily foods more than three times per week. Values except for percentages are means (s.d.).
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