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ABSTRACT
Mortality rate and cardiovascular incidence rate in hemodialysis patients.
Results of 2-year follow-up data of the KAREN Study.

Masaki Ohsawa*!, Karen Kato*?, Yosuke Fujishima*?, Kazuyoshi Itai*’,

Kozo Tanno*!, Ryuichiro Konda*?, Motoyuki Nakamura*®, Akira Okayama*,
Toshiyuki Onoda*!, Kiyomi Sakata*!, Tomoaki l*“yujioka"‘2 and the KAREN Study Group
*1Department of Hygiene and Preventive Medicine, School of Medicine, Iwate Medical University

*2Department of Urology, School of Medicine, Iwate Medical University
* Department of Internal Medicine II, School of Medicine, Iwate Medical University

#The First Institute of Health Service, Japan Anti-tuberculosis Association

A population-based cohort study of hemodialysis patients (The KAREN Study) has been carried out in the northern
part of the main island of Japan since 2003. Follow-up studies were completed on 1,145 patients 2 years after initial
registration. The total observation period was 2,215 patient-years. There were 189 deaths, 214 cases of congestive
heart failure, 29 cases of myocardial infarction, and 107 cases of stroke. Crude mortality was 85 (/1000 patient-years).
Incident rates of myocardial infarction and stroke were 13.1 and 48.3, respectively. Cumulative mortality was 16.5%.
The difference of mortality between men and women was not significant. The mortality rate in patients with diabetic
nephropathy was significantly higher than those in patients with other causes of renal failure (log rank p < 0.01).
Multivariate adjusted hazard ratios (HR) were determined by Cox regression analysis. Major risk factors for total
mortality in hemodialysis patients were age (HR: (95%CI) : 1.047 (1.033-1.062)), diabetes mellitus (1.416 (1.045-1.919)),
the presence of hepatitis C virus antibody (1.581 (1.043-2.395)), low levels of serum albumin (2.430 (1.785-3.308),
and elevated serum CRP levels (1.944 (1.442-2.621)). These factors independently contributed to increased mortality

regardless of serious comorbid conditions such as myocardial infarction, stroke, and/or malignant disease
Key Words : Hemodialysis, mortality, risk factors, cardiovascular disease, population-based cohort study,
The KAREN Study
Received * Accepted Oct. 12, 2007. (JICDP 42:86-96, 2007)
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A Community Based Epidemiological and Clinical Study
of Hospitalization of Patients With Congestive
Heart Failure in Northern Iwate, Japan

Muneyoshi Ogawa, MD; Fumitaka Tanaka, MD; Toshiyuki Onoda, MD*;
Masaki Ohsawa, MD*; Kazuyoshi Itai, PhD*; Toshiaki Sakai, MD*#;
Akira Okayama, MD***; Motoyuki Nakamura, MD On Behalf of
the Northern Iwate Heart Disease Registry Consortium

Background Community based studies of congestive heart failure (HF) are lacking in the Japanese population.
Methods and Results To delineate the epidemiological and clinical features of advanced HF in the general
Japanese population, hospitalized adult cases of HF in all hospitals within the Ninohe district were registered for
3 years. During the survey period, 190 new onset cases (males n=93; females n=97) and a total of 391 hospitaliza-
tions (including repeat admissions) were registered. The prevalence of atrial fibrillation in new HF cases was 56%
in males and 45% in females. On the basis of the population of the district, the incidence of hospitalized HF was
96 in males and 92 in females per 100,000 person-years. The percentage of HF patients who were 265 years of age
was 82% in males and 94% in females. In cases undergoing echocardiography, preserved left ventricular systolic
function (left ventricular ejection fraction 250%) was observed in 29% of males and 41% of females. There was
a significant seasonal variation in HF admissions (Spring 32%; Summer 20%; Autumn 20%; Winter 28%; p<0.01).
Conclusions In comparison with published results of USA and European community based studies of HF, the
present HF cohort showed that: (1) mean age, prevalence of preserved ejection fraction, and trends in seasonal
variation were comparable; however (2) the incidence of HF was obviously lower. These epidemiological and
clinical characteristics should be taken into consideration when establishing a therapeutic and preventive

approach for HF.  (Circ J 2007; 71: 455-459)

Key Words: Community; Epidemiology; Heart failure; Incidence; Population; Prevalence

mon reasons for hospital admission among the

elderly in US and European populations!? This
increase in prevalence might be caused by rising mean age
and improved survival of patients with cardiovascular dis-
ease because of therapeutic advances34 Moreover, patients
with HF are at high risk of readmission to hospital. In fact,
surveys in the USA and Europe have reported that 16-50%
of elderly HF patients are readmitted within 6 months of
their first admission?5-7 As a consequence, HF has become
an important public health problem, with increasing preva-
lence placing a growing burden on health-care systems in
these countries?

The mean age of the Japanese population is increasing
steeply and it is estimated that by the year 2020 25% of the
population will be 265 years of age. As observed in the
USA and Europe, the HF epidemic might become evident
in our population. However, there has been a deficiency of
population or community based epidemiological studies in
the Japanese population to date, leaving a gap in epidemio-

C ongestive heart failure (HF) is one of the most com-
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logical data such as incidence, prevalence and prognosis of
HF in this country. These data are not simply a matter of
curiosity but will be essential for physicians, policy makers,
economists, health-care administrators, and pharmaceutical
manufacturers.

Although several epidemiological and clinical studies of
HF in teaching hospitals have been published or are on-
going in this country? no adequate community based data
have been reported. We have therefore collected prospec-
tive data on all registered hospitalized adult patients with
HEF over a 3-year period in the Ninohe district, a rural com-
munity in northern Iwate where medical facilities are
limited and the population is relatively stable. On the basis
of this registration survey, we have calculated hospitaliza-
tion and readmission rates, seasonal variations, and the
incidence of preserved left ventricular systolic function and
atrial fibrillation in HF patients.

Methods

Study Population

The Ninohe district is a rural area situated in the Iwate
prefecture, northeast of Honsyu, Japan (Fig 1). The Ninohe
district comprises the city of Ninohe, the towns of Ichinche,
Karumai and Jouboji, and the village of Kunohe. According
to annual statistical data for 2003 issued by the Iwate pre-
fecture government, this region had a resident population
of 67,307 (32,257 males; 35,050 females). The percentage
of the population aged 265 years was 26%. Following an in-

— 267 —



456

Figl. Study area. Ninohe district of Iwate, northern Honsyu, Japan.

tensive briefing on the rationale for the study and discussion
of ethical issues, physicians representing all primary care
and referral centers in the Ninohe district community agreed
to participate. The district contains only 4 public hospitals
(Ninohe, Ichinohe, Karumai and Tbonai Hospitals) and 7
private clinics with admission facilities. In addition, to
ensure almost complete capture of all HF hospitalizations
within the Ninohe district during the study period, registra-
tion was extended to include medical centers located in
Morioka city (60km south of Ninohe) including our
University hospital and 3 referral medical centers located
in Hachinohe city (50km north of Ninohe). Approval was
obtained from the ethics review board of each participating
hospital prior to commencement of the study. Because the
study protocol involved a review of charts obtained as part
of routine medical care only, patient consent was not
required.

Inclusion Criteria and Enrolment

Inclusion criteria were based on the Framingham defini-
tion of HF]0 with subjects assigned a diagnosis of HF if
either 2 major criteria or 1 major and 2 minor criteria were
present concurrently. The major criteria were: paroxysmal
nocturnal dyspnea, orthopnea, abnormal jugular venous dis-
tention, rales, cardiomegaly, pulmonary edema, presence of
a third heart sound, elevated central venous pressure, and
weight loss of 4.5kg or more in 5 days. The minor criteria
included: edema, night cough, dyspnea on exertion, hepato-
megaly, pleural effusion, tachycardia, and weight loss of
4.5kg or more in 5 days.

Subjects were enrolled only if they had been hospitalized
and fulfilled the following conditions: (1) were established
residents of the Ninohe district; (2) were aged 220 years;
and (3) were admitted between 1 April 2002 and 31 March
2005. Registration was initially performed by attending
physicians at each hospital. Patients compatible with the
diagnosis of HF in terms of symptoms, physical examina-
tion, chest X-rays, and response to treatment were checked
by using a registration card after admission. Patients were
excluded if they had been hospitalized: (1) to undergo inva-
sive cardiac examination such as cardiac catheterization;
(2) for the introduction of f-blocker therapy; (3) with an
advanced stage malignant tumor and/or preceding apparent
pneumonia; (4) within 4 weeks after onset of acute myocar-

OGAWA M et al,

Table 1 Comparison of Clinical Characteristics of Patients With
Heart Failure Divided by Sex

Male Female All
No. (n)
New onset 93 97 190
Readmission 99 102 201
Total 192 199 391
Mean age (years)
New onset 73.2+£12.7  80.1%114 76.3£13.3
Readmission 78.6x10.4  82.0+9.7 79.9+10.7
Total 75.3+12.2  81.0£10.7  78.1%12.3
% of age 265 years
New onset 74 92 83
Readmission 90 95 92
Total 82 94 88
% of age 280 years
New onset 32 63 48
Readmission 56 65 60
Total 42 64 53
% of atrial fibrillation
New onset 56 45 50
Readmission 44 37 40
Total 53 44 48
% of ejection fraction 250%
New onset 26 40 33
Readmission 33 46 32
Total 29 41 34

dial infarction; or (5) with end-stage renal failure and with-
out apparent cardiac dysfunction.

To ensure that nearly all appropriate cases had been iden-
tified, we periodically retrieved and reviewed medical charts
and/or discharge summaries for nearly all patients (>99%)
admitted to the cardiology and internal medicine wards of
all hospitals within the study district. This was carried out
by 2 or more members of the study steering committee,
which comprised 3 cardiologists, 3 trained research nurses,
and 2 epidemiologists. Patients who had been transferred to
another hospital were counted on the index admission only.
Echocardiographic evaluation such as left ventricular ejec-
tion fraction assessment (Simpson or Teichholtz method)
was performed for all patients with HF at 1 hospital (Ninohe
Hospital) by full-time attending cardiologists, whereas in
the remaining hospitals, evaluation was performed by part-
time cardiologists in a small percentage of patients only.
The percentage of patients who underwent echocardio-
graphic examination was 65%.

Data Analysis

Continuous variables are expressed as mean+SD. Group
comparisons were based on the Student’s t-test or chi-square
test, as appropriate. Incidence rates were calculated as the
observed number of new cases of HF divided by the age-
and sex-specific person-years of observation. An estima-
tion of residents in the Ninohe district aged 220 years was
derived from published census data at October 2003, In
addition, the incidence rate was adjusted by using the stan-
dard Japanese population. Seasons were defined as follows:
Spring=20 March to 19 June; Summer=20 June to 21
September; Autumn=20 September to 20 December;
Winter=21 December to 19 March. The significance of
seasonal variation was tested by the Roger’s method!!

Cireulation Journal Vol.71, April 2007
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Fig2. Incidence of heart failure according to the sex and 10-year
age group.

Results

Registered Number of Patients

During the 3-year study period, the total number of HF
patients including readmission cases was 391 (192 males;
199 females). This total included 190 cases of new onset
(93 males; 97 females), yielding a readmission case of 51%
in both sexes. There were no significant differences in the
number of registered cases by year (2002, n=118; 2003,
n=149; 2004, n=124: NS).

Patient Characteristics

The age range for new onset cases was 35-96 years in
males and 28-98 years in females. As shown in Table1,
the mean age was significantly higher in females (81.0x
10.7 years vs males 75.3+12.2 years: p<0.001). Within the
new onset cohort, 83% were 265 years of age (74% males;
92% females: p<0.01), and 48% were 280 years of age
(32% males; 63% females: p<0.01).

Atrial Fibrillation

Atrial fibrillation was observed in approximately half of
new onset cases (Tablel), with no significant difference
between the sexes (56% males; 45% females: NS). Read-
mission cases showed a comparable trend (44% males;
37% females: NS).

Preserved Ejection Fraction

After exclusion of patients with significant valvular ab-
normalities, the percentage with a preserved left ventricular
ejection fraction of 250% was higher in females than in
males (41 vs 29%). Thirty-four percent of registered cases
were therefore classified as having HF with preserved ejec-
tion fraction. Among the new onset HF cases, the ejection
fraction was preserved in 40% of females and 26% of
males. A similar trend was observed in readmission cases
(46% females, 33% males). The mean age of patients who
underwent echocardiography was significantly younger
than that of patients who did not (76.3£12.5 vs 81.7+10.0
years of age; p<0.01).

Incidence

During the 3-year study period, 190 new cases of HF (93
male, 97 female) were diagnosed in the Ninohe district.
The crude overall incidence rate was 94 per 100,000 per-
son-years. Male subjects had a slightly higher crude inci-
dence rate at 96 compared to female subjects at 92 per

Circulation Journal  Vol.71, April 2007
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Figd. Seasonal variation in the accumulated number of hospitaliza-
tions for heart failure during the 3-year study period.

100,000 person-years. The age- and sex-adjusted incidence
rate for the standard Japanese population was 39 per
100,000 person-years. Analysis of incidence rates by age
and sex showed a general age-associated increase with
male predominance (Fig2). The incidence rate varied from
less than 0.5 per 1,000 person-years in females aged under
65 years to 15 per 1,000 person-years in males aged >85
years. As shown in Fig3, the incidence rates for elderly
subjects (=65 years old) were 3.05 per 1,000 person-years
for males and 2.65 per 1,000 person-years for females. In
the very elderly (=80 years), rates were higher at 7.24 per
1,000 person-years for males and 6.76 per 1,000 person-
years for females.

Seasonal Variation

The cumulative number of new hospitalized cases during
the 3-year study period is shown in Fig4. There was sig-
nificant variation by season (Spring 37%; Summer 17%;
Autumn 19%; Winter 27%; p<0.01). Hospitalization rates
in Spring and Winter were greater than 50% higher than in
Summer and Autumn. This seasonal variation remained
evident when the analysis was performed on all admission
cases (including readmissions) (Spring 32%; Summer
20%; Auntomn 20%; Winter 28%; p<0.01).

Discussion

The present study was conducted in a rural Japanese
community where the proportion of the population aged
>65 years is similar to that predicted for the future Japanese
population. We have demonstrated the following new
observations: (1) a significant proportion of HF patients
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were elderly (aged 265 years); (2) approximately half of
HF cases showed atrial fibrillation at admission; (3) the
prevalence of preserved ejection fraction was significantly
higher in females than in males; (4) the incidence of HEF
was less than 100 per 100,000 person-years; and (5) there
was seasonal variation with the onset of HF.

The median age of HF cases as a whole was just under
80 years, with a significantly higher mean age in females
than in males. This is comparable to reports in other racial
populations!>'4 Approximately half of the HF patients
captured by the present study showed atrial fibrillation at
admission. No previous community based study in Japan
has reported the prevalence of atrial fibrillation in patients
with HF. However, a similar rate has been reported in
hospital-based studies!>16 There is also evidence of racial
variation in the prevalence of atrial fibrillation among
patients with HF. Ruo et al have demonstrated that African-
Americans had a 50% lower incidence of atrial fibrillation
than Caucasians!? As incidence rates of atrial fibrillation
among Caucasian HF patients have been reported to range
from 28 to 42%!8.19 the prevalence of atrial fibrillation in
our patients with HF was somewhat higher than that in
other racial populations. However, as atrial fibrillation was
prevalent in males and the elderly?® sex- and age-adjusted
analysis would be essential to determine the racial differ-
ence.

Of patients with HF who underwent echocardiography,
half of the female cohort showed preserved ejection fraction
while only a quarter of males did so. Although there are no
previous reports of the incidence of preserved ejection frac-
tion among HF patients in community based Japanese
populations, the present value is comparable to that reported
from other ethnic populations using the same partition
value for left ventricular ejection fraction?!?2 However, of
the potentially eligible patients in the present study, only
65 percent had a documented assessment of left ventricular
ejection fraction. This might have resulted in a selection
bias. The mean age of patients not undergoing echocardio-
graphy was higher than those who did undergo echo exami-
nation. As the incidence of preserved ejection fraction is
greater in the elderly, this might have been underestimated
in the present study.

The incidence of HF in our study community was less
than 100 per 100,000 person-years for patients aged 20-65
years. The value rose to approximately 300 per 100,000
person-years in those aged 265 years, and approximately
700 per 100,000 person-year in those aged 280 years. How-
ever, these values are clearly lower than that of published
data from the USA and European countries using the same
definition of HF?3-26 The reasons for the low incidence of
HF in our population remain unknown on the basis of the
present study. However, as the main etiology of HF was re-
cognized as coronary artery disease, 1 reason might be the
low prevalence of coronary artery disease in the Japanese
population?”2 Alternatively, health-care systems differ be-
tween countries. Specifically, Japan has a universal health
insurance system and most Japanese could visit medical
facilities at relatively low cost. In contrast, in the USA, 15%
of persons aged under 65 years are uninsured?® One may
argue, however, that the system for capturing HF cases in
the present study might have been incomplete, resulting in
the underestimation of incidence, However, we did attempt
to retrieve and review all medical charts or discharge
summaries from cardiology and internal medicine wards of
all hospitals located within the survey district. Moreover, to
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further reduce the potential for missing cases, the study in-
cluded several remote teaching hospitals and tertiary refer-
ral medical centers located within 100km of the survey
area. This makes it unlikely that a significant number of HF
cases would have been lost to the present registry.

Our community based study revealed significant seasonal
variation in the onset of new HF as well as acute worsening
of the condition. The peak in variation was seen in Winter-
Spring compared to Summer-Autamn. A similar seasonal
variation has been reported from European countries3!=33
Although the precise reasons for this variation remain un-
known, a potential explanation might be the presence of
some other condition with a well-known seasonal variation
such as respiratory tract infection, myocardial infarction and
ischemia, or high blood pressure. Heart rate and systemic
blood pressure have been reported to rise in cold environ-
ments, thus increasing cardiac oxygen consumption and
cardiac afterload. This, in turn, might increase the onset of
HF during the Winter-Spring season in a cold climate.

Despite the advantages afforded by our community based
study, several limitations must be considered when the re-
sults are interpreted. First, registration was restricted to
hospitalized patients so that HF patients treated at an out-
patient clinic only might be missing from the registry,
resulting in an underestimation of the incidence of HF.
However, physicians are less likely to treat a severe HF pa-
tient without hospitalization as the Framingham criteria
used in this study tended to capture relatively advanced HF.
Second, this community based study was limited to the
Ninohe district, a rural area in Northeast Japan, and might
therefore be restricted in its generalizability to other areas
in Japan. However, other ethnicities are very rare in the
Japanese population (less than 2%), making the genetic
background relatively homogeneous. Moreover, the per-
centage of the population aged 265 years in the survey area
is identical to the value predicted for the Japanese popula-
tion in 2020. In light of this, the present study results might
assist our understanding of the future epidemiological
setting of HF in this country. Third, as the determination of
exact etiology of HF (ie, coronary artery disease, hyperten-
sive heart disease, valvular heart disease, cardiomyopathy,
myocarditis) by non-invasive examination in an epidemio-
logical setting has been reported to be difficult}* we did not
attempt to classify the etiology of HF in this study. Specifi-
cally, a predominantly elderly population is unlikely to be
systematically examined in detail for possible coronary
artery disease by coronary angiography or stress myocar-
dial perfusion imaging. Finally, the present study did not
evaluate the prognosis of HF, and thus could not compare
the prognosis for Japanese patients with HF to that of other
racial populations. Further community based studies using a
follow-up design would be needed to answer this question.

In conclusion, when compared with USA and European
community based studies of HF, the present HF cohort has
shown that: (1) mean age, prevalence of preserved ejection
fraction, and seasonal variability were comparable; how-
ever, (2) the incidence rate was obviously lower. These epi-
demiological and clinical characteristics should be taken
into consideration when establishing therapeutic and pre-
ventive strategies for HF.
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| Abstract

Objective: To examine whether dietary intake of n-3 polyunsaturated fatty acid (n-3PUFA) is associated with serum C-reactive protein (CRP)
levels with regard to smoking status in the Japanese general population in a cross-sectional study.

Methods and results: A total of 14,191 participants aged 40-69 years were enrolled and divided into quartile groups according to their intake
of n-3PUFA. Multivariate-adjusted logarithm-transformed CRP levels were compared between the quartile groups with regard to smoking
status after adjusting for traditional risk factors and intake of saturated fatty acids. Adjusted CRP levels were inversely associated with dietary
intake of n-3PUFA for both the male subjects and female subjects (p <0.05 for trend). A linear trend was not seen between intake of n-3PUFA
and adjusted CRP levels in male nonsmokers. Adjusted CRP level in the lowest quartie group of n-3PUFA was significantly higher than the
levels in other groups in male smokers.

Conclusion: Sufficient dictary intake of n-3PUFA may attenuate inflammatory reaction and this effect is more evident among high-risk
populations such as male smokers although the small numbers of female ex-smokers and nonsmokers limited statistical power to draw strong
conclusions about these groups.

© 2008 Elsevier Ireland Ltd. All rights reserved.

Keywords: n-3 Polyunsaturated fatty acid; C-reactive protein; Smoking; Nutrition; Risk factors

Accumulating evidence indicates that fish consumption is
inversely correlated with fatal coronary artery disease and

tained in marine fish and some plants, play a key role in the
prevention of CVD [3]. Possible mechanisms by which n-

other atherosclerotic cardiovascular diseases (CVDs) [1,2].
However, the underlying biochemical mechanism has not
been elucidated and the causal inference remains premature.
n-3 Polyunsaturated fatty acids (n-3PUFA), which are con-
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3PUFA lowers CVD mortality and morbidity are its effects
on cardiac arrhythmia, hemodynamics, endothelial function,
lipid metabolism, and coagulation function [4-8].

Chronic systemic inflammation plays a pivotal role in the
development of atherosclerosis [9]. Traditional risk factors
for atherosclerotic CVDs are thought to induce an inflamma-
tory reaction and cause the development of atherosclerosis
[9,10]. Cigarette smoking is considered a major factor respon-
sible for the promotion and progression of atherosclerosis
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[11,12], and smoking is also thonght to induce inflammatory
responses [13—15].

n-3PUFA is a precursor of anti-inflammatory cicosanoids,
and the anti-inflammatory effects of n-3PUFA may play
a key role in the prevention of CVDs. Favorable effects
due to the dietary intake of fish with regard to preventing
CVD are also evident, especially in high-risk populations,
including smokers [1,2,16,17]. This evidence suggests that
the anli-inflammatory effects ol n-3PUFA atlenuale active
inflammation, such as that related to smoking.

However, whether dietary intake of n-3PUFA is associated
with inflammatory reactions in the general population has not
yetbeen fully elucidated with regard to smoking status. In this
cross-sectional study, we examined the association between
dietary intake of n-3PUFA and serum CRP level, and we
compared the CRP levels in groups in the Japanese general
population categorized by smoking status.

1. Methods
1.1. Study subjects

The Iwate-KENCO Study (Iwate KENpoku COhort
Study) is a prospective cohort study of 26,472 Japanese
men and women who are undergoing annual health check-
ups [15]. The baseline survey was carried out between
2002 and 2004. Of these participants, 14,191 participants
aged 4069 years with serum CRP levels less than 10 mg/L
completed anthropometrical examinations, blood tests, self-
administered questionnaires regarding lifestyle, and food
frequency questionnaires. All participants provided written
informed consent prior to participation in the study. The study
was approved by the Medical Ethics Committee of Iwate
Medical University and conducted in accordance with the
guidelines of the Declaration of Helsinki.

1.2. Measurements

Anthropometrical examinations and blood pressure mea-
surements were performed in a unified manner [15].
Self-administered questionnaires about demographic charac-
teristics, history of cardiovascular disease, drug use, alcohol
consumption, and smoking were used to collect individual
information. Dietary habits during the previous month were
assessed using a brief self-administered diet history question-
naire (BDHQ). This was a 4-page structured questionnaire
consisting of three sections: general dietary behavior and
major cooking methods, frequency and amount of intake
of five alcoholic beverages, and frequency of consump-
tion of 50 selected food and nonalcoholic beverage items.
The food and beverage items and the standard portion
sizes in the BDHQ were derived. primarily from a self-
administered diet history questionnaire, a 16-page structured
questionnaire consisting of seven sections, which was used
previously by one of the authors [18,19]. Estimated dietary

intake of 48 food and beverage items, energy, and nutri-
ents were calculated using an ad hoc computer algorithm
for the BDHQ, which was based primarily on the Stan-
dard Tables of Food Composition in Japan [20]. Pearson’s
correlation coeflicients between intakes assessed using the
BDHQ and 16-day semi-weighed dietary records in 92
men and 92 women were 0.24 and 0.26 for energy, 0.34
and 0.33 for cholesterol, 0.50 and 0.55 for fat, 0.55 and
0.60 for saturated fatty acid, 0.50 and 0.57 for monoun-
saturated fatty acid, and 0.38 and 0.40 for polyunsaturated
fatty acid (energy density values), respectively (unpub-
lished observations, Sasaki, 2004). In addition, the intake of
eicosapentaenoic acid (EPA) + docosahexaenoic acid (DHA)
assessed using the BDHQ was significantly and positively
correlated with serum concentrations of EPA + DHA: Pear-
son’s carrelation coefficients were 0.37 (p <0.001) in 91 men
and 0.31 (p <0.01) in 91 women (unpublished observations,
Sasaki, 2004).

Serum levels of CRP were determined by the latex-
enhanced immunonephelometric method (Dade Behring
Diagnostics, Germany) using a threshold of 0.1mg/L. In
this estimation, CRP values under the minimum detectable
level were treated as 0.1 mg/L. Methods for measuring total
cholesterol (TC) levels, triglyceride (TG) levels, high-density
lipoprotein cholesterol (HDLC) levels, low-density lipopro-
tein cholesterol (LDLC) levels, plasma glucose levels, and
glycosylated hemoglobin (HbAj.) levels were previously
described in detail [15].

1.3. Classification and definition

The male and female subjects were divided into groups
according to their smoking status (current smokers, ex-
smokers, and nonsmokers). To examine the extent to which
dietary intake of n-3PUFA affects serum lipid levels and CRP
levels, we divided the male and female subjects into quartiie
groups according to their dietary intake of n-3PUFA. Several
studies have shown that alcohol intake [21] and exercise [22]
are associated with serum CRP levels. Regular drinking was
defined as drinking § days or more per week, and regular
exercise was defined as exercising (at least 60 min) 8 days or
more per month.

1.4. Statistical analysis

Student’s t-test was used to test for differences in sev-
eral parameters between two groups. A chi square test was
used to compare frequencies between categories. Compar-
isons of skewed data were performed using a Mann—Whitney
U test. To determine confounding factors that could affect the
association between dietary intake of n-3PUFA and serum
CRP levels, sex-specific multiple linear regression analyses
were performed using natural logarithm-transformed CRP
(In CRP) as a dependent variable and smoking status patterns
(current smoking and past smoking), regular drinking, reg-
ular exercise, age, BMI, SBP, intake of saturated fatty acid,
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intake of n-6PUFA, intake of n-3PUFA, HbA . level, HDLC
level, and LDLC level as independent variables.

After adjusting for factors (those significantly related to
In CRP levels in multiple regression analysis), adjusted CRP
levels (expressed as geometric means) of the quartile groups
were compared using analysis of covariance (ANCOVA).
Adjusted CRP levels were also compared between quar-
tile groups according to intake of long-chain n-3PUFA
(EPA + DHA) or according to intake of alpha linolenic acid
(ALA). Multiple comparisons were performed using Bon-
ferroni’s method. Linear trends across quartile groups were
confirmed after adjusting for confounding factors both in
male subjects and female subjects. Linear trend tests were
also performed across quartile groups separately by smok-
ing status. All p values were based on two-sided tests, and p
values less than 0.05 were considered statistically significant,
The Statistical Package for Social Sciences (SPSS JapanInc.,
Tokyo, version 14.0) was used for all analyses.

2. Results

Table 1 shows the demographic, biochemical, lifestyle,
and dietary characteristics of the male and female subjects for

Table 1

all smoking status. The proportions of current smokers were
35.5% in the male subjects and 3% in the female subjects.
Crude CRP levels in the male subjects were higher than those
in the female subjects (mean values: 0.86 in male subjects and
0.71 mg/L in female subjects, p <0.05). Mean dietary intake
of n-3PUFA was 4.0 g/day (1.4% of total energy intake) in
the male subjects and 3.3 g/day (1.6% of total energy intake)
in the female subjects, intake of saturated fatty acid was
15.5 g/day (5.5% of total energy intake) in the male subjects
and 13.8 g/day (6.7% of total energy intake) in the female
subjects, and the ratio of n-6PUFA to n-3PUFA in the diet
was 3.3 in the male subjects and 3.4 in the female subjects.
Mean age was higher in nonsmokers than in others both in
male and female subjects. The proportion of regular drinkers
was higher than that of ex-drinkers or nondrinkers in current
smokers both in men and women.

Table 2 shows the demographic, biochemical, and lifestyle
characteristics of the subjects by quartile groups created
according to the dietary intake of n-3PUFA. Higher intake of
n-3PUFA was associated with more advanced of age, higher
SBP, lower TG levels, and lower LDLC levels in the male
subjects. In the female subjects, a higher intake of n-3PUFA
was associated with more advanced age, lower TG levels,
and higher HDLC levels. Crude CRP levels in the lowest

Demographic, biochemical, lifestyle, and dietary characteristics of the study subjects

Male subjects

Female subjects

Nonsmoker Ex-smoker Current smoker Nonsmoker Ex-smoker Current smoker
Subjects (n) 1547 1261 1543 9399 148 293
Age (years) 60.4 (7.2) 59.9 (7.6) 56.6 (8.3) 579 (7.7) 24.0 (3.3) 513(74)
BMI (kg/m?) 24.4 (2.9) 24.5(2.8) 23.7(2.9) 24.0 (3.3) 24.4 (4.2) 234 (3.9
SBP (mmHg) 129.5 (18.8) 130.2 (18.7) 127.3 (19.6) 123.5(19.3) 120.0 (194) 118.0(19.1)
TC (mg/dL) 193.8 (32.6) 197.5(31.7) 192.1 (33.8) 207.0 (32.2) 202.1 (33.8) 205.0 (35.0)
TG (mg/dL) 122.8 (71.5) 137.9 (100.1) 142.2 (95.2) 111.7 (64.4) 114.1 (70.8) 1359 (155.2)
HDLC (mg/dL) 56.9 (15.2) 56.4 (15.3) 55.4(15.2) 61.9 (14.3) 65.0 (15.7) 62.7 (15.2)
LDLC (mg/dL) 115.4 (29.0) 118.0 (28.2) 113.6 (31.9) 124.7 (28.9) 117.8 (29.0) 121.0 (32.2)
PG (mg/dL) 1129 31.4) 1134 (33.3) 113.9 (38.9) 105.2 (24.8) 101.0 (20.2) 101.5 (32.4)
HbA ¢ (%) 5.08 (0.67) 5.15(0.76) 5.14 (0.77) 5.08 (0.62) 4.98 (0.59) 5.01 (0.71)
CRP (mg/L) 0.75 (1.14) 0.89 (1.24) 0.95 (1.24) 0.71 (1.08) 0.77 (1.26) 0.74 (1.25)
% of drinkers 42.0% 50.5% 58.6% 4,3% 19.6% 18.8%
% of Reg ex 16.9% 20.6% 11.9% 11.5% 13.5% 154%
Ex/month 3.68 (8.56) 4.39 (9.29) 2.63 (7.48) 2.30(6.74) 2.73 (7.05) 3.53 (8.65)
Dietary intake of each variable: expressed as g/day (% of total energy)
Carbohydrate 358.8 (56.3%) 337.9 (55.0%) 348.3 (54.8%) 260.1 (57.3%) 238.0 (55.6%) 232.2 (55.4%)
Protein 97.4 (15.3%) 93.5 (15.2%) 92.5 (14.5%) 74.2 (16.1%) 65.5 (15.1%) 65.5 (15.2%)
Total fat 65.0 (22.8%) 61.0 (22.1%) 60.1 (21.1%) 53.4 (25.9%) 50.1 (25.5%) 47.4 (24.8%)
SFA 16.3 (5.8%) 15.5 (5.6%) 14.8 (5.2%) 13.8 (6.7%) 13.5 (6.9%) 12.4 (6.5%)
MUFA 21.8 (7.6%) 20.5 (7.4%) 20.4 (7.1%) 17.9 (8.6%) 17.0 (8.6%) 16.1 (8.4%)
PUFA 17.6 (6.2%) 16.4 (5.9%) 16.4 (5.7%) 14.1 (6.8%) 12.8 (6.5%) 12.3 (6.5%)
n-3PUFA 4.2 (1.5%) 3.9 (14%) 3.9 (1.4%) 3.3 (1.6%) 2.8 (1.5%) 2.8 (1.5%)
n-6PUFA 13.2 (4.6%) 12.2 (4.4%) 12.3 (4.3%) 10.6 (5.1%) 10.0 (5.1%) 9.5 (5.0%)
EPA +DHA 2.0 (0.7%) 1.8 (0.7%) 1.9 (0.6%) 1.5 (0.7%) 1.1 (0.6%) 1.2 (0.6%)
« linolenic acid 2.2 (0.8%) 2.1 (0.7%) 2.1 (0.7%) 1.8 (0.9%) 1.7 (0.9%) 1.6 (0.8%)
n6/n3 ratio 33(09) 3.3(1.0) 33(1.0) 3.4(0.9) 3.6(0.9) 3.6 (1.0)

Data are expressed as means (S.D.s) or percentages. Abbreviations: BMI, body mass index; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride;
HDLC, high-density lipoprotein cholesterol; LDLC, low-density lipoprotein cholesterol; PG, plasma glucose; HbAlc, percentage of glycosylated hemoglobin;
CRP, C reactive protein; smokers, current smokers; drinkers, regular drinkers; Reg ex, regular exercise; SFA, saturated fatty acid; MUFA, monounsaturated
fatty acid; PUFA, polyunsaturated fatty acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; n6/n3 ratio, ratio of dietary n-6PUFA to n-3PUFA.
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Table 2

Demographic, biochemical, and lifestyle characteristics of the subjects by quartile group (as determined by dietary intake of n-3PUFA)
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Q4 groups according to dietary intake of n-3

PUEFA (% of total energy)

Q1

Men (0.15-1.0%)

Women (0.24-1.2%)

Q2

Men (1.0-1.4%)
Women (1.2-1.5%)

Q3

Men (1.4-1.7%)
Women (1.5-1.9%)

Q4

Men (1.7-4.2%)
Women (1.9-6.4%)

Male subjects 1088 1087 1088 1088

Age (years) 56.9 (8.6) 58.2 (8.0) 59.5(1.5) 61.0 (7.0)

BMI (kg/m?) 242 (2.9) 24.1 (2.8) 24.2 (3.0) 242 (2.9)

SBP (mmHg) 128.2 (18.9) 129.0 (18.7) 129.1 (19.1) 129.4 (19.8)

TC (mg/dL) 195.7 (33.4) 194.0 (33.4) 195.6 (32.3) 191.8 (32.1)

TG (mg/dL) 144.4 (106) 137.2 (85.6) 134.2 (91.2) 120.7 (78.9)

HDLC (mg/dL) 56.0 (15.2) 55.8 (14.6) 56.9 (15.5) 56.3 (15.6)

LDLC (mg/dL) 116.5 (30.2) 115.7 (30.5) 115.8 (30.0) 113.9 (29.0)

PG (mg/dL) 114.2 (37.8) 111.9 (31.9) 113.0 31.4) 114.6 (37.4)

HbA ¢ (%) 5.11(0.82) 5.10 (0.66) 5.09 (0.63) 5.18 (0.80)

CRP (mg/L) 0.91 (1.25) 0.85(1.22) 0.84 (1.17) 0.85 (1.19)

Smokers (%) 39.4 37.6 32.8 322

Ex-smokers (%) 29.7 28.1 294 28.7

Drinkers (%) 54.4 53.4 49.8 43.8

Reg ex (%) 13.2 15.0 18.8 20.6
Female subjects 2459 2460 2460 2461

Age (years) 56.8 (8.1) 56.8 (8.1) 57.7 (1.8} 59.3(71.1)

BMI (kg/m?) 24.0 3.4) 24.0(3.4) 239 (3.3) 24.1(34)

SBP (mmHg) 123.1 (19.3) 123.4 (20.0) 122.6 (18.9) 124.2 (19.1)

TC (mg/dL) 205.6 (32.1) 207.7 (32.5) 206.3 (32.0) 207.9 (32.6)

TG (mg/dL) 116.7 (82.3) 113.5 (65.4) 110.4 (62.3) 109.1 (64.0)

HDLC (mg/dL) 61.4 (14.1) 61.9 (14.5) 62.3 (14.1) 62.4 (14.6)

LDLC (mg/dL) 123.6 (29.2) 125.8 (29.7) 124.1 (28.3) 124.6 (28.8)

PG (mg/dL) 104.8 (26.4) 105.3 (27.3) 104.3 (21.4) 105.7 (24.5)

HBA ¢ (%) 5.08 (0.67) 5.06 (0.63) 5.06 (0.53) 5.12 (0.65)

CRP (mg/L) 0.74 (1.15) 0.71 (1.10) 0.65 (0.95) 0.75 (1.15)

Smokers (%) 4.1 3.0 2.7 2.1

Ex-smokers (%) 2.0 1.7 1.5 0.9

Drinkers (%) 7.2 4.9 39 3.8

Reg ex (%) 9.8 11.0 12.0 13.1
Data are expressed as means (S.D.s) or percentages. Abbreviations are the same as those in Table 1.
Table 3
Standardized regression cocfficients by multiple regression analysis predicting logarithm-transformed CRP

Men (4351) Women (9840)
Standardized coefficient p value Standardized coefficient p value

Age (years) 0.119 <0.001 0.086 <0.001
BMI (kg/m?) 0.176 <0.001 0.291 <0.001
SBP (mmHg) 0.040 0.008 0.059 <0.001
HDLC (mg/dL) —0.157 <0.001 —0.131 <0.001
LDLC (mg/dL) 0.057 <0.001 0.043 <0.001
HbA ¢ (%) 0.084 <0.001 0.091 <0.001
Current smoking 0.149 <0.001 0.013 0.179
Ex-smoking 0.074 <0.001 0.005 0.610
Regular drinking 0.041 0.022 —0.006 0.551
Regular exercise ~-0.018 0.216 —0.014 0.138
Carbohydrate intake (%) —0.017 0.424 —0.037 0.070
SFA intake (%) 0.047 0.014 0.017 0.235
n3 intake (%) —0.054 0.010 —0.038 0.012
n6 intake (%) ~0.012 0.518 —0.008 0.464

Abbreviations are the same as those in Table 1.
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