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quartile group were higher than those in each of the other
three groups for the male subjects (p <0.05, Mann—-Whitney
U test). On the other hand, there was no difference between
mean crude CRP levels in the quartile groups for the female
subjects. Higher intake of n-3PUFA was associated with
lower percentage of smokers, lower percentage of drinkers,
and higher percentage of subjects performing regular
exercise.

Table 3 shows the results of multiple linear regression
analyses using In CRP as the dependent variable and smok-
ing status patterns and other factors as independent variables.
“Current smoking™ and “ex-smoking” were significantly cor-
related with In CRP levels in the male subjects but not in the
female subjects. Age, BMI, systolic blood pressure, levels
of HDLC, LDLC, and HbAlc, intake of SFA, and intake of
n-3PUFA were related to In CRP level in both sexes. Regular
drinking was also correlated with In CRP level, but regu-
lar exercise was not associated with In CRP level. The high
levels of correlation among the explanatory variables pro-
duce challenges for statistical modelling to ensure the results
are not artifacts of collinearity. We also performed multiple
regression analyses using the products of pairs of explanatory
variables as independent variables to adjust for interactions
between explanatory variables. The results were unchanged
even after adjusting for interactions between explanatory
variables (data not shown).

Table 5

189

Non-adjusted and adjusted geometric mean levels of CRP
in the quartile groups according to intake of n-3PUFA,
according to intake of long-chain n-3PUFA, or according to
intake of ALA are shown in Table 4. Multiple comparisons
showed significant difference only between the QI category
and Q4 category according to intake of n-3PUFA (0.54 vs.
0.46, p <0.05) in male subjects. Linear trends across quar-
tile groups according to intake of n-3PUFA or according
to intake of long-chain n-3PUFA existed both in male and
female subjects. The higher the intake of n-3PUFA was, the
lower adjusted CRP level was. The higher the intake of long-
chain PUFA was, the lower the adjusted CRP level was. A
linear trend across quartile groups according to intake of ALA
existed only in male subjects. In female subjects, slightly ele-
vated CRP levels in Q1 and equal levels in Q2, Q3, and Q4
categories were observed.

Table 5 shows. adjusted geometric means of CRP level
in the quartile groups separately by smoking status. Linear
trends across quartile groups were shown in both smokers
and ex-smokers in the male subjects. Multiple comparisons
showed significant differences in CRP levels between the Q1
and Q2 categories, between the Q1 and Q3 categories, and
between the Q1 and Q4 categories in male smokers (0.54 vs.
0.48, 0.48, 0.48, or 0.46, p <0.05). The difference between
CRP levels in the QI and Q4 categories was also signifi-
cant in male cx-smokers. A significant difference was not

Adjusted geometric means of CRP level in the quartile groups according to dietary intake of n-3PUFA separately by smoking status
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Data are expressed as adjusted geometric means (95% CI). Adjusted geometric means of CRP level for persons aged 60 years with BMI of 24 (kg/m2), SBP
of 128 (mmHg), HDLC of 56.0 (mg/L), LDLC of 117.0 (mg/L) HbAlc of 5.10 (%), intake of saturated fatty acid of 5.5% of total energy, and regular drinking
(mean). 95% C1 (confidence interval) is based on standard errors fram analysis of covariance, p values were determined by analysis of covariance. Multiple

comparisons were performed using Bonferroni’s method.
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found in CRP levels between the groups in male nonsmok-
ers. Although differences in CRP levels between groups were
small, a significant linear trend across the quartiles was found
in female nonsmokers.

3. Discussion

The main lindings ol this study were (1) adjusted CRP
levels were inversely associated with dietary intake of n-
3PUFA or dietary intake of long-chain n-3PUFA for both
the male subjects and female subjects, (2) the inverse rela-
tionship between adjusted CRP levels and dietary intake of
n-3PUFA was more evident in smokers than in nonsmok-
ers in the male subjects, and (3) male smokers taking a low
dose of n-3PUEA (in the lowest quartile group) had signifi-
cantly higher levels of adjusted CRP than those in other male
subjects.

Although a linear trend between dietary intake of n-
3PUFA and serum CRP levels exists, we also plotted the
adjusted geometric mean CRP levels in 20 equally partitioned
subgroups according to their intake of n-3PUFA in order to
show a non-linear effect between CRP levels and intake of
n-3PUFA. An interpolation curve obtained by using spline
function showed a steep descent between categories 2 and
3 and a gradual descent between C3 and C20. The spline
curve suggests that a cutoff point exists at the C3 point (i.e.,
0.91% of energy) and this point possibly means n-3PUFA
requirement to maintain attenuated inflammatory reaction
(sce additional figurce as supplementary appendix).

This study also revealed gender-based differences in CRP
levels. However, when subjects were limited to nonsmok-
ers, the adjusted CRP levels were almost the same in the
male and female subjects (0.42mg/L in male nonsmokers
vs. 0.44 mg/L in female nonsmokers). Considering the low
rate of smoking among women and the high rate of smoking
among men in this study, the sex-based difference in adjusted
CRP levels is probably due to the difference in smoking
prevalence between men and women.

The results of this study suggest that activated inflam-
mation is independently attenuated by high-dose dietary
intake of n-3PUFA, especially in male smokers. Since n-
3PUFAs are precursors of anti-inflammatory eicosanoids
(such as prostaglandin 13, prostaglandin E3, thromboxane
A3, and leukotriene B5), n-3PUFAs are hypothesized to
attenuate the inflammatory response [23,24]. Several stud-
ies have been carried out to determine the associations
hetween dietary intake of n-3PUFA (or fish) and levels of
inflammatory markers, Pischon et al. showed that dietary
intake of n-3PUFA was inversely associated with plasma
levels of soluble tumor necrosis factor (TNF) receptors and
somewhat less with C-reactive protein in healthy men and
women [23,25]. Ciubotaru el al. showed thatl dietary fish
oil reduces levels of C-reactive protein and interleukin-6
in postmenopausal women undergoing hormone replace-
ment therapy (HRT) [26]. These studies suggest that intake

of n-3PUFA (or lish) decreases the levels of inllammatory
cytokines and CRP levels in healthy subjects. The effect of
n-3PUFA intake on serum CRP levels is more evidentin high-
risk subjects, such as women undergoing HRT. Some studies
showed that both CRP levels and other inflammation-related
markers were influenced by intake of n-3PUFA. However,
we did not measure the levels of interleukins, TNF-alfa, or
other inflammation-related agents such as matrix metallo-
proteinase or macrophage colony-stimulating factor, and we
therefore can not discuss the possibility of effects on different
inflammation-related pathways due to n-3PUFA.

Rodriguez et al. showed that the favorable effects of fish
consumption were more evident in male smokers than that
in male nonsmokers in Japanese Americans living in Hawaii
[17]. Notably, the apparent preventive elfects of fish con-
sumption on cardiac events in their study and the apparent
anti-inflammatory eflect of dietary intake of n-3PUFA in our
study are commonly observed in male smokers. Although
the underlying biochemical mechanism was not discussed
in their report, the anti-inflammatory cffects of n-3PUFA are
thought to contribute to the mechanisms that decrease cardiac
events in heavy-smoking males.

Several limitations to our study should be noted. The
cross-sectional design of the present study tolerates uncer-
tainty of causal relationships. A single instance of blood
sampling may be susceptible to short-term variation. Because
determination of dietary variables, including fatty acid, was
based on a self-administered food frequency questionnaire,
information on dietary variables might have been overesti-
mated or underestimated. Socio-economical status (SES) is
one of the important confounding factors. However, there was
little information about SES in this study and this is one of the
limitations. Exercise habit is also one of the important factors
that are associated with CRP levels. We performed regression
analysis using exercise-related variables and other factors as
explanatory variables in three ways: regular exercise, times
per month, and quartile categories. There was no relation-
ship between exercise habit and CRP levels in any of the
three patterns. We thought that information about exercise in
this study was not sufficient for adjusting for confounding
effects. The small numbers of female ex-smokers (1.5%) and
female nonsmokers (3%) limited statistical power to draw
strong conclusions about these groups. The small number of
individuals who consumed small amount of n-3PUFA was
also one of the limitations.

Despite the lack of causal relationships, based on our find-
ings and those of others, it is reasonable to conclude that
sufficient dietary intake of n-3PUFA may atlenuale inllamma-
tory reaction and that this effect is more evident in high-risk
populations such as male smokers.
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Chairman: Akira Okayama (The First Institute of Health
Service, Japan Anti-Tuberculosis Association, Tokyo)

Principal investigators: Akira Ogawa, Motoyuki Naka-
mura, YasuoTerayama, Kazuyoshi Itai, Toshiyuki Onoda,
Masaki Ohsawa, Kozo Tanno, Kiyomi Sakata, Yuki Yoshida
(Iwate Medical University, Morioka), Mitsumasa Tazawa
(Morioka Public Health Care Center), Kazuko Kawamura
(Iwate Health Service Association), Toru Kuribayashi (Iwate
University, Morioka)

Appendix B. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.atherosclerosis.
2008.01.008.
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Abstract

Background: People living in the northeastern part of Japan have high prevalences of hypertension and stroke. The current status of
cardiovascular risk factors in them should be elucidated.

Methods: The survey was carried out from 2002 to 2004 in the northeastern part of the main island of Japan. A total of 26,472 Japanese men
and women were enrolled (acceptance rate: 84.5%). Sex- and age-specific prevalences of cardiovascular risk factors were determined. Mean
values of predictive markers (high-sensitivity C reactive protein (hsCRP), brain natriuretic peptide (BNP) and microalbuminuria) were also
determined in each group. Risk factor-related variables in non-hypertensive subjects and hypertensive subjects were compared.

Results: Proportions of subjects with hypertension, diabetes and dyslipidemia were 46.0%, 7.6%, and 30.3%, respectively, in males and
38.6%, 4.0%, and 38.5%, respectively, in females. Mean values of hsCRP and BNP were 1.41 mg/L and 26.5 pg/mL, respectively, in males
and 1.01 mg/L and 23.7 pg/mL, respectively, in females. Proportions of male and female subjects with microalbuminuria were 22.0% and
23.4%, respectively. These markers become higher with advance of age. Prevalence of atrial fibrillation was 1.56%, and it increased with
advance of age in both men and women. High prevalences of cardiovascular risk factors in this area were found. Hypertensive subjects who
did not take anti-hypertension medication accounted for about 20% of total subjects and their blood pressure remained poorly controlled.
Conclusion: Attention should be given to cardiovascular risk factors in the Japanese northeastern rural population.

© 2008 Elsevier Ireland Ltd. All rights reserved.

Keywords: Cardiovascular risk factors; C-reactive protein; Brain natriuretic peptide; Microalbuminuria; Afrial fibrillation; The Twate-KENCO study
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Fig. 1. The study area. This figure shows a map of Japan and a map of [wate
Prefecture. Twate Prefecture is located in the northeastern part of the main
island (Honshu Island) of Japan. The black area of Iwate Prefecture indicates
the study area. Kenpoku means northern part of the prefecture in Japanese.

‘We have conducted a population-based prospective cohort
study in the northeastern part of Japan. The aims of the
present study were to determine the age- and sex-specific
prevalences of cardiovascular diseases (CVD) and their risk
factors by a cross-sectional analysis of data from the initial
survey. We also compared cardiovascular risk factor-related
characteristics in hypertensive subjects and non-hypertensive
subjects to clarify the status of clustering risk factors in
hypertensive subjects.

2. Subjects and methods
2.1. Study subjects

The “Iwate KENpoku COhort Study (Iwate-KENCO
Study)” is a population-based prospective study in people
living in the northeastern part of the main island of Japan
(Fig. 1). The initial surveys were carried out from 2002 to
2004. Each survey was conducted from April to November.
The study area is a typical rural area of Japan with a low
move-out/move-in population, high proportion of people
engaged in primary industry (18.4%) [4] and high proportion
of elderly people (people aged 65 years or more: 26.2% of the

227

total population). The study area consists of 17 munici-
palities, and the total population of the region in 2002 was
241,057. Invitations to multiphasic health screening were
issued by government offices in the municipalities. A total of
31,318 people (11,003 men and 20,315 women) aged
18 years or older participated in annual health check-ups
from 2002 to 2004 in the study area. Of those participants,
26,472 men and women gave written informed consent for
participation in this study (acceptance rate: 84.5%). Sex- and
age-specific numbers and proportions of participating sub-
jects and acceptance rates are shown in Table 1. 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.

2.2. Measurements

Measurements of blood pressure were performed by well-
trained staff. Weight was measured with an automated scale
(TANITA digital scale Model BWB-200). Height was
measured using a digital handle scale (YAGAMI model
48525YG-200D). Blood pressure was measured twice in the
sitting position using an automatic device (BP-103i IIModel
513000, Nippon Colin, Komaki, Japan) after urination and a
five-minute rest. Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were cach calculated as the mean of
two measurements. Body mass index (BMI) was calculated
as weight (kg) divided by the square of body height (m).

Self-administered questionnaires on demographic char-
acteristics, history of cardiovascular disease and apoplexy,
drug use, alcohol consumption, smoking, and exercise habit
were used to collect individual information. Details were
described previously [5].

A nutrition survey was carried out in each municipality.
This survey was an optional survey and was carried out at each
participant’s own discretion (executing rate: 72.4%). Dietary
habits during the previous month were assessed using a brief

Table 1

Age- and sex-specific numbers of participants, acceptance rates, and proportions of total population in the study area.

Age group 18-29 30-39 40-49 50-59 60—-69 70-79 =80 Total

Total population in the study area (1) 18,692 26,036 29,850 35,001 33,673 29,301 14,494 233,307
Participants of check-ups (n) 330 1302 3289 6449 11,038 8115 1078 31,318
Participants of the study (1) 266 1064 2793 5537 9376 6869 797 26,472
Acceptance rate (%) 80.6% 81.7% 84.9% 85.9% 84.9% 84.6% 73.9% 84.5%
Proportion of total population (%) 1.4% 4.1% 9.4% 15.8% 27.8% 23.4% 55% 11.3%

Total male population (r) 9326 12,940 15,019 17,113 15,081 12,475 4379 109,749
Participants of check-ups () 108 367 1005 1841 3930 3345 498 11,003
Participants of the study (n) 83 296 813 1520 3281 2863 385 9162
Acceptance rate (%) 76.9% 80.7% 80.9% 82.6% 83.5% 85.6% 717.3% 83.3%
Proportion of total population (%) 0.9% 2.3% 5.4% 8.9% 21.8% 22.9% 8.8% 8.3%

Total female population (i) 9366 13,096 14,831 17,888 18,592 16,826 10,115 123,558
Participants of check-ups (n) 214 935 2284 4608 7108 4770 580 20,315
Participants of the study (n) 180 768 1980 4017 6095 4006 412 17,310
Acceptance rate (%) 84.1% 82.1% 86.7% 87.2% 85.7% 84.0% 71.0% 85.2%
Proportion of total population (%) 1.9% 5.9% 13.4% 22.5% 32.8% 23.8% 4.1% 14.0%

Data are expressed as numbers or percentages.
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self-administered diet history questionnaire (BDHQ). This is a
4-page structured questionnaire that consists of three sections:
general dietary behavior and main cooking methods, con-
sumption frequencies and amounts of intake of 5 alcoholic
beverages, and frequencies of consumption of 50 selected food
and nonalcoholic beverage items. Estimates of dietary intake
of 48 food and beverage items, energy and nutrients were
calculated using an ad hoc computer algorithm for the BDHQ,
which was mainly based on the Standard Tables of Food
Composition in Japan [6]. Results of validation study for the
BDHQ were previously described in detail {7].

A resting 12-lead electrocardiogram was recorded in each
participant after a five-minute rest. The electrocardiographic
findings were independently evaluated by a trained clinical
technician and a medical doctor in Iwate Health Service
Association according to the original coding system developed
by Iwate Health Association. In this study, sex- and age-
specific prevalences of atrial fibrillation (AF) were determined.
AF was defined according to the original coding system
(including paroxysmal atrial fibrillation and atrial flutter).

2.3. Biochemical analyses

Casual blood samples were drawn from antecubital veins
of seated participants. The samples were transported to a
laboratory (Iwate Health Service Association) and analyzed
on the same day.

Total cholesterol (TC) levels were determined by an
enzymatic assay, triglyceride (TG) levels were determined
by an enzyme-colorimetric assay, high-density lipoprotein
cholesterol (HDLC) levels and low-density lipoprotein
cholesterol (LDLC) levels were determined by a direct
quantitative assay, and plasma glucose levels were deter-
mined by the hexokinase ultraviolet method. All of the above
biochemical data were analyzed using an automated analyzer
(HITACHI 7700). Glycosylated hemoglobin (HbA, ) levels
were determined by high-performance liquid chromatogra-
phy using an automated analyzer (TOSOH HLC-723G7
Japan). Determinations of TC levels and HDLC levels were
performed under the quality control program of the Center
for Disease Control in the United States [5].

Serum levels of high-sensitivity C-reactive protein (hsCRP)
were determined by the fatex-enhanced immunonephelometric
method (Dade Behring Diagnostics, Germany) with a thresh-
old of 0.1 mg/L. In this estimation, hsCRP values under the
minimum detectable level were regarded as being 0.1 mg/L.
Plasma brain natriuretic peptide (BNP) levels were measured
by a direct radioimmunoassay using monoclonal antibodies
specific for human BNP (Shiono RTA BNP kit, Shionogi and
Co., Ltd., Japan). Plasma BNP assays were performed for
65.6% of the subjects in the study. The method for measuring
plasma BNP levels was previously described in detail [8].

Urine albumin was assessed quantitatively by an immuno-
nephelometric method (N-antiserum albumin, Dade Behring)
and urine creatinine was measured quantitatively by an
enzymatic colorimetric test [9]. The urine albumin—creatinine

ratio (UACR) was used since the accuracy of the ratio in
comparison to a 24-hour urine sample has been demonstrated
in previous studies [10,11].

2.4. Classification and definition

To examine to what extents traditional risk factors, dietary
intake of nutrients and new predictive markers (hsCRP, BNP,
and urine albumin) are associated with age i a cross-sectional
analysis, we divided the patticipants into age-specific groups
(18-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80 years or
older) for both sexes. Hypertension was defined as SBP being
140 mmHg or higher, DBP being 90 mmHg or higher, use of
antihypertensive agents or a combination of these. Diabetes
mellitus (DM) was defined as plasma glucose level being
200 mg/dL or higher, plasma HbA,c level being 6.5% or
higher, use of anti-diabetes agents or a combination of these.
Dyslipidemia was defined as serum TC level being 220 mg/dL
or higher, serum HDLC level being less than 40 mg/dL, use of
anti-hyperlipidemia agents or a combination of these. In
current drinkers, regular alcohol drinking was defined as
drinking five days or more per week and occasional drinking
was defined as drinking less than five days per week. In non-
current drinkers, subjects were divided into past drinkers and
non-drinkers. Regular exercise was defined as doing exercise
for at least 60 min eight days or more per month, and exercise
habit was defined as doing exercise for at least 60 min per
month. Overweight was defined as BMI being 25 kg/m” or
more and obesity was defined as BMI being 30 kg/m* or more.

In most previous studies, subjects with high CRP level
(10 mg/L or higher) were excluded to avoid analysis of data
from subjects who had developed apparent inflammatory
disease [12]. Both mean hsCRP level in all subjects and that
in subjects after excluding subjects with hsCRP levels
greater than 10 mg/L, are shown in this study. We defined
high BNP level as 50 pg/mL or more according to our
previous study [8]. Macroalbuminuria was defined as UACR
being 300 mg/g or more, and microalbuminuria was defined
as UACR being 30 mg/g or more and less than 300 mg/g. To
estimate the proportion of participants with microalbumi-
nuria, subjects with macroalbuminuria were excluded.

2.5. Statistical analysis

Prevalences of risk factors were determined in each age-
and sex-specific group. Mean values (standard deviations) of
risk factor-related variables were also determined in each
group. Linear trend tests were used to examine the
association between age and each variable after adjusting
for other traditional risk factors (SBP, BMI, TC, HDLC,
HbA,,,, and current smoking status). Comparisons of hsCRP
levels, BNP levels, and urinary albumin levels in men and
women were performed using the Mann—Whitney U test.
The chi-square test was used to compare the proportions
of subjects between the groups. Sex difference in the
prevalence of AF was tested after direct age adjustment.
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Age-adjusted SBP, TC, HDLC, LDLC, and HbA . were
compared between the three groups according to presence of
hypertension (non-hypertensive subjects, hypertensive sub-
jects with medication, hypertensive subjects without medica-
tion) using analysis of covariance (ANCOVA). Prevalences
of overweight, obesity, DM, and dyslipidemia were also
compared between the three groups using age-adjusted odds
ratios (ORs) and 95% confidence intervals (CIs) by logistic
regression analysis.

All p values were based on two-sided tests, and p values
less than 0.05 were considered to be statistically significant.
The Statistical Package for Social Sciences (SPSS Japan Inc.,
version 14.0, Tokyo) was used for the analyses.

3. Results

Table 2 shows age- and sex-specific characteristics of
participants with regard to demographic, biochemical and

229

comorbid conditions. SBP and HbA,, levels were higher
with ‘advance of age in both sexes (trend p<0.01).
Prevalences of hypertension and DM were higher with
advance of age in both sexes (trend p<0.01). The
proportions of subjects with hypertension were more than
50% in males aged 50 years or older and in females aged
60 years or older. The proportions of subjects with
dyslipidemia were about 30% in middle-aged males and
about 40% in females aged 50 years or older. Prevalences of
myocardial infarction and stroke were very low in both
sexes.

Table 3 shows age- and sex-specific proportions of
subjects with a smoking habit, drinking habit, and exercise
habit. The proportion of current smokers in males aged
49 years or younger was more than 50%. The proportion of
current smokers was very low in the female subjects, but it
exceeded 15% in females aged 39 years or younger. The
proportion of regular drinkers in middle-aged male subjects

Table 2
Age- and sex-specific prevalences of cardiovascular diseases and mean levels of their risk factor-related variables.
Age group Men (n) 18-29 30-39 40-49 50-59 60-69 70-79 >80 Total Trend Sex
difference
Men (n) 86 214 813 1520 3281 2863 385 9162
BMI kg/m”) 224 (3.8) 242(3.5) 241D 243 (33.0) 2419 23630 23029 239(3.0) t
BMI= 25 25.6% 36.0% 34.9% 39.1% 36.3% 30.9% 21.3% 34.2%
BMI =30 5.8% 5.6% 4.2% 4.2% 2.8% 2.2% 0.8% 3.0%
SBP (mmHg) 1142 (11.6) 119.9 (15.7) 122.1 (164) 127.5(19.0) 131.9(19.7) 133.8 (19.5) 136.9 (20.7) 130.7 19.6) ¥ i
TC (mg/dL) 171.7 (35.6) 192.3 (36.7) 197.1(36.2) 1958 (32.2) 191.4(32.0) 188.0 (31.3) 184.2 (30.4) 191.1 (32.5)
TG (mg/dL) 122.4 (85.6) 144.0 (97.1) 154.4 (106.6) 135.7 (93.5) 124.6(83.3) 113.1 (68.3) 104.3 (54.1) 125.1 (83.6)
HDLC (mg/dL) 53.7(13.4) 553(13.9) 564 (156) 568 (155) 56.1(154) 555(152) 543 (13.4) 56.0 (15.2)
LDLC (mg/dL)y 102.1 (33.5) 116.7(32.7) 1173 (32.5) 1163 (294) 1134 (294) 111.9 (27.6) 109.7 (27.5) 113.6 (29.3)
PG (mg/dLy  92.8 (14.6) 99.0(30.1) 107.8(35.9) 113.4 (354) 1158 (34.6) 116.6 36.7) 117.6 (34.5) 1144 (35.5) ¢t i
HbA (%) 468 (0.30) 4.81 (0.49) 4.99 (0.81)  5.12(0.74) 5.18(0.73) 520(0.74) 5.17(0.63) S5.14 (077
Ml 0.0% 0.0% 0.0% 0.1% 0.8% 1.4% 1.3% 0.8% i
Stroke 0.0% 0.0% 0.1% 0.3% 0.4% 0.7% 0.3% 0.4% i
DM 0.0% 0.9% 3.8% 6.7% 8.4% 9.1% 7.8% 7.6% T t
HTN 0.0% 10.7% 21.4% 35.4% 50.0% 55.9% 61.6% 46.0% t i
DL 22.1% 30.4% 33.0% 33.3% 30.1% 29.0% 27.0% 30.3%
Women (n) 180 620 1980 4017 6095 4006 412 17,310
BMI Gkg/mry  217(43) 22537 234 (3.6 240 (34) 243(334) 24335 24035 24.0(3.5)
BMI =25 (%) 13.9% 22.1% 28.0% 35.1% 39.9% 40.4% 34.8% 36.5%
BMI =30 (%) 6.7% 4.8% 5.3% 5.5% 5.5% 6.0% 3.5% 5.5%
SBP (mmHg) 102.1 (11.1) 107.5(14.1) 1151 (16.8) 121.9 (19.3) 1279 (194) 1323 (19.6) 1353 (20.7) 1252 (20.1) §
TC (mg/dL) 167.8 (29.0) 176.5(30.0) 1923 (31.6) 209.6 (32.7) 209.4 (30.8) 206.3 (30.3) 201.2 (33.1) 205.0 (32.4)
TG (mg/dL)  75.7 (69.3) 89.3(62.5) 982(774) 112.1(68.3) 117.5(64.6) 117.5(62.7) 113.2 (54.5) 112.5 (66.9)
HDLC (mg/dL) 62.7 (14.6) 633 (14.1) 63.6(14.5) 63.0(144) 604 (142) 59.6 (14.3) 58.6 (13.4) 61.2(144)
LDLC (mg/dL) 95.1(26.7) 100.8 (26.1) 113.1 (28.2) 126.1(29.7) 127.0 (27.8) 124.8 (27.0) 121.5(28.1) 123.3 (28.9)
PG (mg/dL)  90.7 (11.9) 94.1(14.3) 100.7 (22.2) 104.4(25.0) 108.0(26.9) 110.9 (28.3) 116.6 (33.6) 106.5(26.5) T
HbA (%) 4.65(0.28) 4.75(041) 4.83(0.52) 5.08(0.64) 5.16(0.66) 521(0.62) 523(0.72) 5.10(0.63)+
MI 0.0% 0.0% 0.0% 0.0% 0.2% 0.6% 1.7% 0.3%
Stroke 0.0% 0.2% 0.2% 0.2% 0.3% 0.2% 0.7% 0.2%
DM 0.0% 0.2% 1.8% 3.0% 4.3% 5.9% 7.5% 4.0% t
HTN 0.6% 4.2% 12.3% 28.5% 43.5% 58.7% 63.8% 38.6% t
DL 8.9% 9.4% 20.9% 41.0% 44.2% 42.2% 35.9% 38.5%

Data are expressed as means (standard deviations) or percentages. f, p<0.05 by linear trend test. } means significantly higher than that in the other sex, and
p value (<0.05) was estimated by Student’s r-test or the chi square test. Abbreviations: BMI, body mass index; SBP, systolic blood pressure; TC, total
cholesterol; TG, triglyceride; HDLC, high-density lipoprotein cholesterol level; LDLC, low-density lipoprotein cholesterol level; PG, casual plasma glucose;
HbA,., percentage of glycosylated hemoglobin; MI, myocardial infarction; DM, diabetes mellitus; HTN, hypertension; DL, dyslipidemia.

— 283 —



230 M. Ohsawa et al. / International Journal of Cardiology 137 (2009) 226-235

Table 3
Age- and sex-specific cardiovascular risk factors: proportions of subjects with smoking, alcohol drinking, and exercise habits.
Age group 18-29 30-39 40-49 50-59 60—-69 70-79 =80 Total Trend Sex difference
Men (n) 86 214 813 1520 3281 2863 385 9162
Smoking status
Current 57.0% 58.9% 55.0% 41.4% 27.6% 21.9% 16.6% 31.1% T i
Ex-smoker 4.7% 14.0% 23.0% 25.5% 31.0% 38.0% 37.1% 31.2% T b
Non-smoker 38.4% 27.1% 22.0% 33.2% 41.5% 40.1% 46.2% 37.8%
Drinking habit
=5 days/week 26.7% 51.4% 55.2% 54.9% 46.1% 38.1% 29.4% 45.1% i
<5 days/week 32.6% 26.6% 23.1% 22.8% 24.0% 20.7% 17.7% 22.6% i
Non-drinker 39.5% 17.8% 19.4% 18.0% 21.1% 28.3% 40.0% 23.6%
Ex-drinker 1.2% 4.2% 2.2% 4.3% 8.9% 12.9% 13.0% 8.8% i
Exercise habit
260 min*§ times/month 17.4% 8.4% 5.3% 9.8% 20.0% 21.2% 22.9% 17.2% t

40.6% 42.9% 41.6% 38.0%

6095 4006 412 17,310

> 60 min/month 37.2% 29.9% 25.7% 30.2%
‘Women () 180 620 1980 4017
Smoking status

Current 21.7% 15.2% 7.0% 3.4%

Ex-smoker 11.7% 9.4% 4.4% 1.2%

Non-smoker 66.7% 75.5% 88.6% 95.4%
Drinking habit

=5 days/week 7.8% 11.9% 9.8% 4.5%

<5 days/week 34.4% 36.5% 27.4% 19.1%

Non-drinker 48.9% 48.1% 60.9% 74.4%

Ex-drinker 8.9% 3.5% 1.9% 2.0%
Exercise habit

260 min* 8 times/month 11.1% 6.3% 7.1% 10.8%

2 60 min/month 26.1% 26.1% 27.1% 33.9%

1.1% 0.7% 0.0% 2.9% T
0.6% 0.5% 0.5% 1.6% T
98.4% 98.8% 99.5% 95.5%

3.0% 1.9% 2.9% 4.2%
11.4% 6.7% 4.4% 14.9%
84.5% 90.4% 91.3% 79.3%

1.1% 0.9% 1.5% 1.5%

e

12.1% 10.2% 11.4% 10.6%
35.8% 33.0% 29.6% 33.1%

Proportions are expressed as percentages.
fand } are explained in Table 2.

was more than 50%. The proportions of subjects doing
regular exercise were 17.2% in males and 10.6% in females.
Among persons aged 30 to 59 years, the proportion of
subjects doing regular exercise was less than 10% in both
sexes.

Table 4 shows age- and sex-specific mean levels of daily
dietary intake of nutrients. The most notable characteristic in
this study population is a very high level of dietary intake of
salt in middle-aged and elderly people. Dietary intake of salt
was about 13 g/day in males aged 39 years or younger and
became higher with advance of age, exceeding 16 g/day in
males aged 60 years or older. Dietary intake of salt was about
10 g/day in females aged 39 years or younger. It also became
higher with advance of age and exceeded 13 g/day in females
aged 60 years or older.

Mean dietary intake of carbohydrate (percent of total
energy) was about 55% in both sexes. Mean dietary intake of
fat was about 23% in males and it was 25% in females. Dietary
intake of saturated fatty acid was about 6% in males and it was
about 7% in females. Dietary intake of monounsaturated fatty
acid was about 8% in males and it was about 9% in females.
Ratios of n-6PUFA to n-3PUFA in the diet were 3.3 in males
and 3.4 in females. The ratio exceeded 4.0 in subjects aged
39 years or younger in both sexes, but the ratio became lower
with advance of age (trend p<0.05).

Table 5 shows age- and sex-specific mean levels of
hsCRP, BNP, urinary albumin , and UACR. Mean hsCRP
levels were 0.92 mg/L in males and 0.75 mg/L in females
after excluding subjects with apparent inflammation. Levels
of hsCRP were positively associated with age in both sexes
(trend p<0.01). Levels of hsCRP in males were higher than
those in females (p<0.05).

BNP levels were positively associated with age in both
sexes (trend p<0.01). Crude BNP levels were higher in men
than women in total subjects (p<0.01), but they were lower
in male subjects aged less than 60 years than in females aged
less than 60 years (p<0.01). Our data showed that about
16% of total subjects aged 60—69 years, 20% of total
subjects aged 70-79 years and more than 40% of total
subjects aged 80 years or more had BNP levels of 50 pg/mL
or higher in both sexes.

Mean crude urinary albumin concentration and mean
UACR in the male subjects were 45.6 mg/L and 54.7 mg/g,
respectively, and those in females were 25.2 mg/L and
39.5 mg/g, respectively. Macroalbuminuria was seen in 3.1%
of total male subjects and in 1.6% of female subjects. After
excluding subjects with macroalbuminuria, proportions of
subjects with microalbumimnuria were less than 10% in the 18
to 39 years age group and 10-20% in the 40 to 59 years age
group in both sexes. Both prevalence of microalbuminuria and
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Table 4

Age- and sex-specific mean levels of daily dietary intake of nutrients.

Age group 18-29 30-39 40-49 50-59 60-69 70-79 =80 Total Trend Sex
difference

Men (n) 69 182 679 1255 2550 1399 175 6309

Total energy kcal/day 2500+783 2436803 2585+£802 26114823 2480786 2369+755 2397877 2489796 1

CHD g/day (% )
Protein g/day (% )

358.2 (57.4%) 342.8 (56.3%) 363.3 (56.5%) 361.4 (55.5%) 339.8 (55.1%) 321.9 (54.7%) 319.3 (53.9%) 342.4 (55.3%)
83.6 (134%) 812 (13.5%) 859 (134%) 942 (14.5%)

973 (157%) 97.8 (16.5%) 101.8 (16.9%) 95.1 (153%)

Fat g/day (%) 63.8 (23.0%) 58.6(21.9%) 58.0 (203%) 624 (214%) 633 (22.8%) 649 (243%) 713 (262%) 63.0 (22.6%)
SFA 16.6 (6.0%) 155 (5.8%) 14.5(51%) 157 (54%) 158 (57%) 16.1(6.1%) 17.6 (6.5%) 15.7 (5.7%)
MUFA 221 (8.0%) 203 (7.6%) 199 (7.0%) 21.1(7.2%) 212(7.6%) 21.7(8.1%) 24.2(8.8%) 21.2(7.6%)
PUFA 169 (6.1%) 152 (5.7%) 158(5.5%) 168 (5.8%) 172(62%) 17.7(6.6%) 19.4(7.1%) 17.1(6.1%)
n-6PUFA 14.0 (5.1%) 122 (4.6%) 124 (44%) 127 (44%) 126 (4.5%) 12.9 (4.8%) 14.4 (53%) 127 (4.6%)
n-3PUFA 35(13%) 32(12%) 35(12%) 40 (14%) 42(15%) 44 (1L.6%) 47 (17%) 4.1 (1.5%)
alinolenic acid 2.3 (0.8%) 2.0 (0.7%) 2.1 (0.7%) 2.1 (0.7%) 2.1 (0.8%) 22 (0.8%) 2.5(0.9%) 2.2 (0.8%)
EPA+DHA 1.2 (04%) 12(0.5%) 14(05%) 18 (0.6%) 21(0.7%) 22(0.8%) 22(08%) 1.9(0.7%) 1
n6/n3 ratio 42410 4.0+0.8 3.840.9 3.4+09 32409 3.241.0 33%1.0 33+1.0 1
Cholesterol mg/day 3534148 355152 375:181 416210  431£220  443£232 480271 423218 1
Salt g/day 138452 133446  144+48 158455 166254  169%56  17.5%64 16255 1
Women () 152 558 1795 3473 4825 1908 138 12,849
Total energy keal/day 16454492 1753£503  1784+499  1804+530 1854580 1820583 1758576  1818+553

CHD g/day (% )

Protein g/day (% ) 58.7 (143%) 644 (14.7%) 67.8 (152%) 72.0 (15.9%)
Fat g/day (%) 494 (26.9%) 51.6 (264%) 52.6 (26.3%) 524 (25.8%)
SFA 14.4 (78%) 143 (7.3%) 14.0 (7.0%) 13.6 (6.7%)
MUFA 16.8 (9.2%) 17.6 (9.0%) 18.0 (9.0%) 17.6 (8.6%)
PUFA 11.8 (6.5%) 12.9 (6.6%) 13.5(6.8%) 13.8(6.8%)
n-6PUFA 9.7 (5.3%) 10.5(54%) 10.7(5.3%) 104 (5.1%)
n-3PUFA 2.4 (1.0) 2.7(1.2) 3.0 (1.3) 3.2(1.6)
clinolenic acid 1.6 (0.9%) 1.7(0.9%) 1.8(0.5%) 1.8 (0.9%)
EPA+DHA 0.8(04%) 1.0(05%) 12(0.6%) 1.4(0.7%)
n6/n3 ratio 4.2+0.8 4.0£0.8 3.8+0.9 3.4+£09
Cholesterol mg/day 2934122 304:£132 3174137 3284162
Salt g/day 9.6+3.0 10.8+3.4 11.5%3.5 12.5+4.1

230.4 (55.9%) 245.8 (56.2%) 251.3 (56.6%) 257.1 (57.4%) 263 3 (57.4%) 259.5 (57.8%) 254.2 (58.7%) 258.1 (57.3%)

774 (166%) 75.7 (16.5%) 729 (164%) 735 (16.1%)
53.9 (25.7%) 529 (255%) 503 (24.9%) 53.0 (25.8%)
13.8 (6.6%) 13.5(6.5%) 129 (64%) 13.7 (6.7%)
17.0 8.5%) 17.6 84%) 16.7(82%) 17.7 (8.6%)
144 (6.9%) 142 (6.9%) 133 (6.6%) 14.0 (6.8%)

106 (5.1%) 10.5(5.1%) 9.7 (4.8%) 105 (5.1%)
35(1.8)  34Q.8)  32(.9) 33 (17)
1.8 (0.9%) 1.8(0.9%) 1.7(0.8%) 1.8 (0.9%)
1.6 (08%) 1.6(0.8%) 15(0.7%) 15(0.7%) +
33410 33%1.0 33210 34+1.0 1
3504181 3474184  341£174  336+169
13.654.5  13.644.6 133446 128443 ¢}

Data are expressed as means+standard deviations. Amount of daily intake of dietary variables (carbohydrate, protein and fat) are expressed as means

(percentages of total energy). Tand § are explained in Table 2.

Abbreviations: CHD, carbohydrate; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; EPA, eicosapentaenoic
acid; DHA, docosahexaenoic acid; n6/n3 ratio, ratio of n-6PUFA to n-3PUFA in the diet.

mean UACRs were positively associated with age in both
sexes (trend p<0.01).

Table 6 shows age- and sex-specific prevalences of AF.
For comparison with prevalences of AF in other studies,
results of National Surveys in Japan [13], the CHF study
[14], a study in Minnesota [15], and a study in Australia [16]
are also shown. Prevalence of AT in subjects aged 18 years
or older in this study was 1.56%. Prevalence of AF increased
with advance of age in both men and women (from 0.1% in
subjects younger than 40 years of age to 4.2% in subjects
aged 80 years or older). Prevalence of AF in males aged
18 years or older was higher than that in females aged
18 years or older (3.29% vs 0.64%, p<0.001), and all age-
specific prevalences of AF in males except for prevalences in
the 20’s and 80’s groups were significantly higher than those
in females (p values<0.001).

Table 7 shows a comparison of risk factors in non-
hypertensive subjects and hypertensive subjects (with or
without medication). Since mean age was higher in hyper-

tensive subjects than in non-hypertensive subjects, compar-
ison of each variable between the groups was performed after
age adjustment. Blood pressure control was acceptable in
hypertensive subjects taking anti-hypertension medication,
while it was poorly controlled in hypertensive subjects
without medication (mean SBP levels: 151.9 mmHg in men
and 150.5 mmHg in women). Prevalences of obesity and
DM were significantly higher in hypertensive subjects than
those in non-hypertensive subjects after age adjustment (all p
values <0.05).

4. Discussion

Cross-sectional analysis in this study revealed sex- and
age-specific prevalences of hypertension, dyslipidemia,
diabetes, and obesity in the general population living in a
rural area of the northeastern part of Japan. The analysis also
showed proportions of smokers, regular drinkers and
subjects who do regular exercise.
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Table 5

Age- and sex-specific mean levels of new predictive markers (hsCRP, BNP, UACR).

Age group 18-29 30-39 40-49 50-59 60-69 70-79 =80 Total Trend Sex

difference

Men

hsCRP ) 83 211 799 1500 3218 2776 371 8958

Crude mean (mg/ll) 0.95(2.84) 0.83(1.95) 0.87(1.87) 0.96 (2.15) 143 (4.80) 1.72(5.91) 225(7.53) 141@4.78) ¥t 1

Exclude high CRP" () 82 210 795 1487 3158 2710 355 8797

Crude mean (mgl) 0.66(1.08) 0.71 (0.97) 077 (1.16) 080 (1.16) 0.94(1.25) 1.01(1.32) 1.13(1.35) 092125 ¢ it

BNP (n) 46 131 597 1028 2134 1789 242 5967

Crude mean (pg/mL) 3.5(5.8) 58(66) 74094 14.1 (21.6) 249 (344) 38.1(56.2) 71.0(117.9) 26.5(47.1) 1 b

High BNP" (%) 0.0% 0.0% 0.8% 3.8% 10.9% 20.7% 47.5% 12.8% T i

U-Alb () 83 211 796 1494 3199 2763 361 8907

Crude mean (mg/l) 10.9 (11.4) 30.0(122.7) 28.5(137.5) 35.0(136.8) 46.2 (228.9) 53.9(179.1) 74.9 (208.7) 45.6(189.3) T t

UACR (mg/g) 8.4 (79) 245(90.8) 27.8(136.0) 373 (122.9) 564 (265.7) 67.5(257.5) 101.0(340.0) 54.7 (235.1) + by

Exclude 83 208 788 1462 3097 2656 336 8630
macroalbuminuria

Crude mean (mg/l) 109 (114) 18.8(37.9) 17.6(34.8) 20.7(34.0) 24.1 (42.7) 293 (48.6) 343(554) 247(432) ¢ t

UACR (mg/g) 8.4(79) 151(327) 167(284) 228(36.1) 26.5(40.0) 32.3 (44.6) 352(43.7) 26.7(40.1) f

% of microalbuminuria * 1.2% 6.7% 10.2% 18.3% 22.0% 28.1% 31.8% 22.0% T

Women

hsCRP ) 179 618 1953 3955 5977 3893 395 16,970

Crude mean (mgl) 0.70(1.70) 0.78(2.32) 0.72(1.94) 086(2.83) 1.07(3.00) 1.23 (3.75) 1.27(2.66) 1.01(3.03) *t

Exclude high CRP? () 177 612 1940 3920 5895 3832 387 16,763

Crude mean 0.56 (1.16) 0.61 (1.04) 0.60(1.06) 0.68(1.04) 0.78 (1.11) 0.86(1.17) 0.97(1.35) 0.75(1.11) ¥

BNP Q) 79 319 1415 2743 4003 2599 240 11,398

Crude mean (pg/mL) 83 (74) 9.6 (9.0) 13.9 (13.5) 16.1 (15.9) 23.8(22.9) 35.7(35.0) 58.9(60.1) 23.7(268) t

High BNP® (%) 0.0% 0.3% 1.8% 2.5% 9.2% 21.2% 42.1% 9.8% +

U-Alb ) 176 610 1932 3918 5938 3856 385 16,815

Crude mean (mg/l) 17.0(43.6) 145(369) 17.7(744) 179(59.5) 24.7(85.3) 365(136.0) 529(1112) 252(93.2) ¢}

UACR (mg/g) 169(557) 16.6(365) 233(83.5) 28.7(86.5) 399(131.1) 580(205.0) 87.4(249.0) 39.5(1413) ¥

Exclude 175 607 1916 3884 5841 3754 364 16,541
macroalbuminuria®

Crude mean (mg/l) 143(232) 12.8(263) 13.6(23.9) 142(243) 17.6(26.9) 22.9(31.0) 343 (45.6) 17.7(27.8) ¥

UACR (mg/g) 129(195) 14.8(257) 17.8@7.0) 225(312) 282(36.6) 352(41.2) 47.2(53.2) 27.0(36.2) ¥

% of microalbuminuria 6.3% 6.1% 12.0% 17.2% 24.8% 34.7% 47.0% 23.4% T

Data are expressed as means (standard deviations) or percentages. tand { are explained in Table 2. Abbreviations: hsCRP, high-sensitivity c-reactive protein; (),
number of participants; BNP, Brain natriuretic peptide; U—Alb, urine albumin concentration; UACR, urine albumin-creatinine ratio.

* Excluding high hsCRP level (> 10 mg/L).

® Proportion of high BNP level (=50 pg/mL).

¢ Excluding macroalbuminuria (UACR =300 mg/g).
4 Proporttion of microalbuminuria (3> 30 mg/g).

The results of a nutrition survey in the study indicated that
attention must be given to dietary intake of salt. The
incidence of stroke is higher in Japan than in the US and
northern European countries [17], the prevalence of
hypertension is higher and dietary intake of salt in Japan is
also higher than that in other countries [2,17,18]. The results
of our study indicate that the problem of excessive dietary
intake of salt in the rural area in northeastern Japan should be
resolved immediately.

This study provided sex- and age-specific mean levels of
new predictive markers in the Japanese northeastern popula-
tion. To our knowledge, there is no report on estimated sex-
and age-specific levels of new predictive markers in
apparently healthy subjects in a large population (>10,000
subjects). There were several interesting findings in this
study. First, levels of new predictive markers in elderly
people were significantly higher than those in middle-aged

persons, and we should pay attention to the significant
difference in each marker between middle-aged and elderly
persons. Cut-off points should be determined with considera-
tion given to generation difference in each predictive marker.

With regard to hsCRP levels, the mean level in each age
group was about 0.1 mg/L in both sexes. Male subjects had
higher hsCRP levels than those in females. Levels of hsCRP in
this study were lower than those in western people. Previous
studies in the Japanese general population also showed lower
hsCRP levels in Japanese people than those in western people
and they also showed lower levels in female subjects [19].

A few studies have shown sex- and age-specific levels of
BNP in the general population [20-22]. Redfield et al.
determined plasma BNP levels in a total of 2042 subjects in
Minnesota [21]. They used two analytical methods: Biosite and
Shionogi (the same method as that used in our study). They
showed that BNP levels increased with age and were higher in

— 286 —



M. Ohsawa et al. / International Journal of Cardiology 137 (2009) 226-235 233

Table 6

Age- and sex-specific prevalences of atrial fibrillation in this study and other studies.

Age group 30-35 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 =80 Trend Sex
difference

Men

Iwate 0.5% 0.7% 1.3% 32% 52% 55% t

Japan National Surveys ~ 0.1% 0.3% 0.7% 1.3% 3.8% (2 70)

CHS study - - - - - - - 5.9% 5.8% 5.8% 8.0%

Australia - - - - - - 1.1% 3.3% 8.6% 15.0%  15.0%

Minnesota - 0.0% 0.5% 1.0% 6.0% 16.1%

Women

Twate 0.0% 0.1% 0.2% 0.5% 1.4% 3.0%

Japan National Surveys  0.0% 0.1% 0.4% 0.9% 2.2% (=70)

CHS study - - - - - - - 2.8% 5.9% 5.9% 6.7%

Australia - - - - - - 2.3% 2.7% 5.5% 8.4% 8.4%

Minnesota - 0.0% 0.5% 1.5% 3.0% 12.2%

Sex- and age-specific prevalences are expressed as percentages.

+, p<0.05 by linear trend test. 1 means significantly higher than that in the other sex after direct age adjustment.

women than in men. They also showed the median level in each
age group (4554, 55-64, 65-74, and 75-83 years) separately
by sex. However, the skewed distribution of BNP levels and
small number of subjects in each age group (2 to 194 subjects)
made it difficult to determine mean levels and ranges of each
group. We showed age- and sex-specific mean levels of BNP
without excluding any subjects. Moreover, our data revealed
that sex difference in BNP levels inverted at the age of 60 years.
Male subjects less than 60 years of age had lower levels of BNP

Table 7

than those in female subjects in the same age group, but male
subjects aged 60 years or older had higher levels of BNP than
those in females. The reasons why younger males had lower
BNP levels and why older males had higher levels of BNP than
those in females are unclear.

Presence of microalbuminuria is a significant predictor for
development of CVD [23-28]. The proportions of persons
with microalbuminuria in a general population or in subjects
without heart failure have been estimated in several studies.

Comparison of risk factors in non-hypertensive subjects and hypertensive subjects (with/without medication).

Male subjects

Female subjects

HTN () HTN (+) and Med (+) HTN (+) and Med (~) HTN (-) HTN (+) and Med (+) HTN (+) and Med (-)
Subjects (1) 4899 2277 1843 10,568 4210 2376
Age 61.1£12.5 68.6+7.8 65.2410.1 57.9+11.9 67.4+8.1 64.349.5

(means=SDs)

Age-adjusted mean levels of each variable (95% confidence interval). Estimated variables for persons aged 60 years

SBP (mmHg)  118.4 (118.0-118.8) 137.2 (136.6-137.8)
BMI (kg/m°) 235 (23.4-23.6)  25.0 (24.9-25.1)
TC (mg/dL) 191.1 (190.2-192.0) 191.1 (190.0-192.5)

HDLC (mg/dL)
LDLC (mg/dL)
HbA, ¢ (%)

56.0 (55.6-56.4)  55.5 (54.8-56.2)
114.3 (113.5-115.1) 112.7 (111.4-114.0)
5.09 (5.07-5.11)  5.16 (5.13-5.19)

151.2 (150.6-151.8)
243 (24.2-24.8)
195.6 (194.1-197.1)
57.0 (56.3-57.7)
1153 (113.9-116.6)
5.13 (5.10-5.17)

115.3 (115.0-115.6) 133.8 (133.3-134.2)
233 (233-234) 254 (25.3-25.5)
204.0 (203.4-204.6) 202.4 (201.4-203.5)
622 (61.9-62.5)  59.7 (59.3-60.2)
1223 (121.7-122.9) 121.6 (120.6-122.5)
5.06 (5.05-5.07)  5.17 (5.15-5.19)

150.5 (150.0-151.1)
247 (24.6-24.8)
2094 (208.1-210.7)
60.6 (60.0-61.2)
1272 (126.1-128.4)
5.09 (5.07-5.12)

Proportions of subjects with each risk factor (%) and age-adjusted odds ratios (ORs) and 95% confidence intervals (CIs)

BMI > 25

OR (95%CT)
BMI .30

OR (95%CT)
DM

OR (95%CT)
DL

OR (95%CI)

28.2%
1.0
2.1%
1.0
5.9%
1.0

29.9%
1.0

44.3%

24 (2.1-2.7)

4.5%

34 (2.5-4.7)
11.1%

1.8 (1.5-2.1)
30.7%

1.1 (1.0-1.2)

37.3%
1.7 (1.5-1.9)
3.4%
2.1 (1.5-3.0)
8.0%
1.3 (L1-1.6)
30.9%
1.1 (1.0-1.2)

27.8% 53.8% 44.6%
1.0 29 (2.7-32) 2.0 (1.9-2.2)
3.0% 10.6% 76
1.0 4.8 (4.1-5.7) 3.1 (2.5-3.7)
2.7% 7.0% 42%
1.0 2.1 (1.7-2.5) 1.3 (1.0-1.6)
35.6% 7% 454%
1.0 1.0 0.9-1.1) 13 (1.2-14)

Data are expressed as means=standard deviations, or age-adjusted means (95% confidence intervals ), proportions (percentages), or age-adjusted odds ratios
(ORs). Age-adjusted means (95% Cls) of continuous variables were estimated by using ANCOVA. Age-adjusted ORs (95%Cls) were estimated by logistic
regression analysis. Abbreviations: MED (+), subjects with medication; MED (-), subjects without medication. Other abbreviations are the same as those in

Table 2.
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Foster et al. showed that the proportion of persons with
microalbuminuria was 12.2% in a general population from the
data of Framingham Offspring Cohort Study [29]. Bramlage et
al. reported that 19.0% 0f 39,125 patients who visited primary-
care practices had microalbuminuria [30]. These two studies
showed that the presence of microalbuminuria increased with
an increase in SBP. In our study, prevalences of microalbu-
minuria in male subjects and female subjects were 22.0% and
23.4%, respectively. Mean levels of UACR and proportions of
microalbuminuria increased with advance of age after
adjusting for risk factors (SBP, BMI, TCHDLC, HbA,, and
smoking). In our study, male subjects less than 60 years of age
had higher levels of UACR than those in female subjects in the
same age group, but male subjects aged 60 years or older had
lower levels of UACR than those in females. Crude mean
levels of urinary albumin were higher in men than in women in
all age groups. This phenomenon may be attributable to lower
levels of urinary creatinine in elderly women. Thus, attention
should be given to possible overestimation in elderly women.

This study provided sex- and age-specific prevalences of
AF in a rural area of northeastern Japan. A previous study
showed that age- and sex-specific prevalences of AF in
aduits in Japan were lower than those in western countries in
both sexes [13]. Age- and sex-specific prevalences of AF in
males in this study are similar to those in the CHF study [14]
and lower than those in other studies in western countries
[15,16]. Sex- and age-specific prevalences in females in this
study were lower than those in the Japan National Survey
and in western countries [14—16]. The higher prevalence of
AF in males in the present study than that in the National
Survey in Japan [13] may be due to high prevalence of
predisposing factors for AF, such as hypertension, diabetes,
and obesity, compared to the prevalence of those factors in
past national surveys in Japan.

Comparison of risk factors between three groups (non-
hypertensive subjects, hypertensive subjects with medication,
hypertensive subjects without medication) revealed that there
was well-controlled blood pressure in subjects with medication
and poorly controlled blood pressure in subjects without
medication in the study area. Hypertensive subjects who did
not take anti-hypertension medication accounted for about 20%
of total subjects and their blood pressure remained poorly
controlled. Moreover, hypertensive subjects with or without
medication have higher prevalences of obesity, DM, and
dyslipidemia than those in non-hypertensive subjects. The risk
for future development of CVDs in subjects with hypertension is
expected to be very high. These findings indicate the need for
activities to prevent future development of CVD in the study area.

We tried to compare CVD risk factor-related variables in
subjects in the present study and subjects in the Japan
National Survey. Since there was a significant difference in
age distribution between the two populations, we tried to
show proportions of subjects having hypertension in each
sex-and age-specific group. However, sex-and age-specific
proportion of subjects in each blood pressure category was
expressed as percentage without consideration of subjects

with/without medication in the Japan National Survey [2,3].
Simple comparison of each sex- and age-specific prevalence
of elevated blood pressure (SBP = 140 or DBP > 90) between
our study and the Japan national surveys showed that
proportions of subjects with elevated blood pressure were
lower in our study than those in the Japan national surveys
(data are not shown). This comparison appears to be
meaningless. Comparison should be done with due con-
sideration of the proportion of subjects taking anti-hyperten-
sion medication. Nonetheless, more than half of the people
aged 60 years or older living in the study area have
hypertension, and we should pay attention to cardiovascular
morbidity and mortality in this area,

Several limitations to our study should be noted. A single
instance of blood sampling may be susceptible to short-term
variation. Since determination of dietary variables was based
on a self-administered questionnaire, levels of dietary intake of
energy and each nutrient estimated by a computer algorithm
are not always consistent with true absolute values. However,
it is reasonable to compare levels of dietary intake of nutrients
in several groups when estimations of dietary intake of
nutrients have been performed in a unified way. Persons who
did not participate in the annual health check-ups were
probably in poor condition and might have had CVD. These
factors might have reduced the number of participants with
CVD in this study; thus, the prevalences of CVD including
hypertension, M, stroke, and AF might be underestimated.

In conclusion, the results of this study showed high
prevalences of cardiovascular risk factors in the study area.
Attention should be given to cardiovascular risk factors,
especially in people living in a rural area of northeastern
Japan, in order to prevent future development of CVD,
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