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PURPOSE: Koreans are recently at higher risk for coronary heart disease than are the Japanese. We aimed
to evaluate levels of carotid intima-media thickness (IMT) and coronary risk factors in Korean and Japanese
men in the post–World War II birth cohort.
METHODS: We conducted a population-based study of 352 randomly selected healthy men 40 to 49 years
of age: 102 Koreans in Ansan City, Gyeonggi-do, Korea and 250 Japanese in Kusatsu City, Shiga, Japan.
Imaging carotid IMT by ultrasonography and other procedures were standardized. Analyzing blood samples
and reading carotid IMT were performed at the University of Pittsburgh.
RESULTS: Despite more favorable or similar features in coronary risk factors as compared to Japanese
men, the Korean men had a higher crude IMT level than the Japanese men (mean G standard error,
0.655 G 0.008 mm vs 0.616 G 0.005 mm, respectively, p ! 0.0001). The difference in the levels of carotid
IMT significantly remained after adjusting for metabolic and conventional risk factors (0.654 G 0.008 mm
vs. 0.616 G 0.005 mm, respectively; p ! 0.0001).
CONCLUSIONS: Among men 40 to 49 years of age, Koreans had significantly higher levels of carotid
IMT than the Japanese. Factors that underlie the different susceptibility to subclinical atherosclerosis
need to be explored.
Ann Epidemiol 2008;18:310–315. � 2008 Elsevier Inc. All rights reserved.
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INTRODUCTION

Among the Asian-Pacific region, Korea and Japan had rel-
atively low coronary heart disease (CHD) mortality rates.
(1). However, the CHD mortality rate in Korea has been
increasing since the 1980s, as in many other Asian coun-
tries; in Japan, the mortality rate for CHD has been
decreasing since the 1970’s (1, 2). Among men in the
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post–World War II (WWII) cohort, the CHD mortality
rate in Korea has, in fact, exceeded that in Japan since
the late 1980’s (3).

Compared with other Asian countries, Korea and Japan,
closely located in East Asia, have relative similarity in socio-
cultural and genetic backgrounds (1, 4, 5). Furthermore, the
post-WWII birth cohorts of the two countries are more
likely to have adopted a westernized lifestyle than the old
cohorts (3). Thus a study on the comparison of CHD risk be-
tween Korean and Japanese populations in the post-WWII
birth cohorts may provide a powerful epidemiological tool
for understanding the different trends in CHD mortality.

Carotid intima-media thickness (IMT) is a surrogate
marker of general atherosclerosis (6). Increased carotid
IMT has a positive association with coronary risk factors
(7, 8) and future cardiovascular events (9). We have previ-
ously reported the difference in carotid IMT among men in
the post-WWII birth cohort between Japan and the United
States (10). However, few studies have evaluated levels of
carotid IMT in different ethnic cohorts of Asian popula-
tions. The purpose of the study was to determine whether
there is a significant difference in levels of carotid IMT
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Selected Abbreviations and Acronyms

CHD Z coronary heart disease
IMT Z intima-media thickness
TC Z total cholesterol
HDL-C Z high-density lipoprotein cholesterol
LDL-C Z low-density lipoprotein cholesterol
TG Z triglycerides
BMI Z body mass index
SBP Z systolic blood pressure
DBP Z diastolic blood pressure
KHGS Z Korean Health and Genome Study

between Korean and Japanese men aged 40 to 49 years from
population-based samples.

METHODS

Subjects

Participants were from population-based samples of 352 ran-
domly-selected men aged 40 to 49 years: 102 Koreans in An-
san City, Gyeonggi-do, Korea, and 250 Japanese in Kusatsu
City, Shiga, Japan. Exclusion criteria were (1) clinical car-
diovascular disease, (2) type 1 diabetes, (3) cancer except
skin cancer in the past 2 years, (4) renal failure, and (5) ge-
netic familial hyperlipidemias. All exclusion criteria were
self reported.

The 102 Koreans were randomly selected from the
Korean Health and Genome Study (KHGS), an ongoing
population-based prospective cohort study (11). The target
population consisted of all non-institutionalized residents
aged 40 to 69 years from Ansan City, Gyeonggi-Do, Korea.
By using the telephone directory of Ansan City, the KHGS
randomly selected 5,020 participants, who had 3 consecu-
tive cohorts (at the end of years 2002, 2004, and 2006).
For this study, using the Ansan cohort in 2004, we adopted
a stratified random sampling by 2-year interval age groups
(i.e., 40–41, 42–43, 44–45, 46–47, and 48–49), each includ-
ing about 20 individuals. After extracting a list of 1,375 men
aged 40–49, we contacted them at each age group by
telephone in randomly generated order. After 192 calls, 92
subjects took part in this study. The response rate was
approximately 50%. Since the KHGS had an insufficient
number of subjects aged 40–41 in 2004, we additionally
enrolled 10 volunteers in the community.

The 250 Japanese men who resided in Kusatsu City, Shi-
ga, Japan, were randomly selected from the Basic Residents’
Register during 2003 and 2004 (10). Each selected man was
mailed an invitation to the study to determine his willing-
ness to participate. The response rate was approximately
50%.

Informed written consent was obtained from all partici-
pants. The study was approved by the Institutional Review
Boards of Korea University (in Seoul, Korea), Shiga
University of Medical Science (in Otsu, Japan), and the
University of Pittsburgh (in Pittsburgh, Pennsylvania).

Carotid IMT

A Titan (Sonosite) high-resolution ultrasound system with
a 10.5-MHz linear array was used at the Korean site. A Tosh-
iba 140A scanner equipped with a 7.5-MHz linear array im-
aging probe was used at the Japanese site. For the common
carotid arteries, both near and far walls were examined
approximately 1 cm proximal to the bulb; for the bulb and
internal carotid arteries, only far walls were examined. The
digitally stored scans were then analyzed by trained readers,
at the Ultrasound Research Laboratory of the University of
Pittsburgh, who were blinded as to the details of the study
subjects. The IMT scores from each location in right and
left sides were averaged to produce an overall score. The
IMT scores were highly reproducible, demonstrating the
estimate of correlations between scans performed by different
readers (interreader reliability) was 0.99 (12).

To reduce an observer bias and to assure the scanning
quality (12), sonographers of both sites were given 3-day
training sessions for carotid scanning by a sonographer at
the Ultrasound Research Laboratory of the University of
Pittsburgh; the quality of the scanning was continuously
monitored.

Coronary Risk Factors

Physical examinations and questionnaires were standardized
between the two research sites. Body mass index (BMI) was
calculated using body weight and height (measured in kilo-
grams per square meter). Waist circumference was measured
at the level of the umbilicus while a participant was standing
erect. Blood pressure was measured on the right arm in the
sitting position after a 5-minute rest with the bladder emp-
tied, by using an automated sphygmomanometer (BP-8800,
Colin Medical Technology, Komaki, Japan). An average of
two measurements was used.

Venipuncture was performed early in a clinic visit after
a 12-hour fast. All blood samples obtained at each research
site were shipped on dry ice to the University of Pittsburgh
after being stored at �80�C. Biochemical measurements of
the blood samples were centralized at the Heinz Laboratory
of the University of Pittsburgh. Serum lipids were deter-
mined with the standardized methods according to the
Centers for Disease Control and Prevention, including total
cholesterol (TC), low-density-lipoprotein cholesterol
(LDL-C), high-density-lipoprotein cholesterol (HDL-C),
and triglycerides (TG) (13). Serum fasting glucose was
determined by a hexokinase -glucose-6-phosphate-dehydro-
genase-enzymatic assay; serum fasting insulin by a radioim-
munoassay (Linco Research Inc., Saint Charles, MO).
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Data for smoking were collected with categories of non-,
past, and current smoker. Current smokers were defined as
cigarette smokers over the last 30 days. Pack-years of smok-
ing were calculated as years of smoking multiplied by num-
ber of cigarettes smoked per day divided by 20. Alcohol
drinkers were defined as those who drank alcohol 2 days
per week or more. Ethanol consumption (measured as grams
per day) was estimated, assuming that concentrations of al-
cohol were 5% for beer, 12% for wine, 40% for liquor, 16%
for soju (Korean rice wine), and 16% for sake (Japanese rice
wine). Hypertension was defined as systolic blood pressure
140 mm Hg or higher, diastolic blood pressure 90 mm Hg
or higher, or use of antihypertensive medications. Diabetes
mellitus (type 2) was defined as a serum fasting glucose level
of 126 mg/dL or higher or use of medications for control of
diabetes. Education years were also collected. Prevalence
of metabolic syndrome was assessed as subjects having 3 or
more components among the criteria proposed by the
National Cholesterol Education Program (NCEP) Adult
Treatment Panel III (ATP III) (14).

Statistical Analyses

To compare coronary risk factors between the two popula-
tions, a t test or Wilcoxon rank sum test for continuous
variables and the chi-square test or Fisher exact test for
dichotomous variables were used. To examine associations
of carotid IMT with coronary risk factors within each popu-
lation, Pearson (r) or Spearman (r) correlation coefficients
for continuous variables and regression coefficients (b) of
the linear regression for dichotomous or ordinal variables
were obtained. Two dummy variables for smoking (past
and current) were designed and a p value for smoking was
obtained by p for trend test.

To examine an independent association between ethnic-
ity (Korean or Japanese) and carotid IMT, the linear regres-
sion model was conducted by adjustment for potential
confounders in 4 steps of modeling (crude and models I,
II, and III) where adjusted-means of carotid IMT for the
two populations were calculated. Ethnicity was entered to
calculate the crude means of IMT in both populations.
Traditional risk factors (age, BMI, diastolic blood pressure
[DBP], LDL-C, total cholesterol (TC)/HDL-C ratio,
log-transformed TG, glucose, insulin, and pack-years of
smoking) were entered in model I, followed by metabolic
syndrome and ethanol consumption in model II, and by
other risk factors (education years, hypertension, diabetes,
and use of lipid lowering medications) in model III.

All p values were two tailed. A p value less than 0.05 was
considered to be significant. STATA 9.0 (StataCorp LP,
College Station, TX) was used for all statistical analyses.
RESULTS

The Korean men had more favorable features than the Jap-
anese men in TC, LDL-C, fasting glucose, smoking, and
pack-years of smoking; similar features in age, systolic blood
pressure (SBP), triglycerides, TC/HDL-C ratio, ethanol
consumption, hypertension, diabetes, and use of lipid-lower-
ing medications (Table 1). However, the Korean men had
less favorable features in BMI, DBP, HDL-C, and fasting
insulin level.

The Korean men had significantly positive associations of
carotid IMT with age, TC, systolic and diastolic BP, and
prevalence of metabolic syndrome. The Japanese men had
significantly positive associations of the carotid IMT with
age, BMI, systolic and diastolic BP, LDL-C, TC/HDL-C ra-
tio, fasting glucose level, prevalence of metabolic syndrome,
hypertension, and diabetes (Table 2).

The distribution of carotid IMT was near-normal in both
the Korean and Japanese men (Fig. 1). The crude IMT was

TABLE 1. Coronary risk factors between Korean
and Japanese men

Korean

(n Z 102)

Japanese

(n Z 250) p Value

Age (yr) 44.8 G 2.8 45.2 G 2.8 0.283

BMI (kg/m2) 24.6 G 2.5 23.8 G 3.1 0.001

Waist circumference (cm) 84.2 G 7.2 85.3 G 8.3 0.421

SBP (mm Hg) 123.8 G 15.0 125.1 G 16.4 0.601

DBP (mm Hg) 80.0 G 11.5 76.5 G 11.9 0.006

TC (mg/dL) 182.0 G 27.6 218.5 G 36.3 !0.001

LDL-C (mg/dL) 111.3 G 27.2 134.1 G 35.5 !0.001

HDL-C (mg/dL) 41.9 G 9.3 53.6 G 12.9 !0.001

TG (mg/dL) 122.5 (92–173) 137.5 (104–181) 0.124

TC/HDL-C ratio 4.5 G 1.1 4.3 G 1.3 0.117

Fasting glucose (mg/dL) 100.0 G 12.2 105.9 G 16.0 !0.001

Fasting insulin (mIU/mL) 11.5 G 4.8 10.4 G 4.5 0.026

Education (yr) 13.3 G 0.3 14.3 G 0.1 0.001

Metabolic syndrome, yes (%) 14.7 12.8 0.633

Smoking 0.009

Current, yes (%) 33.3 49.2

Past, yes (%) 34.0 38.2

Pack-years of smoking 10.3 (0–23) 18.9 (3–30) 0.003

Alcohol drinking, yes (%) 38.0 66.8 O0.999

Ethanol consumption (g/d) 10.0 (1.8–71.4) 14.3 (2.0–42.5) 0.184

Hypertension, yes (%) 21.6 26.4 0.416

Diabetes mellitus, yes (%) 3.9 4.8 O0.999

Lipid-lowering medication,

yes (%)

2.0 3.2 0.730

BMI Z body mass index; SBP Z systolic blood pressure; DBP Z diastolic blood
pressure; TC Z total cholesterol; HDL-C Z high-density-lipoprotein cholesterol;
LDL-C Z low-density-lipoprotein cholesterol; TG Z triglycerides.
Values are expressed as mean and standard deviation or median and interquartile
range for continuous variables.
Metabolic syndrome denotes more than 3 risk factors defined by the National
Cholesterol Education Program, Adult Treatment Panel III.
Alcohol drinking denotes more than two times of alcohol drinking per week.
For continuous variables, a t test or Wilcoxon rank sum test was performed; for
dichotomous variables, the chi-square test or Fisher exact test.
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significantly greater in the Korean men than in the Japanese
men (Table 3); the difference in the crude IMT was 0.039
mm. After adjustment for age, BMI, DBP, TC/HDL-C ratio,
LDL-C, log-transformed TG, glucose, insulin, and pack-
years of smoking (model I), the significant difference
remained in the IMT. Further adjusting for metabolic
syndrome and ethanol consumption (model II) and further
adjusting for other factors (model III) did not alter the result.

To examine whether light to moderate ethanol consump-
tion explained the difference in IMT between the popula-
tions, we categorized the continuous variable of ethanol
consumption into 0, O0–15, O15–30, and O30 g/d. We
found no significant difference in IMT across the categories
of ethanol consumption in either population; moreover, no
change in the difference in IMT between populations was
noted when we placed the categorical ethanol consumption
in the crude model.

DISCUSSION

This report is the first, to our knowledge, to examine the dif-
ference in levels of carotid IMT between Koreans and the

TABLE 2. Associations between carotid IMT and coronary risk
factors within each population

Korean (n Z 102) Japanese (n Z 250)

Age (yr) 0.34* 0.25*

BMI (kg/m2) 0.11 0.32*

Waist circumference (cm) 0.11 0.26*

SBP (mm Hg) 0.24y 0.19z

DBP (mm Hg) 0.29z 0.17z

TC (mg/dL) 0.24y 0.12

LDL-C (mg/dL) 0.15 0.16y

HDL-C (mg/dL) 0.03 �0.12

TG (mg/dL) 0.03 0.01

TC/HDL-C ratio 0.12 0.19z

Fasting glucose (mg/dL) 0.14 0.19z

Fasting insulin (mIU/mL) 0.01 0.04

Pack-years of smoking (yr) !0.001 0.05

Ethanol consumption (g/d) 0.05 �0.01

Education (yr) �0.05 �0.04

Metabolic syndrome, yes 0.07* 0.03z

Smoking

Current, yes �0.02 0.01

Past, yes 0.02 0.01

Alcohol drinking, yes 0.01 �0.01

Hypertension, yes 0.04 0.02y

Diabetes mellitus, yes �0.01 0.05y

Lipid-lowering medication, yes 0.06 !0.01

See Table 1 for abbreviations.
Pearson (r) or Spearman (r) correlation coefficients for continuous variables; regres-
sion coefficients (b) for dichotomous or ordinal variables (two dummy variables for
smoking were designed [current and past] and a p value was obtained by using p-
for-trend test).
*p ! 0.001.
zp ! 0.01.
yp ! 0.05.
Japanese in a population-based study. We found that, among
men aged 40–49 years, the levels of carotid IMT were signif-
icantly greater in the Korean men than in the Japanese men.
This difference was independent of metabolic and conven-
tional risk factors.

Since increased carotid IMT is associated with CHD in-
cidence and recurrence (9, 15), our results suggest that mid-
dle-aged Korean men may continue to be at more increased
risk for CHD than the Japanese men at least over the near
future. Increased carotid IMT is also associated with stroke
incidence and mortality (9). Our observation of significantly
greater IMT levels in the Korean men than in the Japanese
men may be in accordance with the fact from the vital sta-
tistics that Korean men have higher stroke mortality than
the Japanese men (16).

The Korean men had lower levels of TC, LDL-C, and
HDL-C than the Japanese men. These observations were
consistent with those made in previous studies (8, 17).
Lower TC and LDL-C levels in Koreans may reflect rela-
tively lower fat intake of total energy intake than those in
the Japanese cohort. Recent rapid economic growth has al-
lowed Koreans to have an accelerating concurrent shift to
a westernized diet pattern, which has led to an increase in
average total fat intake, from 14% of energy intake in
1986 to approximately 20% in 2002 (18). The total fat in-
take, however, is still lower in Korea than that in Japan
(23.7%) (19).

Although many coronary risk factors were associated
with carotid IMT as expected in each population, some
risk factors showed weaker associations with IMT in the Ko-
rean men than in the Japanese men, including SBP, BMI,
LDL-C, fasting glucose, hypertension, and diabetes. The
weaker associations are likely to be due to the small sample
size of the Koreans. In addition, the lack of the significant
association of LDL-C with IMT in the Korean men may
be due to a small variability of LDL-C level.

The significant difference in carotid IMT scores between
the two populations remained after adjusting for metabolic
and conventional risk factors. This finding indicates that
metabolic and conventional risk factors hardly explained
the higher IMT in the Korean men than in the Japanese
men. Genetic factors may be unlikely to explain the differ-
ence in the carotid IMT since it has been well known that
Koreans and the Japanese are genetically similar (4, 5). It
was also reported that Japanese Americans have higher
IMT levels than the native Japanese or than Caucasians
(20, 21). In this context, we may assume that higher carotid
IMT in the Korean men than in the Japanese men may be
explained by environmental factors other than factors
examined in the present study.

Some epidemiological studies reported a J-shaped associ-
ation between ethanol consumption and carotid atheroscle-
rosis (22), although conflicting results have been reported
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FIGURE 1. Distribution of carotid IMT scores by ethnicity. IMT Z intima-media thickness.
(22–25). We did not observe a J-shaped association in either
population. Furthermore, the significant difference in IMT
remained after adjusting for ethanol consumption. Thus
we have no evidence that ethanol consumption is likely to
explain the difference in IMT between the two populations.

Differences in fat intake quality (e.g., polyunsaturated
fatty acids, omega-3 fatty acids) between two populations
may contribute to the difference in carotid IMT. Koreans
consume relatively less fish (60 g/d) than the Japanese pop-
ulation that has been well known to uniquely have high fish
consumption (120 g/d) (26, 27). Hino et al. (28) reported
that omega-3 fatty acids intakes (e.g., eicosapentaenoic
acid [EPA] or docosahexaenoic acid [DHA]) in fish had an
inverse association with carotid IMT. Thus, high fish con-
sumption, rich in EPA and DHA, may be protective against

TABLE 3. Multivariate-adjusted mean of carotid IMT between
Korean and Japanese men

Korean (n Z 102) Japanese (n Z 250)

Mean (SE) 95% CI Mean (SE) 95% CI p Value

Crude 0.655 (0.008) 0.640–0.670 0.616 (.005) 0.606–0.625 !0.0001

Model I 0.654 (0.008) 0.638–0.670 0.616 (.005) 0.607–0.626 !0.0001

Model II 0.654 (0.008) 0.638–0.670 0.616 (.005) 0.607–0.626 !0.0001

Model III 0.654 (0.008) 0.638–0.671 0.616 (.005) 0.606–0.626 !0.0001

Mean (SE) Z mean and standard error; IMT Z intima-media thickness; CI Z
confidence interval.
Model I: Adjusted for age, BMI, DBP, TC/HDL ratio, LDL-C, logTG, glucose, insu-
lin, and pack-years of smoking.
Model II: Further adjusted for metabolic syndrome and ethanol consumption.
Model III: Further adjusted for education years, hypertension, diabetes, and use of
lipid-lowering medications.
carotid atherosclerosis, which might in part explain the
higher carotid IMT in Koreans than in the Japanese.

The study has several limitations. First, the fact that the
study population is confined to men aged 40 to 49 years may
limit generalization to older individuals and women. Sec-
ond, we had a relatively small sample size of Koreans (n Z
102) compared with the Japanese (n Z 250). However,
the levels of coronary risk factors and carotid IMT level in
Koreans were not different from those reported in other
studies (29). Third, we had limited data for socioenviron-
mental and behavioral factors (i.e., income, lifestyle, physi-
cal activity) that may be potential confounders. The two
urban cities, chosen in this study, are located within a closed
geographic zone determined by longitude and latitude.
However, they are fairly different by population and indus-
try. Ansan (in Korea) located near Seoul, is a planned urban
city of over 700,000 persons with a large industrial complex;
Kusatsu (in Japan), located near Kyoto City, is a city of more
than 110,000 persons, developed with service industry (e.g.,
hotels). Finally, with regard to IMT measurement by differ-
ent machines, the difference was no greater than the
variation between sonographers when evaluating between-
machine differences. In addition, the two machines were
comparable in the image quality. Thus we believe that the
variation in measurement due to the machine is relatively
small.

Our finding suggests that the higher level of carotid IMT
in Koreans in the post-WWII birth cohort may reflect
a more increased risk for CHD than for the Japanese. Further
research is required to explore factors explaining the varia-
tion in carotid IMT between the two populations.
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