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Abstract
Background—We recently reported that Japanese had higher liver fat at a lower level of BMI
compared with non-Hispanic whites (NHW).

Objective—We hypothesize that ethnic difference in fat storage capacity contributes to this
ethnic difference in liver fat.

Design—To examine this, we assessed liver fat among 244 Japanese-American aged 40-49,
using regional computed-tomography images, along with metabolic variables.

Results—Despite the similar BMI between Japanese-Americans and NHW men, Japanese-
Americans had more liver fat (liver to spleen attenuation ratio: 1.03 ± 0.22 for Japanese-
Americans, and 1.07 ± 0.15 for NHW men; p<0.05) and tended to have a greater disposition for
fatty liver with an increase in BMI than NHW, indicating a clear difference between the two
groups. In addition, liver fat is less in Japanese-Americans compared with Japanese men (1.03 ±
0.22 vs. 1.01 ± 0.16; p<0.05), despite of a much higher BMI. These ethnic differences support the
hypothesis that higher fat storage capacity indeed seems to be associated with less liver fat. In all
the groups, liver fat content strongly correlated with triglycerides, homeostasis model assessment-
insulin resistance, and C-reactive protein (CRP). Nevertheless, these metabolic variables were
worse in Japanese-Americans, despite of less liver fat, compared with Japanese. Moreover, CRP
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levels were least among Japanese with highest liver fat, and highest among NHW men with least
liver fat, despite of a strong positive association between CRP and fatty liver within each
population.

Conclusions—Fat content in the liver is intermediate for Japanese-Americans compared with
Japanese and NHW men, which supports the hypothesis of less fat storage capacity among
Japanese, closely linked to ethnic difference in predisposition to fatty liver.
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INTRODUCTION
Liver steatosis or fatty liver, an accumulation of excess fat in the liver, has been increasingly
recognized to be closely associated with dyslipidemia and insulin resistance (1-4). A recent
report showed that fatty liver rather than visceral adiposity, another well-established body
composition related to metabolic risks (5-8), is closely linked with metabolic complication
of obesity (9). In addition, its causal relation to excess energy influx into the body is
possibly explained by selective insulin sensitivity in the liver (10).

Previously, we have reported that the Japanese in Japan had much higher prevalence of fatty
liver as well as visceral adiposity compared with non-Hispanic whites in the Unites States
(NHW), despite of a much lower BMI in the Japanese in Japan(11, 12). This could be a
reason for similar metabolic profiles such as hypertension and dyslipidemia between the two
populations.

Recently, Browning et al. reported that a very distinct ethnic difference exists in liver fat
among African-Americans, Hispanic, and Caucasian, irrespective of metabolic variables
such as insulin sensitivity (13). They also reported that the association between liver fat and
visceral adiposity are strong and similar across different ethnic populations, whereas the
association of liver fat with total adiposity was relatively weak and different by ethnicity.
Namely, African-Americans, who have highest amount of subcutaneous adiposity have least
liver fat as well as least visceral adiposity, and liver fat was least increased with an
increasing total adiposity among the three ethnic populations. This finding together with
ours strongly supports the idea that ethnic difference in liver fat is closely linked with that in
fat storage capacity. In other words, a lower capacity of body fat stores within subcutaneous
adiposity in response to an increased energy influx causes accumulation in non-adipose
tissue such as liver, which is known as the concept of ectopic fat storage (14).

To examine this hypothesis, we newly examined the metabolic variables and body
composition in Japanese Americans in Hawaii, who are a third or fourth generation of
Japanese Americans without ethnic admixture, and compared the data with those in the
Japanese in Japan and NHW. We would assume that liver fat content in Japanese-Americans
is less than that in Japanese, despite of higher BMI and an apparent positive association
between obesity and fatty liver, if our hypothesis is true.

METHODS
Subjects

The research design and methods have been described previously in detail (15). Briefly, we
examined population-based samples of 867 men aged 40-49 without clinical cardiovascular
disease, type 1 diabetes or other severe conditions from 2002 to 2006: 303 Japanese-
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Americans in Honolulu, HI, U.S., 313 Japanese in Kusatsu City, Shiga, Japan and 310 NHW
living in Allegheny County, PA, U.S. CT images were available for all 313 Japanese, but
only for 244 Japanese-Americans and 288 NHW subjects. However, the technical inability
to acquire CT images such as extreme obesity or morbidity may not be the reason, since the
comparisons for the image-available group vs. the entire population, among either Japanese-
Americans or NHW men, shows no difference in BMI, age, or metabolic variables(16). The
study was approved by the Institutional Review Boards of Hawaii University, Honolulu,
U.S., Shiga University Medical Science, Otsu, Japan and the University of Pittsburgh,
Pittsburgh, U.S.

Metabolic Risk Factors
Weight and height were measured on calibrated scales. Total adiposity was estimated using
BMI, which is calculated as weight (kg) / height (m)2. Waist girth was measured at the level
of the umbilicus while the participant was standing erect.

Venipuncture was performed early in the clinic visit after a 12-hour fast. Serum samples
were analyzed at the Heinz Laboratory, Department of Epidemiology, University of
Pittsburgh as described previously (15). Briefly, lipid levels were determined with the
standardized methods of the Centers for Disease Control and Prevention, including total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and triglycerides (TG).
Fasting serum glucose was determined by an enzymatic procedure, and fasting insulin by
radioimmunoassay (Linco Research Inc., St. Charles, MO). Homeostasis model assessment
(HOMA-IR) was used to estimate insulin sensitivity: HOMA-IR = [Glu] (mg/dl) * [Insulin]
(μU/ml) / 405 (17). High-sensitivity C-reactive protein (CRP) was determined by a
colorimetric competitive ELISA at the Laboratory for Clinical Biochemistry Research,
University of Vermont.

A self-administered questionnaire was used to obtain current medication lists, habitual
alcohol drinking (Yes=1, No=0), and demographic information such as dietary habits.
Alcohol drinking was assessed as whether the participant drank beer, wine, liquor, sake
(Japanese rice wine), or other alcoholic beverages with quantity and frequency recorded.
Ethanol consumption per day was estimated, assuming that concentrations of alcohol were
five percent for beer, 12 percent for wine, 40 percent for liquor, and 16 percent for sake.
Habitual alcohol drinking was defined as drinking 2 times per week or more.

Body Composition by CT imaging
CT images were taken to measure liver CT density. Scanning was performed using a GE-
Imatron C150 Electron Beam Tomography scanner (GE Medical Systems, South San
Francisco, U.S.) at all the three study sites. Images centered on the T12-L1 disc space and
the L4-L5 disc space were used for assessing hepatic fat content and abdominal AT
distribution, respectively. CT imaging provides information on spatial arrangement of
tissues, with the contrast between tissues based upon differences in attenuation of energy
from X-rays. Attenuation values for CT are expressed using water as a reference value of 0
Hounsfield unit (HU). Adipose tissue displays attenuation values that are negative to those
of water, and in a range from −160 to 0 HU, whereas skeletal muscle in a range from 0 to
100 HU (18).

In the current study, to assess hepatic fat content, CT attenuation in HU was determined in
three regions of interest (ROI) for the liver and the spleen, each ROI of ~120 mm2. ROI for
the liver was placed manually to avoid major vessels. Liver to spleen ratio (L/S ratio) is used
as an index of liver fat content (19-21), using spleen as an internal control (22, 23). On the
CT images of the abdomen, the area for AT and the psoas muscles were measured
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electronically by defining for each tissue as a range of CT attenuation values: 0 to −160 HU
for AT; and 0 to 100 HU for muscle, as previously described (2). To determine the
respective areas of VAT and SAT, a separation line was drawn manually using a cursor
along abdominal wall musculature in continuity with fascia of the para-spinal muscles.
Again, these measurements were performed by a cross-sectional image at L4-5, and were
estimates for AT volume (distribution) (24, 25). All CT images were analyzed at the
University of Pittsburgh using image analysis software by one trained reader (SliceOmatic,
Tomovision, Montreal, Canada for hepatic fat content and AccuImage; AccuImage
Diagnostic Corporation, San Francisco for VAT and SAT).

Statistical Analysis
General linear models were used to examine the ethnic difference in body composition and
metabolic variables and to assess the association of liver CT density with selected variables.
Two-way ANOVA was used to assess BMI-ethnicity interaction for liver fat, and BMI was
used as a continuous variable, though the data was presented as categorized for ease of
visualization. L/S ratio was also presented as categorized despite of using as a continuous
variable, and ANCOVA was used to assess the ethnic difference. A P value <0.05 was
considered statistically significant. All tests were based on a two-sided level of significance.
Statistical analyses were performed using SPSS 17.0 program (SPSS Inc., Chicago, IL).

Results
Basic clinical charactereristics (Table 1, unadjusted values)

Clinical characteristics and body composition parameters for Japanese-American, along with
previous data for Japanese and NHW men (11) are presented in Table 1.

By design, age was similar among Japanese, Japanese-Americans, and NHW men, though
Japanese-Americans (45.9 ± 2.8) were slightly (0.9 year) older than Japanese (45.1 ± 2.8)
and NHW men (45.0 ± 2.8). Japanese-Americans were much heavier compared with
Japanese (79.9 ± 14.1 vs. 68.6 ± 9.6 kg; p<0.01) and lighter compared with NHW men (79.9
± 14.1 vs. 90.3 ± 14.9kg; p<0.01). Since Japanese-Americans were shorter compared with
NHW men, BMI was almost the same between Japanese-Americans and NHW men (27.8 ±
4.3 vs. 27.8 ± 4.2; ns).

Ethanol intake in Japanese Americans (18 ± 34g/day) was similar to that in African-
Americans (13 ± 22g/day) and was somewhere in the middle for that in Japanese (27 ± 29g/
day) and NHW men (10 ± 14g/day).

Despite of very similar BMI between Japanese Americans and NHW men, diabetes
prevalence was much higher among Japanese Americans compared with NHW men.

Ethnic difference in liver fat
As shown in Figure 1A, despite of a very similar BMI, compared with NHW men, Japanese-
Americans had higher liver fat content (liver / spleen ratio; 1.07 ± 0.15 for NHW vs. 1.03 ±
0.22 for Japanese-Americans, p<0.05) which tended to become more significant with
increasing BMI (ethnicity by BMI interaction, p=0.09). These ethnic differences in liver fat
content were still significant even after adjusted for age, BMI and ethanol intake (g/day). On
the other hand, compared with Japanese, Japanese-Americans had a lower liver fat content
(liver / spleen ration: 1.01 ± 0.16 for Japanese vs. 1.03 ± 0.22; p<0.05), regardless of BMI
(Figure 1B, 1C).
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Association with visceral adiposity (VAT)
As shown in Figure 2, a strong positive association exists between liver fat content and VAT
in Japanese-Americans. We previously observed similar association in Japanese and NHW
men (11). Regression lines of liver fat and VAT had similar slopes across the three groups,
unlike for those between liver fat and BMI (Figure 1C).

Association with metabolic variables
CRP was lower in Japanese-Americans compared with NHW men (1.36 ± 2.41 vs. 1.62 ±
2.36 mg/dl, respectively; p<0.01), despite of a similar level of BMI and VAT and a higher
degree of liver fat content, as well as similar level of triglyceride (184 ± 136 vs. 152 ± 100
mg/dl, respectively; ns), HOMA-IR (4.29 ± 3.11 vs. 3.89 ± 2.76, respectively; ns) and
higher prevalence of diabetes in Japanese-Americans than in NWH men (13.1% vs. 3.1%,
respectively; p<0.01), which are all well-known correlates of higher CRP. In multiple
regression analaysis among age, BMI, VAT, L/Sratio, and ethnicity, higher BMI, lower L/
Sratio, and ethnicity explained 52% of variance of logCRP (p<0.01).

Discussion
In the current study, Japanese-Americans living in Hawaii, who have a similar ethnic
background to Japanese, yet a similar amount of adiposity to NHW men, were newly
assessed for liver fat content. As expected, liver fat content was less in Japanese-Americans
compared with Japanese, despite of a much higher BMI in Japanese-Americans and an
apparent positive association between fatty liver and obesity in each population group. This
supports our hypothesis that there is indeed a major population difference in fat storage
capacity, which explains for a propensity for fatty liver in Japanese.

On the other hand, Japanese-Americans had higher liver fat content compared with NHW
men, despite of the same degree of obesity (BMI). Moreover, the regression line of liver fat
and BMI for Japanese-Americans was similar to that for Japanese, rather than that for NHW
men (Figure 1C). Since Japanese-Americans have similar ethnic background with Japanese,
this finding has reemphasized the previously observed ethnic difference in body composition
between Japanese and NHW men.

Browning et al. recently reported the ethnic difference in liver fat in NHW, African-
American, and Hispanics with large number (n=2170) using MR spectroscopy (13). They
have found that there was a clear ethnic difference in liver fat and African-Americans had
least liver fat with greater capacity of body fat stores within subcutaneous adiposity,
especially in lower extremity. Moreover, they also reported the strong positive association
between visceral fat accumulation and fatty liver along with serum triglyceride levels, which
was also observed in the current study (Figure 2 and previous figure(11)).

Vague et al. have first recognized the association of body fat distribution with metabolic
risk, independent of total adiposity, i.e. upper-body obesity is metabolically worse than
lower body obesity (26). Since then, the development of body composition analyses by CT
and MRI, revealed that upper body obesity is characterized by accumulation of visceral
adiposity, which has consistently been demonstrated to correlate with insulin resistance (6,
8). More recently, increased content of fat within liver and skeletal muscle, has been also
reported to be closely associated with insulin resistance (1, 2, 27). In contrast, lower body
adiposity, namely gluteal-femoral subcutaneous adiposity has a weak association with
insulin resistance and may instead counterbalance the influence of abdominal adiposity (28).
These observations can be well explained by the concept of ectopic fat storage proposed by
Ravussin et al., i.e. when energy influx due to excess energy intake and less energy
expenditure, exceeds one’s capacity of body fat stores within subcutaneous adiposity, fat
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accumulation in non-adipose tissue such as liver and muscle occurs, which compromises
insulin signaling within the tissue, a phenomenon known as insulin resistance (14). Indeed,
in each population, we have observed that liver fat content as well as VAT were unfavorably
associated with HOMA-IR and CRP, as also reported recently (29).

However, in the current study, despite of less liver fat, Japanese-Americans had higher
prevalence of diabetes mellitus, higher insulin resistance (HOMA-IR) and higher level of
inflammatory marker, CRP, which are all well-known strong cardiovascular risk markers.
Moreover, despite of unfavorable body fat distributions, CRP was much lower among
Japanese-Americans as well as Japanese compared with NHW men. This contradictory
finding across different populations clearly shows that the associations between body
composition and metabolic variables should be considered by ethnicity.

These ethnic differences in the association between body composition and metabolic
variables, can be partly explained by differences in dietary lifestyle, especially dietary fat
intake.

Firstly, with regard to body composition, it has been reported that dietary saturated fat
induced expansion of adipose tissue mass more effectively than polyunsaturated fat (30).
Among obese adolescents, higher plasma level of saturated fatty acid and lower level of
omega-3 fatty acid was observed compared with non-obese counterparts (31). Secondly,
with regard to the ethnic difference in the association between body composition and
metabolic variables, higher saturated fat intake and lower polysaturated fat intake, especially
n-3 fatty acid intake, has been reported to be associated not only with higher prevalence of
obesity but also with higher CRP (31, 32).

Therefore, higher intake of saturated fatty acid and lower intake of n-3 fatty acid may link
higher capacity to store fat and higher CRP, which can lead to a contradictory combination
of less liver fat and higher CRP across different populations with different dietary fat intake.

Although we have not collected detailed dietary data, the INTERMAP Study, which is
designed to assess the association of nutrition with blood pressure with one of the most
comprehensive dietary assessment internationally, includes the detail information about food
intake in Japanese and NHW men, who are well matched for age and BMI with our study.
According to INTERMAP data (33), despite of increasing westernized dietary lifestyle in
Japanese in Japan, there was a distinct difference in dietary lifestyle such as the amount of
saturated fat and fish intake. Also, in an ancillary study of the INTERMAP(33, 34), we have
observed Japanese men in Japan had higher intake of polyunsaturated/saturated fatty acid
ratio and omega-3 fatty acid, compared with Japanese-Americans living in Hawaii.
Therefore, there is a possibility that lower intake of saturated fatty acid among Japanese
partly explains the observed lower amount of subcutaneous adiposity with higher liver fat
content and lower CRP, which may contribute to lower cardiovascular event risk in Japanese
despite of unfavorable fat distribution for metabolic risks (16, 32).

In conclusion, we have observed that liver fat content was indeed higher among Japanese-
Americans compared with NHW men, who have had similar BMI, and Japanese-Americans
are also more prone to hepatic steatosis with increasing BMI. This suggests that a reduced
capacity to store fat in response to positive net energy balance seen in Japanese was
inherited to this immigrants and ethnic difference in body composition truly exists. Also, the
association of liver fat with CRP can be ethnicity-specific and might explain for less
cardiovascular events seen in Japanese.
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Figure 1.
The raw data were plotted against BMI and liver to spleen ratio (L/S ratio) in Figure 1A and
1B. The data for Japanese-Americans (open triangle) and non-Hispanic white (NHW) men
(solid circle), and those for Japanese-Americans and Japanese (solid rectangle), were
superimposed each other in Figure 1A and 1B, respectively. In Figure 1C, subjects were
stratified by BMI in Japanese-Americans (cross), Japanese men (solid rectangle), and NHW
men (solid circle), separately and mean values (±SEM) of BMI for each quartile are plotted
against mean values (±SEM) of L/S ratio for respective quartiles. As shown in Figure 1A
and 1B, raw data plots for Japanese-Americans were partly overlapped with both those for
NHW men (1A) and those for Japanese (1B).
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Figure 2.
Subjects were stratified by liver fat content (L/S ratio) in Japanese-Americans (cross),
Japanese men (solid rectangle), and NHW men (solid circle), separately and mean values
(±SEM) of L/S ratio for each quartile are plotted against mean values (±SEM) of visceral
adiposity (VAT) for respective quartiles. The association between VAT and L/S ratio were
similar among the four different ethnic groups.
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Table 1

Basic Clinical Characteristics and Body Composition Assessed by CT in Japanese-Americans in Honolulu,
HI, Japanese in Kusatsu City, Shiga, Japan and non-Hispanic white men in Allegheny County, PA, aged
40-49.

Japanese men
(n=314)

Japanese-America
n men

(n=244)

Non-Hispanic
white men

(n=288)

Age (years) 45.1 ± 2.8** 45.9 ± 2.8 45.0 ± 2.8**

Weight (kg) 68.6 ± 9.6** 79.9 ± 14.1 90.3 ± 14.9**

BMI (kg/m2) 23.6 ± 2.9** 27.8 ± 4.3 27.8 ± 4.2

Alcohol intake (g/day) 27 ± 29** 18 ± 34 10 ± 14**

Metabolic parameters

Triglyceride (mg/dl) 155 ± 81* 184 ± 136 152 ± 100

HOMA-IR 2.77 ± 1.51** 4.29 ± 3.11 3.89 ± 2.76

Diabetes prevalence (%) 6.1%* 13.1% 3.1%**

CRP (mg/dl) 0.74 ± 1.79** 1.36 ± 2.41 1.62 ± 2.36**

CT imaging of the
Abdomen

VAT (cm2) 133 ± 50 175 ± 76 172 ± 73

SAT (cm2) 136 ± 58** 225 ± 100 252 ± 112

V/S ratio 1.05 ± 0.33** 0.83 ± 0.33 0.74 ± 0.28*

Psoas muscle (cm2) 25 ± 5** 27 ± 5 29 ± 5**

Psoas muscle (HU) 54 ± 5** 59 ± 8 54 ± 6**

CT imaging of the Liver
and the Spleen

Liver (HU) 59 ± 9 58 ± 13 60 ± 8

Spleen (HU) 58 ± 4** 57 ± 6 56 ± 5

Liver / Spleen ratio 1.01 ± 0.16* 1.03 ± 0.22 1.07 ± 0.15*

*
p<0.05

**
p<0.01 compared with J-Americans, values are unadjusted means± SD.
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