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potential role of plasma free fatty acid and adiponectin
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Abstract

Asian adults are at greater risk for metabolic abnormalities (insulin resistance, dyslipidemia) at the same body mass index (BMI) than
are whites. Elevated free fatty acids (FFA) and decreased adiponectin are linked with these same metabolic abnormalities. We tested the
hypothesis that fasting plasma FFA are greater and adiponectin concentrations are lower in Korean than white adults matched for age, sex,
and BMI. Plasma FFA and adiponectin concentrations were analyzed using a microfluorometric assay and radioimmunoassay, respectively.
Fasting plasma FFA concentrations were not different (P = .51) between Korean and white subjects (208 [183-232] vs 215 [168-262]
μmol/L, median and 95% confidence interval). Despite similar body composition in the 2 groups, the plasma adiponectin concentrations
in Koreans were significantly lower than those in whites in men, women, and total subgroups (adjusted mean ± SEM: 4.9 ± 0.8 vs 9.1 ±
0.8 μg/mL, P = .004; 8.9 ± 1.0 vs 13.2 ± 1.0 μg/mL, P = .006; and 6.5 ± 0.6 vs 11.1 ± 0.6 μg/mL, P ≤ .001, respectively) after
adjustment for differences in height, weight, and fat-free mass as covariates. Men had lower plasma adiponectin concentrations than
women in both Korean (P = .041) and Western adults (P b .001). Plasma adiponectin levels are lower in Korean than age-, sex-, and body
mass index–matched white adults, whereas fasting plasma FFA are not different. To the extent that adipogenic factors account for ethnic
differences in metabolic disease risk, our data suggest that differences in the regulation of adiponectin may predispose toward greater
metabolic abnormalities in Asians than whites at comparable BMI levels.
© 2009 Elsevier Inc. All rights reserved.
1. Introduction

Different cut points have been suggested for the diagnosis
of obesity and upper-body obesity according to race or sex
[1] because the risk of comorbidities is greater for Asians
than whites at comparable body mass index (BMI), waist
circumference (WC), and intraabdominal fat [2-5]. It is not
yet known why Asians are more vulnerable to obesity-
related diseases at similar BMI as whites as regards potential
pathophysiologic mechanisms.

Excess free fatty acids (FFA) are thought to contribute to
at least some of the metabolic abnormalities associated with
central or upper-body obesity, including dyslipidemia and
insulin resistance [6]. Unfortunately, although the ethnic
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differences in amounts of visceral adipose tissue had been
already evaluated, direct comparison of plasma total FFA
concentrations in different ethnic groups has not yet been
reported. Kamei et al [7] reported no significant difference in
fasting FFA concentration between native Japanese and
Japanese Americans. Japanese Americans in this study,
however, were older, had higher BMI, and had higher
percentage of body fat than native Japanese. Adiponectin is
another adipogenic factor linked to metabolic outcomes in
obesity, metabolic syndromes, and cardiovascular complica-
tions of these disorders [8]. In general, whites seem to have
greater plasma concentrations of adiponectin than other
ethnic populations [9-14]; and Kadowaki et al [9] showed
that, although American men were heavier, they had higher
adiponectin concentrations than Japanese men. We could
find no direct comparison of plasma FFA and adiponectin
concentrations between white and Asian men and women
who are matched for BMI and percentage of body fat.
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able 2
orrelation coefficients (r) of plasma adiponectin levels vs BMI, percentage
f body fat, fat-free mass, and total plasma FFA in both races with
djustment for age and sex

ariables Korean (n = 47) White (n = 47)

r P value r P value
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We hypothesized that plasma total FFA and adiponectin
concentrations are different in Asians and whites after
matching for age, sex, and BMI. We tested whether plas-
ma FFA concentrations would be greater and adiponectin
concentrations would be less in matched Korean and
white adults.
MI (kg/m2) −0.34 .028 −0.36 .018
ody fat (%) −0.20 .209 −0.15 .351
at-free mass (kg) −0.37 .017 −0.29 .065
FA (µmol/L) 0.17 .277 0.05 .733

tatistics were tested by partial correlation analysis.
2. Research design and methods

2.1. Subjects and experimental design

Forty-seven healthy Koreans and 47 age-, sex-, and BMI-
matched whites with a BMI ranging from 18.9 to 30.3 kg/m2

participated in this study, which was approved by both the
Pusan National University Institutional Review Board and
the Mayo Clinic Institutional Review Board. Height and
weight were measured by an automatic height-weight scale to
the nearest 0.1 cm and 0.1 kg, respectively; and BMI was
calculated by dividing weight (in kilograms) by height
squared (in meters2). Percentage of body fat and total fat mass
were measured by bioelectric impedance analysis (Inbody
3.0; Biospace, Seoul, Korea) for Korean subjects and by dual-
energy x-ray absorptiometry (DXA) (DPX-IQ; Lunar Radia-
tion, Madison, WI) for white subjects. Venous blood samples
were obtained from each subject after a 12-hour fast.

2.2. Analytical methods

Total plasma FFA concentrations were measured using
automated enzymatic techniques on the Cobas Fara
centrifugal analyzer (Cobas Mira; Roche Diagnostics,
Indianapolis, IN) at 340 nm (for FFA: FFA-C test kit;
Wako Chemicals, Neuss, Germany). The FFA standard curve
was prepared in our laboratory, containing 22% linoleic acid,
28% oleic and palmitic acid, 6% stearic and myristic
acid, and 3% each of elaidic acid, palmitoleic acid, linolenic
acid, and arachidonic acid bound to fatty acid–free bovine
serum albumin. This was because the oleic acid standard
provided with the kit resulted in total FFA concentrations
Table 1
Characteristics of Korean and white groups

Korean
(n = 47)

White
(n = 47)

P value

Age (y) 39.8 ± 6.9 38.7 ± 6.7 .140
Sex (M/F) 26:21 26:21 1.000
Height (cm) 164.9 ± 8.0 174.2 ± 10.8 b.001
Weight (kg) 63.4 ± 11.0 70.7 ± 15.1 b.001
BMI (kg/m2) 23.1 ± 2.8 23.1 ± 2.9 .344
Body fat (%) 24.3 ± 4.3 25.7 ± 7.4 .079
Fat-free mass (kg) 44.3 ± 8.3 52.3 ± 12.7 b.001
Total plasma FFA (μmol/L) 208 (183-232) 215 (168-262) .563
Adiponectin (μg/mL) 7.1 ± 4.1 10.8 ± 4.4 b.001

Data are expressed as mean ± SD except for sex (number) and total plasma
FFA (median and 95% confidence interval). By paired t test except the
McNemar test for sex and the Wilcoxon signed-rank test for total plasma
FFA comparison.
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30% below those measured by high-performance liquid
chromatography, likely because the kinetics of the reaction
differ between different FFA species. All samples were
analyzed in the same assay; and standards were run at the
beginning, middle, and end of the run. Samples from Korean
and white volunteers were intermixed to avoid potential
ordering effects. Plasma adiponectin concentration was
determined with a double-antibody radioimmunoassay kit
(Linco Research, St Charles, MO). Intraassay coefficient
of variation was 23%, 6.6%, and 5.1% at 2.8, 28.5, and
64.1 ng/mL, respectively.

2.3. Statistical analysis

The mean and standard deviation of fasting plasma FFA
and adiponectin concentrations from previous studies were
used to develop the statistical power for this study. To test
the hypothesis that fasting plasma FFA and adiponectin
concentrations would be at least 20% greater in Koreans
than whites (1-sided test), a sample size of 47 subjects per
group provides 94% power to detect this difference with an
α of 5%. Relations between continuous variables were ana-
lyzed by means of the calculation of Pearson or partial
correlation coefficients or multivariate analysis as appro-
priate. Results are presented as mean and SD, SEM, or
median and 95% confidence interval, as appropriate. We
used analysis of covariance (ANCOVA) to determine
differences in adjusted mean adiponectin between Koreans
and whites after controlling for several covariates. A
P value less than .05 was deemed statistically significant.
SPSS 11.0 for Windows (SPSS, Chicago, IL) was used for
all statistical analyses.
3. Results

By design, there was no difference in age, sex, and BMI
between Korean and white volunteers. Although Korean
participants were shorter, weighed less, and had less fat-free
mass compared with white subjects, the percentage of body
fat was not different between the 2 groups (Table 1). Eighty
percent of the volunteers were in the BMI range of 18.9 to
24.9 kg/m2, 18% had a BMI of 25 to 29.9 kg/m2, and only
2% of the subjects had a BMI of at least 30 kg/m2.



Fig. 1. Comparison of plasma adiponectin concentration in men (white bars),
women (dark gray bars), and total (light gray bars) subjects between Koreans
and whites. Values represent adjusted means ± SEM after adjustment for
BMI and fat-free mass as covariates (additional adjustment for sex in total).
*P b .005, **P b .001 by ANCOVA.
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Percentage of body fat was negatively correlated with
height and fat-free mass (Table 2). Fat-free mass was
positively correlated with height, weight, and BMI. Women
had a tendency to have a higher body fat percentage and
higher fat-free mass than men (data not shown).

We did not find a significant difference in plasma FFA
concentrations between Korean and white subjects (Table 1,
P = .51). We found no significant correlation between plasma
FFA and BMI or percentage of body fat in either Korean or
white people (data not shown).

Plasma adiponectin concentrations were lower in Korean
than white adults (P b .001, Table 1). Men had lower
adiponectin levels than women in both Korean (P = .041)
and Western populations (P b .001, Fig. 1). By simple
regression analysis, adiponectin was significantly and
negatively correlated with BMI and free-fat mass (P b
.05) in Korean adults and was negatively correlated only
with BMI (P b .05) in white adults. No other variable was
significantly associated with adiponectin. When the 2
groups were combined, ethnicity (P = .001) was the only
independent predictor of plasma adiponectin in a multi-
variate analysis. The main effects of ethnicity on plasma
adiponectin concentrations remained significant (P b .001)
after controlling for height, weight, and fat-free mass as
covariates with ANCOVA. The plasma adiponectin con-
centrations in Koreans were significantly lesser than with
whites in men, women, and total subgroups (adjusted
mean ± SEM: 4.9 ± 0.8 vs 9.1 ± 0.8 μg/mL, P = .004; 8.9 ±
1.0 vs 13.2 ± 1.0 μg/mL, P = .006; and 6.5 ± 0.6 vs 11.1 ±
0.6 μg/mL, P ≤ .001, respectively).
4. Discussion

This is the first study, to our knowledge, to compare
the concentration of 2 important adipogenic factors in
metabolic disease—plasma FFA and adiponectin—
directly among Koreans with similar age, sex, and BMI
as whites. Previous studies indicate ethnic differences in
the amount of intraabdominal fat, a factor associated with
abnormal FFA and adipokines, between Asians and whites
at the same WC levels [4,5]. A lower threshold of WC
to define abdominal adiposity\disease risk has been
proposed for South Asian populations compared with
white populations [1]. It seemed likely to us that there
might be differences in some key adipogenic factors
that relate to metabolic complications of obesity. We
found that, although fasting FFA concentrations were not
different, adiponectin concentrations were lower in
Korean than white men and women.

Plasma FFA, the major circulating lipid fuel in post-
absorptive humans, originate from adipose tissue lipolysis.
Adiponectin is an adipocyte-derived hormone that is
thought to have anti-inflammatory and antiatherogenic
effects [12,15] and is found at relatively high concentrations
in human plasma ranging from 5 to 30 μg/mL. The adi-
ponectin messenger RNAs and its plasma levels are reduced
in obesity and its related comorbidities. Recently, racial and
ethnic differences have been reported in plasma adiponectin
levels between whites and other racial or ethnic groups
[9-14]. To our knowledge, only a single study evaluated
ethnic difference in adiponectin concentration between
Eastern Asians who remain in their country of origin and
whites [9]. However, this study reported results only for
men, unmatched for age and BMI. Other studies have
included mainly overweight/obese men or women or
patients with diabetes mellitus or coronary artery disease
[10-14]. Therefore, we hypothesized that racial difference in
fasting plasma FFA or adiponectin concentrations could
partially explain why Asians generally tended to have a
higher risk of metabolic abnormalities at a lower WC and
BMI than whites.

Asians consume less fat and more carbohydrate than
whites [16]. Our results suggest that there is maybe limited
interracial variability in fasting plasma FFA concentrations
between people with similar normal and overweight BMI.
This suggests that the regulation of FFA availability may be
similar in different ethnic groups, although food items or the
amount of dietary composition consumed varies widely
between populations. In this study, whites were taller,
weighed more, and had more fat-free mass compared with
Koreans for the same BMI as in previous studies [17].

We found that Korean adults had significantly (P b .001)
lower adiponectin levels than whites even after adjust-
ment for confounding covariates. The prevalence of
hypoadiponectinemia (b4.0 μg/mL) was 23.9% in Korean
adults, which was higher than that in white adults (6.5%).
In addition, we observed that women had higher
adiponectin levels than men in both Korean and Western
population. These findings are consistent with those of
most [12,18], but not all [19], studies. Some of these
sex differences in adiponectin may result from differences
in the numbers and sizes of fat cells or sexual hormone
[18,19]. In addition, we found that fat-free mass, not body
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fat percentage, was negatively correlated with plasma
adiponectin concentration. However, some studies have
shown lower adiponectin levels in subjects with higher
body fat percentage [20-22], whereas other studies did not
show such a relationship [13,23,24], which are consistent
with our study. This discrepancy may be attributed, in part,
to the differences in BMI, comorbidity, age distribution, or
sample size among the subjects of previous studies.
Possible mechanisms underlying the ethnic difference in
adiponectin concentrations include differences in fat
distribution, genetic polymorphisms in genes regulating
adiponectin synthesis, secretion or degradation, and diet
[2,10,13,14,16].

Our study has some limitations, including the lack of
information regarding visceral fat, which could be an
important predictor of adiponectin. We used bioimpedance
analysis for body composition for Koreans and DXA
methods for whites in this study, although bioimpedance
analysis has been shown to be accurate in comparison to
DXA [25]. Although the generalizability of our study to all
Asians and whites is uncertain (all of the participants were
Koreans and Americans), nevertheless, recent reports of
similar differences between whites and other ethnic groups
[9-14] suggest that this phenomenon is not limited to
Koreans and American whites. Finally, we do not know
whether there are ethnic differences in postprandial FFA
concentrations or differences in other adipokines between
these populations.

In conclusion, we found significant difference in plasma
adiponectin, but not total plasma FFA, concentrations
between Koreans and whites at the same BMI. Our findings
suggest that total FFA concentrations are well regulated
within the reference range in the overnight postabsorptive
state even in different ethnic groups consuming different
diets. However, ethnic difference in adiponectin concentra-
tions is consistent with the greater vulnerability of Asians to
obesity-related diseases than whites [26].
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