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The vascular endothelium is the interface between the blood and vascular smooth muscle in arteries. It is eas-
ily damaged by oxidative stress. Recent studies show that Asians are more susceptible than Caucasians to im-
pairment of endothelial function. This study examined endothelial function in US-born Caucasians, Asians from
Korea, and US-born Asians (almost all Korean decent) and examined the effect of coenzyme Q10 (CoQ10) on
endothelial function.

Twenty Caucasians and 30 Asians participated (<35 years old, males and females). Endothelial function was
assessed by the skin blood flow response to local heat using a thermode for 6 minutes at 44°C and by vascu-
lar occlusion for 4 minutes followed by release and measurement of skin blood flow for 2 minutes. In the US-
born subjects, the experiments were repeated after 2-week administration of CoQ10 or a placebo.

When applying 6 minutes of local heat at 44°C, the skin blood flows were significantly higher in Caucasians than
both Asian groups Asians. Likewise after vascular occlusion, the blood flow response was greater in Caucasians
compared to Asians. Asians born in Asia had the lowest response of the 3 groups of subjects. Administering
CoQ10 for 2 weeks eliminated much of the difference between the groups, whereas there was no difference
with a placebo.

These findings suggest that Asians either born in Asia or the US may have lower endothelial function than
Caucasians. This may be explained, in part, by genetic variations causing increased oxidative stress from west-
ernized diets in Asians. Co enzyme Q10 administration narrows the difference between the groups.
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Background

In previous studies, we and others have shown that the endo-
thelial response seen in Asians newly arrived to the US is low-
er than that seen in age-matched Caucasians [1-4]. Further, in
Native born Koreans, when oxidative markers in the blood were
measured, the impaired endothelial response in Koreans, as
measured by MDA, was inversely related to endothelial func-
tion [3]. When antioxidants were given for 2 weeks, MDA was
reduced and the blood flow response to endothelial stress was
increased in Koreans compared to Caucasians [3]; however,
these studies compared native-born Asians, either in Asia or
newly arrived in the United States. In the present investiga-
tion, we examined endothelial function in 3 groups of subjects
— Caucasians born in the US, People of Asian descent but born
in the US, and Asians born in Asia but who were newly ar-
rived to the US to see if this difference in endothelial function
in Asians and Caucasians exists in US-born Asians and Asians
newly arrived to the US. We gave a 2-week dose of coenzyme
q10, an antioxidant, to Asians born in the United States and
Caucasians born in the US, to see if this would alter the blood
flow response to endothelial stress.

Previous studies have shown that Koreans, Chinese and people
from Thailand are more susceptible than Caucasians to free rad-
ical damage caused by diet. In Asians newly arrived the United
States but born in Asia, at rest and especially 2 hours after a
high fat meal, the blood flow response to occlusion and heat
diminished in proportion to the increase in blood-borne free
radicals. Taking antioxidant vitamins diminished these differ-
ences between Asians and Caucasians [3].

A number of studies have been conducted to see if antioxidants
might reduce free radicals and hence be protective of blood
flow in the myocardium and other organs [5,6]. Because free
radicals are strongly associated with cardiovascular disease
and diabetes [7-9], natural foods or vitamins might reduce the
risk of these pathologies [7-9]. The ability of many different
vitamins and additives to reduce free radicals in the blood has
been investigated [10-12]. Recently, there has been great in-
terest in coenzyme Q10, an electron acceptor that allows py-
ruvic acid to enter the mitochondria. It is also the first hydro-
gen acceptor in oxidative phosphorylation. Pharmaceuticals
like Lipitor deplete q10 and can cause atrophy of muscle, as
well as muscle cramps and weakness [13]. Q10 is also a po-
tent anti-inflammatory that can reduce inflammation and en-
dothelial damage after a heart attack and may even reduce in-
flammation from exercise [12]. Some reviews have concluded
that it is an ergogenic agent that prevents the loss of muscle
strength during exercise and increases endurance by absorb-
ing free radicals in muscle during exercise [12,14]. Coenzyme
Q10 supplementation reduces free radicals in the blood as as-
sessed by superoxide dismutase and MDA [5].
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One source of free radicals, as cited above, is the ingestion of
dietary fat [15-17]. Previous studies in our lab have shown that
even the ingestion of a single high fat meal can, in some races,
impair blood vessel (endothelial) function [2]. Endothelial func-
tion has been measured in previous studies in 2 ways: response
to vascular occlusion and response to local heat. The gold stan-
dard for assessing endothelial function is the response to vas-
cular occlusion [18], which involves placing an occlusion cuff
over the arm at the axilla for 4 minutes and then, after pres-
sure is removed, noting the blood flow response for 2 minutes.
Another measure of endothelial function is the skin response
to local heat [18-22]. When heat is applied to the skin, there
is an increase in blood flow mediated by 2 different mecha-
nisms. Initially, tactile neurons in the skin release Substance P
and Calcitonin Gene-Related Peptide when the skin is exposed
to local heat [23,24]. This causes an increase in potassium per-
meability in vascular smooth muscle surrounding the endo-
thelial cells [14,23,25]. Relaxation of vascular smooth muscle
then increases skin blood flow, but this response only lasts a
few minutes. The sustained response to temperature is me-
diated by TRPV-4 voltage gated calcium channels in the vas-
cular endothelial cells [26-29]. Above a temperature of 35°C,
these cells cause an exponential increase in calcium influx into
the endothelial cells from the interstitial space. Calcium acti-
vates the enzyme nitric oxide synthase, producing endothe-
lial nitric oxide [30].

In a previous study, we have shown that both responses are
increased in young people ingesting a mixture of antioxidants
for 2 weeks. In the present investigation, we examined only
the effect of coenzyme q10. It was administered for 2 weeks.
Endothelial function was assessed in Asians born in the US,
Asians born in Asia (Korea) and Caucasians born in the US.
The experiments were repeated before and after Co enzyme
Q10 administration in the 2 US born groups.

Material and Methods

Subjects

Sixty subjects participated in the experiments. Twenty sub-
jects were US-born Caucasians. Their data was compared
to 2 groups of Asian subjects; 20 subjects whose parents
or grandparents were from China and Korea (17 Korea and
3 from China) but who were born in the US and had lived
there their whole lives, and 10 subjects who had arrived in
the US within the last year from Korea and who were born
in Korea. The 20 US-born Asians were physical therapy stu-
dents: 10 were in the coq10 group and 10 were in the pla-
cebo group. Subjects were of similar age, not taking alpha
blockers, beta blockers, alpha agonists or antagonists, or
any other medication that would affect peripheral blood
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Table 1. Demographics of the 20 Caucasian US born subjects.

Age (years) Height (cm) Weight (kg) BMI

flow, nor were they taking calcium channel blockers or any
pain medications. All subjects were vitamin naive for at
least a month prior to the beginning of this study. No sub-
jects were smokers. All methods and procedures were ap-
proved by the Institutional Review Board of Azusa Pacific
or Loma Linda University. All subjects signed a statement
of informed consent. General characteristics of subjects are
shown in Tables 1-3. There were no statistical differences
in age, height, weight, or BMI among the 3 groups of sub-
jects (p>0.05).

Methods
Measurement of skin temperature

Skin temperature was measured with a thermistor (SKT RX
202A) manufactured by BioPac systems (BioPac Inc., Goleta,
CA). The thermistor output was sensed by an SKT 100 therm-
istor amplifier (BioPac Inc., Goleta, CA). The output, which was
a voltage between 0 and 10 volts, was then sampled with an
analog-to-digital converter at a frequency of a 1000 samples
per second with a resolution of 24 bits using a BioPac MP150
analog-to-digital converter. The converted data was then stored
on a desktop computer using Acknowledge 4.1 software for
later analysis. Data analysis was done over a 5-second peri-
od for mean temperature. The temperature was calibrated
at the beginning of each day by placing the thermistors in a
controlled temperature water bath calibrated against a stan-
dard thermometer.
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Figure 1. The Moor laser flow meter with the surrounding
thermode to heat the skin.

Measurement of skin blood flow

Skin blood flow was measured with a Moor Laser Doppler
flow meter (VMS LDF20, Oxford England). The imager uses a
red laser beam (632.8 nm) to measure skin blood flow using
the Doppler effect. After warming the laser for 15 to 30 min-
utes prior to use, the laser was applied to the skin through a
VP12B fiber optic probe placed above the forearm (Figure 1).
The Moor Laser Doppler flow meter measures blood flow
through most of the dermal layer of the skin but does pene-
trate the entire dermal layer. Blood flow is then calculated in
a unit called Flux, based on the red cell concentration in red
cell velocity with a stated accuracy of +10%. The tissue thick-
ness sampled is typically 1 mm in depth.

Control of skin temperature

Skin temperature was controlled by a Moor temperature con-
troller (SH02) with an SHO2-SHP1 skin temperature module
integrated with the blood flow fiber optic probe (Figure 1). This
is a closed loop electric warmer (thermode), where tempera-
ture is controlled to within 0.1°C.

Measurement of endothelial function

Endothelial function was measured by arterial occlusion. The
blood flow to the arm was occluded for 4 minutes by placing
a pneumatic occlusion cuff on the upper arm under the axil-
la and inflating the cuff for 4 minutes. After the pressure was
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Figure 2. Showing the average blood flow in Caucasians, Asians
born in the US and Asians from Asia in response to
4 minutes of vascular occlusion. All data is the group
mean + the SD.

released, forearm blood flow was measured for 2 minutes to as-
sess the reactivity of the blood vessels to occlusion and anoxia.

Measurement of the response to heat

The response of the skin to heat was measured by applying
the heated probe to the skin for 6 minutes. The thermode was
set at a temperature of 44°C, warming the skin, and blood flow
was then recorded.

Procedures

Subjects were interviewed for inclusion and exclusion crite-
ria. Those subjects that were eligible were enrolled into the
study and read and signed a statement of informed consent.
Next, subjects rested for 15 minutes while height and weight
were taken. Baseline skin blood flow was recorded for 1 min-
ute over the forearm. Then, the thermode was applied upon
the arm above the brachioradialis muscle to warm the skin to
44°C. The thermode was left on for 6 minutes. On another day,
occlusion was applied by a blood pressure occlusion cuff inflat-
ed to 200mmHg for 4 minutes followed by 2 minutes of addi-
tional blood flow recording. Skin temperature at this site was
measured throughout the experimental period. Each experi-
ment took approximately 10 minutes and was performed on
2 separate days. In the subjects who were born in the United
States, the experiments were repeated after subjects had re-
ceived 300 mg/day of CoQ10 for half the group or a matched
appearance placebo for the other half of this group.

Statistical analysis
Data were summarized as means and standard deviations.

Baseline characteristics of Caucasians and Asians were com-
pared using ANOVA. A mixed factorial ANOVA was conducted

Figure 3. Showing the average blood flow in Caucasians, Asians
born in the US and Asians from Asia in response to
6 minutes of local heating of the skin. All data is the
group mean + the SD.

to compare the blood flow response to 4 minutes of vascu-
lar occlusion and 6 minutes of local heat. The level of signifi-
cance was set at p<0.05.

Results

Figure 2 shows the results of the measurement of skin blood
flow after 4 minutes of vascular occlusion in the 3 groups of
subjects. For all subjects, there was a rapid increase in blood
flow after the occlusion cuff was released. Blood flow peaked
about 10 seconds after the occlusion was released and then
fell exponentially during the 2 minutes after the occlusion time
period in which blood flow was measured. The blood flow at
rest was significantly higher for the Caucasian group than the 2
Asian groups. The 2 Asian groups were not different from each
other (p>0.05). From the end of the occlusion to the 2 minute
post occlusion period, skin blood flow was significantly differ-
ent in the Caucasians vs. the 2 Asian groups and the 2 Asian
groups were different form each other (p<0.05). This was bet-
ter seen in the area under the curve, a measure of total excess
blood flow needed to recover from the occlusion: 513+163 cc
for the Caucasian group, 418467 cc for the Asians born in the
US, and 156436 cc for the Asians newly arrived in the US. These
values were significantly different from each other (p<0.05).

The blood flow response to heat for the 3 groups of subjects
is shown in Figure 3. Blood flow rose starting about 30 sec-
onds after heat was applied. For all subjects, blood flow in-
creased steadily for about 2.5 minutes and then more slowly
rose thereafter. Caucasian subjects had the greatest increase
in blood flow and Asian subjects born in Asia had the least.
Blood flow was significantly higher at rest and throughout the
6-minute period in Caucasians compared to Asian newly arrived
to the US (p<0.05, ANOVA). The blood flow was significantly
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Figure 4. Showing the average blood flow in Caucasians and
Asians born in the US in response to 4 minutes of
vascular occlusion. All data is the group mean + the
SD. Data is shown before Q10 and after 2 weeks of
Q10 administration or placebo administration.

higher from 1 to 6 minutes in the Asians born in the US com-
pared to the Asians newly arrived in the US. The blood flow in
the Asians born in the US was significantly less than that of
US-born Caucasians from 1.5 to 6 minutes (p<0.05, ANOVA).

Figures 4 and 5 shows the blood flow in the skin of the
Caucasian and US-born Asian groups before and after 2-week
administration of Coenzyme q10 or for one group of 10 Asian
subjects who received a matched placebo. As shown in Figure
4, the difference in response after occlusion in blood flow be-
tween US-born Asians and Caucasians (panel A) was elimi-
nated after 2-week administration of Coq10 panel B (p>0.05,
ANOVA). The placebo group showed no change in their re-
sponse (p>0.05, ANOVA). For the Caucasian group, there was
a significant increase in blood flow at 4, 4.1, and 4.2 minutes
comparing data on the Caucasians before and after admin-
istration of Coenzyme q10 (p<0.05, ANOVA). For the US-born
Asians, there was no significant difference in the blood flow
response after occlusion compared to Caucasians. Thus, pro-
portionally, there was a greater increase in post-occlusion
blood flow in the Asians than in the Caucasians. For the pla-
cebo Asian group, there was no difference between pre- and
post-placebo values.
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Figure 5. Showing the average blood flow in Caucasians and
Asians born in the US in response to 6 minutes of
local heat. All data is the group mean + the SD.
Data is shown before Q10 and after 2 weeks of Q10
administration or placebo administration.

The response to heat is shown in Figure 5. Differences between
the US born Asian and Caucasian groups were eliminated af-
ter administration of Q10. There was no statistical difference
between the heat response of the groups (panel B, p>0.05,
ANOVA), except for the placebo group, which had no chang-
es comparing data collected before and after vitamin admin-
istration and data was still different than the other groups.

Discussion

Asians have developed a genetic mutation in a number of
genes that have been termed “thrifty” genes. These genes al-
low Asians to exist on low-calories diets [31-33]. People with
thrifty genes can store fat better than others and are there-
fore more likely to survive prolonged food shortages [2]. This
thrifty genotype, which is composed of many single-nucleotide
polymorphisms (SNPs), is a genetic difference regulating lipid
metabolism and fat storage, and differs depending on ethnicity
[31,33-35], but these same genes have been linked to a sharp
increase in the incidence of diabetes and heart disease all across
Asia. International studies conducted among different Asian
national populations in China, Korea, Philippines, Singapore,
and Taiwan have shown increased risk of type 2 diabetes and
cardiovascular disease at lower BMI than European popula-
tions [36]. According to recent studies, the predicted preva-
lence of metabolic syndrome is 25% for non-Hispanic Whites
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compared to 45% of Asians (Korean, Asian Indian, Chinese,
Filipino, Japanese, and Vietnamese) and prevalence of diabetes
in Asian Americans is 60% higher than in non-Hispanic whites
[36,37]. Such ethnic difference could be either due to a natu-
rally lower blood flow in Asians or the influence of the thrifty
genotype on endothelial function [31,33,34]. Due to a mod-
ern high-fat diet, this genotype may cause endothelial dam-
age. What has been termed a “westernized “ diet in Asia led
it to have the most rapidly increasing incidence of heart dis-
ease and diabetes in the world [38]. The most pronounced ef-
fect is on vascular endothelial cells.

The vascular endothelial cell is the interface between the blood
and either the surrounding vascular smooth muscle or the
movement of substances into and out of the capillaries [24].
Endothelial cells release substances in the arteries that either
causes relaxation of the artery (vasodilation) or constriction of
smooth muscle [2,10,15,24]. A principal vasodilator is nitric oxide
[7,39]. Produced from the reduction of l-arginine to |- citrulline,
this fat-soluble substance readily moves to vascular smooth mus-
cle cells and causes muscle relaxation [1,40]. This predominant
vasodilator pathway is subject to damage by free radicals [3].

Free radicals are commonly produced and neutralized in the
body [41]. Some free radicals are produced and used for cel-
lular communication, and others are produced as a natural
product of cellular metabolism [39,42-44].

Older adults have lower levels of antioxidant enzymes [45] and
are therefore more susceptible to injury from pro-oxidant chal-
lenges [46]. Thus, especially in older individuals, the production
of free radicals at rest and during exercise can cause significant
damage to tissue, leading to an inflammatory response [41,46,47].

When the free radical concentration reaches a critical level, rath-
er than increasing blood flow, they biodegrade nitric oxide and
prostacyclin, a second vasodilator released from vascular endo-
thelial cells, into inactive forms [17,30,48]. In the presence of
free radicals such as hydrogen peroxide, nitric oxide is reduced
to peroxynitrite (ONOO), a free radical with no influence on cir-
culation[18]. Bioconversion of nitric oxide to peroxynitrite is be-
lieved to be one of the mechanisms associated with the reduc-
tion in circulation at rest and during stress in older people and
people with diabetes, leading to endothelial dysfunction [18].

Previous studies on Japanese in Japan, Japanese Americans,
and people in the US from Thailand, Korea, and India, have all
shown that even a single high-fat meal can reduce the blood
flow response to the skin and muscle in response to occlusion
[4,32,33,49,50]. Free radicals have been measured after a sin-
gle high-fat meal and with a chronic high-fat diet and found
to be markedly elevated, especially in Asians. Nappo et al.
[51]investigated inflammatory markers after healthy subjects
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ingested a high-fat meal. They verified significant elevations
in serum triglycerides (TG), as well as cytokines such as TNF-a,
TL-6, monocyte chemo-attractant protein, and an increase
in the expression of adhesion molecules (ICAM-1, VCAM-1),
which normally are absent in the endothelium of the vascu-
lar wall. In native Koreans, free radicals were higher than in
Caucasians [3]. With the use of antioxidants for only 2 weeks,
free radicals were reduced after a high-fat meal to levels sim-
ilar to those found in Caucasians and the blood flow response
to occlusion and heat was no different in Koreans than their
Caucasian counterparts [49].

This, then, agrees with the results of the present investigation
in many ways. One major difference is that Asians were com-
pared that were born in the US vs. those that were newly ar-
rived to the US. The Asians newly arrived in the US had more
diminished blood flow response to occlusion and heat than
US-born Asians. One possibility is that US-born Asians have
adapted to the high-fat foods common in a western diet. By
being born in the US, the body may develop a type of immu-
nity to the free radicals generated by a westernized diet. This
needs to be investigated further.

Another possibility is that their lifestyle is different than that
seen in Asians newly arrived to the US. In our study, the US-
born Asian subjects were physical therapy students. As such,
they exercise more than the general population, especially peo-
ple newly arrived in the US. Exercise has been shown to boost
the immune system and protect the body from free radicals
by increasing the concentration of peroxidases and other en-
zymes that reduce free radicals in the body [52]. This may be
the difference seen between the 2 Asian groups.

Of interest is the fact that administration of q10 for just 2 weeks
improved the response to occlusion by only a small amount in
Caucasians but by a large amount in US-born Asians. A mix-
ture of Q10 and vitamins A and C was used by Yim et al. [3],
who showed a similar improvement in native Asians before
and after ingesting a high-fat meal. Here, only Q10 was ad-
ministered but the results were very dramatic. Studies have
shown the antioxidant effect of Q10 [53-55]. The present study
agrees with these in that administration of Q10 was associ-
ated with an increased response to occlusion and a small in-
crease in the response to heat in Caucasians, and to a great-
er degree in Asians. This is probably due to reduced oxidative
stress, but there may be another mechanism associated with
metabolic effects on Q10. This needs further investigation.

Conclusions

1. Asians, either from Asia or born in the United States, have
an impaired skin blood flow response to occlusion and heat.
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