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Summary

The reaction of vascular endothelial cells to occlusion and heat in Southeast Asian Indians (SAI)
compared to Caucasians (C) has not been studied, although genetic differences are found in en-
dothelial cells between the races.

Ten C and Ten SAI (<35 years old) male and female subjects participated. There was no difference
in the demographics of the subjects except that the SAI group had been in the United States for 6
months; C was natives to the US. Endothelial function was assessed by the response of the circula-
tion (BF) to local heating and the response to vascular occlusion. The effects of local heat on cir-
culation in the skin on the forearm was assessed by applying heat for 6 minutes at temperatures,
38, 40 and 42°C on 3 separate days. On different days, vascular occlusion was applied for 4 min-
utes to the same arm and skin blood flow was measured for 2 minutes after occlusion; skin tem-
perature was either 31°C or 42°C.

When occlusion was applied at a skin temperature of 31°C, the BF response to occlusion was sig-
nificantly lower in the SAI cohort compared to C (peak BF C=617+88.2 flux, SAE=284+73 flux).
The same effect was seen at skin temperatures of 42°C. The circulatory response to heat was also
significantly less in SAI compared to C at each temperature examined (p<0.05) (for temperatures
of 38, 40 and 42°C, peak blood flow for C was 374.7+81.2, 551.9£91.3 and 725.9+107 flux respec-
tively and 248.5+86.2, 361.4+104.3 and 455.3+109.7 flux respectively for SAL (p<0.05).

Thus there seems to be big differences in these 2 populations in endothelial response to these
stressors. The difference may be due to genetic variations between the 2 groups of subjects.
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BACKGROUND

The blood flow in the skin and other tissues is controlled
by vascular endothelial cells. Studies show that different ra-
cial populations have different genes that can alter endo-
thelial function [1]. For example, people from Thailand
and other North and Southern Asians have a thrifty gene
that alters their endothelial function [1,2]. This gene was
developed to protect this population from starvation and
alters a nuclear transmitter PPAR, which in turn, alters the
response of the endothelial cells to stressors such as anox-
ia [2]. Little is known about the endothelial function of
people from India. The response of the skin, for example,
to anoxia or even local heat application has not been ex-
amined in even a younger population of Southeast Asian
Indians compared to other racial groups.

A standard measure of endothelial function is the vascular
response to occlusion of the circulation [3-5]. When vas-
cular occlusion is applied for 4 minutes and then released,
there is a rapid post occlusive hyperemia which returns to
normal in about 2 minutes[2,6]. This is a standard test of
endothelial function used in clinical medicine [2,4]. Nitric
oxide inhibition only reduces the hyperemic response to oc-
clusion slightly [7]. It is believed that the response is driv-
en by prostaglandins, tactile sensory nerves and other un-
known factors [7,8]. Ageing and diabetes reduce the blood
flow response to vascular occlusion [6,9].

Local application of heat is also mediated by the vascular en-
dothelial cells in skin blood vessels. It is well established that
when heat is applied to the skin there is an increase in skin
blood flow [9-11]. Initially, tactile neurons in the skin re-
lease Substance P and Calcitonin Gene Related Peptide when
the skin is exposed to local heat [12,13]. This causes an in-
crease in potassium permeability in vascular smooth muscle
surrounding the endothelial cell [12,14,15]. Relaxation of
vascular smooth muscle then increases blood flow. But this
response only lasts a few minutes. The sustained response to
increasing temperature in the skin is mediated by TRPV-4 volt-
age gated calcium channels in the vascular endothelial cells
[16-19]. Above a temperature of 35°C, these cells cause an
exponential increase in calcium influx into the endothelial
cell from the interstitial space. Calcium activates the enzyme
nitric oxide synthase producing endothelial nitric oxide [11].
Nitric oxide, a potent vasodilator, diffuses into the surround-
ing smooth muscle activating cyclic GMP which in turn in-
creases potassium permeability and relaxes vascular smooth
muscle [12,15,20-22]. Damage to endothelial cells with age-
ing and diabetes diminishes the response to local heat [6,9].

Both of these tests, that is occlusion and the response of the
skin to local heat have been well characterized in Caucasians
but little has been done to examine the responses in other
races. Some studies have been conducted on Asians. For ex-
ample, the response to occlusion is blunted in people from
Thailand compared to Caucasians [2]. While occlusion is
a useful clinical test, it is more practical to examine the re-
sponse to other stressors such as to heat since heat is used
as a therapeutic modality [23-25]. Many of the same genes
as seen in people from Thailand are found in Southeast
Asian Indians. Since people from Southeast Asia have a
similar gene pool to people from Thailand, the hypoth-
esis in the present investigation is that people from India

will have a reduced response to heat and occlusion as was
seen for occlusion with people from Thailand. Therefore,
the present investigation tested the hypothesis that people
from Southeast Asia would have a diminished response to
heat and vascular occlusion.

MATERIAL AND METHODS

Subjects

Twenty subjects participated in these experiments. The
subjects were divided into two groups; one group of peo-
ple from India and one other group of Caucasians. Both
were living in the United States and were students at Loma
Linda University. Most students were physical therapists.
The cohort from India was only in the United States for 6
months. The Caucasian cohort were all born and grew up
in the United States. There were 10 subjects in each group.
Subjects had no diagnosed cardiovascular disease, were not
taking any medications that would affect the cardiovascu-
lar system and did not have any known peripheral circula-
tory diseases. The general characteristics of the subjects are
shown below in Tables 1 and 2. As shown in Tables 1 and 2,
there was no significant statistical difference between ages,
height, weight, BMI or % body fat of the 2 groups of the
subjects. However, although there was no significant statis-
tical difference in the general demographics, when ultra-
sound was used to measure subcutaneous fat thickness and
skin thickness, the average skin thickness for the Caucasian
group was 0.04+0.01 mm with the same skin thickness in the
group from south-east India. Subcutaneous fat thickness was
higher at 0.11+0.03 for the Caucasian group compared to
0.08+0.03 for the Indian group. This difference was statisti-
cally significant (p<0.05). The resting heart rate and blood
pressure of the 2 groups of subjects was 72+6 beats per min-
ute and 122+8.9/77+5.6 mmHg in the C group respective-
ly and 71+7 and 120+10.2/75+8.2 mmHg in the SAI group.
There was no significant difference between the groups.

All protocols and procedures were approved by the
Institutional Review Board of Loma Linda University and
all subjects signed a statement of informed consent.

Methods
Measurement of skin blood flow

Skin blood flow was measured with a MOOR Laser Doppler
imager (Moor LTD Oxford, England). The imager used
a red Laser beam to measure blood flow in the skin. The
Laser was used in a single spot mode. In this mode, the
Laser scanned a single point continuously to measure the
skin blood flow. Blood flow in a Laser Doppler imager is
calculated in a unit called flux. The stated reliability from
the manufacturer is 5% from day to day. The laser was cal-
ibrated just before and in the middle and end of the study;
there were no calibration changes noted.

Measurement of skin temperature

Skin temperature was measured by a thermocouple. The
thermocouple is a copper constantan alloy thermocouple
from Columbus Instruments (Columbus, Ohio) and was con-
nected to an IsoThermix analysis system. The IsoThermix
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Table 1. General characteristics of the 4 men and 6 women in the Caucasian group of subjects.

Age (years) Height (cm) Weight (kg) BMI % fat
Mean 26.78 173.61 70.56 2332 25.87
SD 2.64 10.22 11.28 2.62 6.53

Table 2. General characteristics of the 7 men and 3 women in the Indian group of subjects.

Age (years) Height (cm) Weight (kg) BMI % fat
Mean 25.2 170.9 74.2 25.2 26.8
SD 26 7.1 14.6 3.8 5.6

system was internally calibrated and measured temperature
from a catheter which is small enough to fit into the tip of a
22 gauge needle. The thermocouple was calibrated at 2 dif-
ferent temperatures, 30 and 45 degrees centigrade before
the experiments started, in the middle and at the end. The
baths were verified with a standard reference thermometer.

Control of skin temperature

Skin temperature was controlled with a thermode. The ther-
mode consisted of a plastic chamber with a port on each end
so that water could pass through the interior. The cham-
ber was approximately 5.3 cm by 2.5 cm by 2.5 cm in size.
On each end of the chamber was a thermocouple such that
as water circulated through the interior from a controlled
temperature water bath (Biopac systems, Goleta California),
the temperature difference across the chamber could be
measured. Heat flow from the chamber to the skin was
measured by multiplying the flow of water per minute go-
ing through the outlet times the temperature differential
across the chamber. This provided the number of calories
of heat being delivered to the skin. Water bath temperatures
were kept at 38, 40 or 42°C. A hole through the thermode
allowed the Laser to scan through the center of the ther-
mode onto the skin. Further detail on the technique and
the reliability and validity are published elsewhere [26,27].

Body fat content

Body fat content was measured by an Quantum II Body
Composition Analyzer (RJL Systems, Clinton TWP, MI).

Skin thickness and subcutaneous fat thickness

Skin and subcutaneous fat thickness was assessed with a
Mindray M7 Ultrasound. The probe used was a linear probe
with 512 elements which could measure the thickness of
skin and subcutaneous fat to a resolution of 0.01 mm. It
was used at a base frequency of 10 MHz

Procedures

Subjects entered a thermally neutral room (22°C) and rest-
ed comfortably for 20 minutes in the seated position. The
area used was the skin over the belly of the brachioradialus
muscle. For each person, a mark was placed at the side of

the flow measurement with ink so that placement was the
same from one experiment to the next. Baseline blood flow
was recorded for 1 minute. Five different experiments were
then conducted. In 3 of these experiments, the thermode
was placed on the skin and the water temperature warmed
the skin to 38°C, 40°C or 42°C on 3 separate days, respec-
tively. The thermode was left on for 6 minutes. On another
day, occlusion was applied for 4 minutes by a blood pressure
occlusion cuff inflated to 200 mmHg followed by 2 minutes
of additional blood flow recording. Finally, on the last day,
the occlusion experiments were repeated but the thermode
was applied throughout the entire 6 minute period bring-
ing skin temperature to 42°C. Skin temperature at this site
was measured throughout the experimental period.

Analysis of data

Means and standard deviations were calculated using Excel
and SPSS version 15. Two way ANOVA repeated measures
(Scheffé test Post Hoc testing) was also calculated on SPSS
with a level of significance of p<0.05.

RESULTS

Response to vascular occlusion
Caucasian group

The results of the determination of skin blood flow af-
ter 4 minutes of vascular occlusion are shown in Figures 1
(Caucasians) and 2 (Southeast Indians) respectively. As
shown in Figure 1, when the subjects sat in a thermally neu-
tral room, the average skin blood flow at rest was 102.1+33.1
flux. During the occlusion, there was some skin blood flow
but this low blood flow, which was seen in both Figures 1
and 2 for both Caucasian and Indians, is due to molecular
motion in the arm and not due to actual blood flow. Laser
Doppler imaging measures molecular movement and hence,
can only show 0 flux under the condition that all molecular
motion stops. As shown in Figure 1, for Caucasians, after the
occlusion was released at 240 seconds, there was a rapid in-
crease in blood flow to a maximum value of 617.3+88.2 flux
within 30 seconds after the occlusion cuff was removed. The
skin blood flow for this group of 10 subjects reduced rapid-
ly over the next 2 minutes towards the initial resting flow of
approximately a 100 flux. The final blood flow 2 minutes
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Figure 1. lllustrated here is the relationship between blood flow
(flux) obtained on a Laser Doppler Imager and the time
that the blood flow was collected in seconds on Caucasian
subjects. Each point represents the mean of the results of
the 10 subjects + the respective standard deviation under 2
conditions. In the first condition, occlusion was applied for
the arm for 4 minutes in a thermally neutral room. Blood
flow was then recorded throughout the 4 minute period and
the 2 minute period following the release of the occlusion
cuff. In the second set of experiments, occlusion was also
applied for 4 minutes but with the arm warmed to 42°C
with the thermode during the occlusion and for 2 minutes
following the occlusion.

after vascular occlusion in an environmentally neutral room
was 208.7+81.2 flux. This was not the case when the arm
was heated during vascular occlusion. When the arm was
heated as shown in Figure 1, with a thermode at 42°C, both
during and after the occlusion was removed, blood flow in-
creased significantly higher, increasing to 711.3+101.4 flux
at the peak after the cuff was removed but then plateaued
at an average of 64146 flux for the remaining 2 minute pe-
riod. In Figure 1, there was no significant difference in the
blood flow at rest. After vascular occlusion was released,
blood flow was significantly different (p<0.01) for flows re-
corded for all time periods after occlusion was released.

Asian Indians

For the group of subjects from Southeast Asia, skin blood
flow, at rest, averaged 101.2+24.3 flux. This was not signifi-
cantly different from the resting blood flow in the Caucasians
(P>0.05). In the thermally neutral environment, when the oc-
clusion was removed, skin blood flow immediately increased
during the post-occlusion reactive hyperemia to a maximum
of 284.5+73.2 flux as shown in this figure. The average skin
blood flow then decreased exponentially to a final value of
147.3+64.3 flux at the end of the 2 minute period. In contrast,
when the skin was warmed, there was a much greater increase
in the circulation, skin blood flow increasing to a maximum
of 543.8+101.3 flux after the occlusion cuff was released and
then plateauing at 471.1+104.5 flux at 2 minutes after the oc-
clusion. In Figure 2, there was no significant difference in the
blood flow at rest. After vascular occlusion was released, blood
flow was significantly different (p<0.01) for flows recorded
for all time periods after occlusion was released.

Figure 2. lllustrated here is the relationship between blood flow
(flux) obtained on a Laser Doppler Imager and the time that
the blood flow was collected in seconds in South East Asian
Indians. Each point represents the mean of the results of
the 10 subjects + the respective standard deviation under 2
conditions. In the first condition, occlusion was applied for
the arm for 4 minutes in a thermally neutral room. Blood
flow was then recorded throughout the 4 minute period and
the 2 minute period following the release of the occlusion
cuff. In the second set of experiments, occlusion was also
applied for 4 minutes but with the arm warmed to 42°C
with the thermode during the occlusion and for 2 minutes
following the occlusion.

Comparing Caucasians and Indians, the skin blood flow af-
ter the occlusion cuff was removed was significantly higher
immediately after and for first minute and half after occlu-
sion was removed (during the reactive hyperemia) com-
paring Caucasians to Indians (p<0.01) when occlusion was
applied in the thermally neutral room. This was also true
when heat was applied, except that here, skin blood flow af-
ter the occlusion cuff was removed was significantly higher
for the Caucasians at every measuring point throughout the
entire 2 minute post-occlusive hyperemia period (p<0.01).

Response to local heat

The change in skin temperature associated with 6 minutes
of passive heating for Caucasians and Southeast Indians are
shown in Figures 3 and 4 respectively. As illustrated for the
mean results (average of all subjects in each group) in these
2 figures, for both groups of subjects, skin temperature in-
crease continuously over the 6 minute period. However, as
might be expected, the greatest skin temperature increase
was after exposure to the 42°C thermode for both groups of
subjects. However, there are differences between the groups.

Skin temperature in Caucasians

For the Caucasian subjects (Figure 3), the average skin tem-
perature started at 32.6+0.6°C and increased to a maximum
after exposure to the 38°C thermode of 35.0+0.9°C, after the
40°C thermode to 35.5+0.9°C and after the 42°C thermode
to 36.2+1.1°C 6 minutes after the thermode was applied to
the skin. The skin temperature after the 38, 40 and 42°C
thermodes were significantly greater than each other and
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Skin Temperature Caucasians

Skin temperature (°C)

Figure 3. lllustrated here is the skin temperature (°C) recorded
throughout the exposure to a 38, 40, 42°C for period of
360 seconds(X-axis) on 10 Caucasian subjects. Each point
illustrates the mean + respective standard deviation.

higher with the greater thermode temperatures starting at 20
seconds after the thermode was applied (ANOVA, p<0.01).
For the first 20 seconds there was no significant difference
in skin temperature for the 38 and 40 degree baths but the
42 degree bath showed a high skin temperature starting at
10 seconds compared to the other two experiments (p<0.05).

Southeast Asia Indians

In contrast, while the average skin temperature at rest, av-
eraged 32.5+0.5°C for the subjects from Southeast Asia
(Figure 4) was not significantly different from that of the
Caucasians (p>0.05), there was a difference in the maxi-
mum temperature at the end of the 6 minutes after expo-
sure to the 3 different thermode temperatures. The skin
temperature after the 38, 40 and 42°C thermodes were sig-
nificantly greater than each other and higher with the great-
er thermode temperatures starting at 20 seconds after the
thermode was applied (ANOVA, p<0.01). For the first 20
seconds there was no significant difference in skin temper-
ature for the 38 and 40 degree baths but the 42 degree bath
showed a high skin temperature starting at 10 seconds com-
pared to the other two experiments (p<0.05).

While the general trend was the same for Indians and
Caucasians as shown in Figures 3 and 4, showing a contin-
uous increase in the temperature of the skin to final values
after thermode exposure at 38, 40 and 42°C of 36.3+0.8,
37.0£0.9 and 37.7+0.9°C respectively, the temperature in
the skin in Indian subjects was generally higher than that
of the Caucasian subjects. All temperature measurements
for the skin starting at 30 seconds after the thermode was
placed on the skin at all 3 thermode temperatures were
significantly higher in the Southeast Asians compared to
the Caucasians (p<0.05). For the first 30 seconds, the dif-
ference was no significant. There was also a difference in
the number of calories absorbed from the thermode in the
Caucasian vs. subjects from Southeast Asia.

Calories transferred during heating in Caucasians and
Asians

When the number of calories to warm the skin was calcu-
lated for each of the 3 bath temperatures (38, 40, 42°C),

Figure 4. lllustrated here is the skin temperature (°C) recorded
throughout the exposure to a 38, 40, 42°C thermode
applied to the skin for period of 360 seconds(X-axis) on 10
Southeast Asian Indian subjects. Each point illustrates the
mean = respective standard deviation.

for the Caucasians, over the 6 minute period the average
was 8.1+1.3, 6.4£0.7 and 3.8+0.6 calories per minute over
the 6 minute period that was transferred from the ther-
mode into the skin. The number of calories transferred at
each temperature was significantly different from each oth-
er (ANOVA, p<0.01). For the subjects, who were Southeast
Asian Indians, the average number of calories was signifi-
cantly less at each temperature for the thermodes than for
the Caucasians (p<0.05) averaging 5.9+0.6, 4.1+0.6, 1.9+0.3

calories per minute.
Skin blood flow during local heat exposure

The results of the determination of skin blood flow during 6
minutes exposure taken after exposure to thermode temper-
atures of 38, 40, 42°C are shown in Figures 5 (Caucasians)
and 6 (Southeast Asian Indians).

Caucasians

For the Caucasian cohort, after exposure to all 3 thermode
temperatures, skin blood flow increased continuously as
shown in Figure 5. The greatest skin blood flow seen was af-
ter 6 minutes exposure to a thermode of 42°C. Circulation
was much less in the skin of the forearm for thermode tem-
peratures of 40 and 38°C respectively. The average resting
blood flow of the forearm was 113.38+48.2 flux. From this
initial value, the final blood flows after 6 minutes of expo-
sure to the thermode at 38, 40 and 42°C were 374.7+81.2,
551.9+91.3 and 725.9£107 flux respectively. The blood flow,
was significantly higher at 42 then 40 then 38°C at any point
during the heat exposure (ANOVA, p<0.01) after 30 sec-
onds of heat exposure. For rest and 10 seconds there was
no significant difference and at 20 and 30 seconds only the
42 degree thermode showed a significantly higher blood
flow response.

Southeast Asian Indians

For the Southeast Asian Indians, the average resting
blood flow was not significantly different than that of the
Caucasians averaging 96.0+37.1 flux. The final blood flow
after the exposure to the thermode at 38, 40 and 42°C was
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Figure 5. lllustrated here is the blood flow (flux) measured during
the exposure to heat with the forearm heat by a thermode
at 38, 40, or 42°Cin 10 Caucasian subjects at rest and over
a period of 360 seconds. Each point illustrates the mean of
the 10 subjects + the standard deviation for exposure to
each of the 3 conditions on separate days.

248.5+86.2, 361.4+104.3 and 455.3+109.7 flux respectively
for the 3 temperatures. As was the case with the Caucasians,
the skin blood flow increased above rest at each point in
time for the whole 6 minutes but the magnitude of the blood
flow response was significantly higher for the thermode at
42 compared to 40°C and 38°C (ANOVA, p<0.01) after 90
seconds of placement of the thermode. For the first 20 sec-
onds, there was no significant difference in the response
at any thermode temperature. From 30 to 80 seconds, only
the 42 degree thermode flux response was significantly
higher than the other 2 temperatures (p<0.05). Comparing
Caucasians to Indians, for each temperature, that is 38, 40,
42°C that the thermode was at, Caucasians had significantly
higher skin blood flow than was seen for Southeast Indian
subjects (p<0.01) after 90 seconds of thermode placement.
In the first 40 seconds, there was no significant difference
and from 50 to 80 it was significant (p<0.05).

DiscussIioN

The gold standard for measuring vascular endothelial func-
tion is by applying 4 minutes of occlusion to the limb and
then measuring the reactive hyperemia either in the bra-
chial artery of the forearm or the skin after the occlusion
is released [2,5,6,28,29]. The test has been used in numer-
ous studies to assess vascular endothelial function to show
cardiovascular disease[30], vascular damage elicited by di-
abetes [6,31,32], and to assess the effect of ageing on vascu-
lar endothelial function [33]. The implication of this test is
that reduced vascular endothelial function affects the blood
flow to organs and impairs organ function. However, while
vascular endothelial function as assessed by occlusion or
even the effect of local heat on skin circulation has been
well documented in Caucasians, it has not been well docu-
mented in Southeast Asian Indians.

In the present investigation, 10 young Caucasian subjects
and 10 young subjects who were Southeast Asian Indians
were examined. First, occlusion was applied in a thermally

Figure 6. lllustrated here is the blood flow (flux) measured during
the exposure to heat with the forearm heat by a thermode
at 38, 40, or 42°Cin 10 Southeast Asian Indian subjects at
rest and over a period of 360 seconds. Each point illustrates
the mean of the 10 subjects + the standard deviation for
exposure to each of the 3 conditions on separate days.

neutral room to assess vascular endothelial function. In these
young subjects, there was a marked difference in the vascu-
lar endothelial response in the Southeast Asian Indians ex-
amined in this study compared to Caucasians. Whereas the
time course of the reactive hyperemia was approximately
the same in both cohorts, the blood flow response after oc-
clusion was approximately twice as high in Caucasians as in
the subjects from India. This would seem to imply reduced
vascular endothelial function in this Indian population.
Numerous studies have pointed to genetic differences be-
tween Asians, Southwest Asians, and people from India and
Caucasians [1]. For example, Asians have a gene which has
been called the “thrifty gene”[2]. This gene, which was de-
veloped historically to allow this population to survive on
low caloric diets for long periods of time, with a modern
diet, has resulted in endothelial dysfunction [1]. As Indians
have moved from an agrarian to a Western industrialized
economy, these same genes have caused one of the highest
increase in diabetes and heart disease than any other pop-
ulation in the world [1,4,5]. The difference in the blood
flow response between the 2 groups may be linked to either
a genetic difference in endothelial function or, to the effect
of modern diet on Indian subjects in the United States vs.
Caucasians. On an Indian Americanized diet, it is possible
that these subjects have enhanced oxidative stress in their
diet that has reduced their vascular endothelial function.
Even a single high fat meal can reduce endothelial func-
tion and the response to anoxia [2,34,35]. The mechanism
of this response has been linked to increased production
of free radicals from a higher fat diet than the thrifty gene
normally allows Asians to consume. Increased free radical
production then causes the bio-conversion of nitric oxide
in vascular endothelial cells to peroxynitrite, reduces the
vascular endothelial response to a stress such as anoxia [2].

But other factors may be involved. The Indian cohort stud-
ied in these experiments was all medical professionals. Due
to industrialization, another factor in this population, due
to dark skin, is severe depression of vitamin D [4,5,36,37].
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Physical therapists, due to indoor work, have the lowest vi-
tamin D levels in their blood of all Indians studied in a re-
cent publication[36]. Low Vitamin D seems to be related
to poor vascular endothelial function in response to occlu-
sion[4]. This population may be atypical of other Indian
Cohorts, although most people in India, do have severely
depressed vitamin D [4]. Additional studies would need to
be conducted on other Indian cohorts in the United States
and in India to confirm if the depressed endothelial func-
tion seen here is common to other Indian populations.

When the skin was warmed during and after occlusion, for
the Caucasian subjects, skin blood flow was higher than that
seen in the Indian cohort, increasing to 700 flux and being
maintained at this high level after the occlusion was over.
This is presumably due to the effect of local heating on the
skin plus the occlusion, a double stressor [38]. In the sub-
jects from India, however, the blood flow response during
heating and occlusion, while being less than that seen in the
Caucasians, was much greater than for occlusion in a ther-
mally neutral room. However, the response was still approx-
imately 1/3' lower than that seen for Caucasian subjects.

Apparently, by combining heat with occlusion, then, the vas-
cular response was closer in Indians to that of Caucasians.
However, another factor must also be considered when sus-
tained heat was applied without occlusion for the same peri-
od of 6 minutes. When examining skin temperature without
occlusion, the skin temperature response seen in Indian sub-
jects was 1.5°C higher than that in Caucasians. This greater
increase in the skin temperature in people from India asso-
ciated with same heat stress, 42°C, may be responsible for
part of the greater increase in the blood flow with occlusion
and heat together. Blood flow is proportional to the skin
temperature. Thus, the warmer skin with occlusion should
demand a greater blood flow response in the Indian cohort.
However, this may only partially explain the greater pro-
portional skin blood flow response to occlusion in heat. As
shown in Figures 3-6, comparing blood flow and skin tem-
perature in Indians vs. Caucasians, even with higher skin
temperatures, people from India had significantly less skin
blood flow in response to any thermode temperature ap-
plied to the skin than in the Caucasian cohort. If the blood
flow is compared in the 2 cohorts at the same skin tempera-
ture (since temperatures were higher in the Indian cohort),
the circulatory response was even less then shown in these
figures. When Indian subjects were exposed to a thermode
at 42°C, for example, skin temperature was 37°C at 120 sec-
onds after exposure to the 42°C thermode. The skin blood
flow was only 300 flux. Caucasians, even at the skin temp of
36.5°C, the highest temperature recorded in these experi-
ments after 6 minutes exposure to thermode at 42°C, had
a blood flow of over 700 flux. If skin was cooler, the Indian
cohort blood flow response would be even less. In this re-
spect, the results are comparable with the occlusion series.

Another possibility causing the difference between the
groups is related to the different distribution of males and
females in the 2 cohorts. The menstrual cycle does alter the
blood flow response to heat and occlusion [39,40]. There
were more women in one cohort than the other but since
the experiments were spread out randomly over an entire
menstrual cycle, this should only cause more variance in
the data but not alter the means.

Body fat distribution differences between the 2 races may
also alter the responses reported here. But the key factor is
the thickness of the subcutaneous fat in determining how
fast skin temperature rises to a heat load [10,21,41,42].
Here, the Indian population had less subcutaneous fat than
the Caucasians; as such their skin temperature should rise
less and not more to a heat load. The likely cause of the in-
crease in skin temperature in the Indians is the lower blood
flow, keeping the skin from losing heat.

The blood flow response to both occlusion and heat in this
young population was impaired. It is tempting to look at old-
er populations and populations with diabetes. Old age and
diabetes are associated with an increase production of free
radicals and increased endothelial dysfunction [3,6,19]. It
might be anticipated then that for older subjects from India
with diabetes, the blood flow response would be a small
fraction of that seen here. Lower blood flows in response
to occlusion and heat may make this population more sus-
ceptible to skin damage and burns. Certainly, recent stud-
ies show that burns and skin damage are major problems
in India [43]. But direct comparisons to Caucasian popula-
tions due to socio economic differences make causal relation-
ships difficult to establish. Further investigation is wanted.

CONCLUSIONS

Southeast Asian Indians display both a diminished blood
flow response of the skin to local heat and to 4 minutes of
vascular occlusion compared to Caucasians. Since these
groups were matched for age, height and weight, the dif-
ferences between these groups may be due to genetic differ-
ences in the endothelial cell metabolism through what has
been termed the “thrifty “ found in Asians and Southeast
Asians. This gene, believed to protect this population from
starvation, has been shown to cause endothelial dysfunction
even 2 hours after a high fat meal and may be responsible
for the reduced blood flow seen here.
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