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THERMOREGULATORY MANIPULATION
OF SYSTEMIC BLOOD PRESSURE

GOVERNMENT SUPPORT

[0001] This invention was made with government support
under Grant No. CBET1250659 awarded by the National
Science Foundation. The government has certain rights in
the invention.

BACKGROUND

[0002] Sleep is an important aspect of human health. In
recent times, scientists have studied various aspects of sleep
and found a variety of physiologic factors relating to sleep
that may affect a person’s health. For example, one such
factor is blood pressure. A dip in blood pressure during sleep
has been shown to improve cardiovascular health. In con-
trast, a blunted sleep-time decline in blood pressure (i.e., no
dip in blood pressure) has been shown to increase the risk of
cardiovascular disease. This risk is observed in both hyper-
tensive and normotensive persons and is sometimes referred
to as the “normotensive non-dipper paradox.” The broad
health consequences of a blunted sleep-time drop in blood
pressure are enormous, correlating strongly with many
manifestations of cardiovascular disease, including angina
pectoris, myocardial infarction, cardiac arrest, sudden car-
diac death, left ventricular hypertrophy, congestive heart
failure, ischemic and hemorrhagic stroke, end stage renal
failure, and diabetes.

[0003] Both sleep and body core temperature occur in
coordinated circadian cycles, with core body temperature
regulation playing a leading role in sleep induction and
maintenance. For example, throughout the day a typical
person will experience a relatively high body core tempera-
ture which peaks in the evening. As the body core tempera-
ture begins to drop, sleep onset occurs. The body core
temperature continues to drop through the night. Prior to
awakening in the moring, the process reverses and tem-
peratures begin to rise, facilitating the completion of sleep.
Much of the heat transfer that causes body core temperature
changes occurs through glabrous skin, which in humans is
skin that is naturally hairless, such as the skin found on the
ventral portion of the fingers and toes, palmar surfaces of the
hands, soles of feet, and other areas.

[0004] Some people do not experience a natural blood
pressure dip during sleep, and consequently miss out on the
associated health benefits. Others expetience the dip incon-
sistently or to an extent that is not sufficient to provide health
benefits. Therefore, a need exists for a system and/or method
of proactively inducing a significant drop in blood pressure
during sleep. A need further exists for inducing a blood
pressure drop in a manner that promotes quality sleep—for
example, by inducing the drop in conjunction with the sleep
period of the circadian cycle. A system/method that meets
these needs is described herein.

[0005] Other systems, methods, features and/or advan-
tages will be or may become apparent to one with skill in the
art upon examination of the following drawings and detailed
description. It is intended that all such additional systems,
methods, features and/or advantages be included within this
description and be protected by the accompanying claims.

BRIEF SUMMARY

[0006] According to various implementations, a system
for modifying a person’s blood pressure includes a stimu-
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lating device to provide stimulation to at least a portion of
the person’s body. The stimulation increases or maintains
blood flow in the person’s glabrous tissue. In some imple-
mentations, the system further includes a blood pressure
monitor to monitor a blood pressure of the person, and the
stimulating device provides the stimulation in response to
the person’s blood pressure being above a predetermined
threshold.

[0007] In some implementations, the portion of the per-
son’s body to which the stimulation is provided corresponds
to the person’s peripheral thermoregulatory control tissue
(e.g., a cervical spinal region of the person or a lumbar spinal
region of the person).

[0008] In some implementations, the stimulating device
provides heating to the person’s body such that the person’s
arteriovenous anastomoses (AVAs) are vasodilated. For
example, in some implementations, the heating is applied to
the persons’ peripheral thermoregulatory control tissue.
However, in some implementations, the stimulating device
provides cooling to the person’s body such that the person’s
physiological temperature remains constant or is lowered.
[0009] In some implementations, the stimulation includes
warming suflicient to lower the blood pressure of the user.
[0010] In some implementations, the stimulating device
modulates stimulation levels based on feedback from the
blood pressure monitor.

[0011] In some implementations, the stimulating device is
a climate-controlled bed. In some implementations, the
climate-controlled bed comprises at least one climate zone.
In addition, the climate-controlled bed may also include a
thermoelectric device that transfers thermal energy between
the thermoelectric device and the climate zone of the cli-
mate-controlled bed. In some implementations, the thermo-
electric device includes an energy source, one or more
conduits, and a fluid flowing through the conduits to transfer
thermal energy between the energy source and the climate
zone of the climate-controlled bed. For example, one or
more conduits include at least one warming duct and at least
one cooling duct, and the climate zones include a warming
zone and a cooling zone. The warming duct delivers warm
air to the warming zone, and the cooling duct delivers cool
air to the cooling zone.

[0012] In some implementations, the climate-controlled
bed includes a thermoelectric sourced cooler and at least one
conduit between the thermoelectric sourced cooler and the
climate zone. Fluid flowing through the conduit transfers a
cooling effect to the climate zone from the thermoelectric
sourced cooler.

[0013] In some implementations, the climate-controlled
bed includes an electric sourced heater and at least one
conduit between the electric sourced heater and the climate
zone. Fluid flowing through the conduit transfers heat to the
climate zone from the electric sourced heater.

[0014] In some implementations, the stimulating device
provides the stimulation corresponding to the onset of sleep.
[0015] Various other implementations include a method
for modifying a person’s blood pressure. The method
includes: (1) determining a first blood pressure of the
person; and (2) applying a warming stimulus to a portion of
the person’s body sufficient to lower the person’s blood
pressure.

[0016] In some implementations, the warming stimulus
causes the person’s arteriovenous anastomoses (AVAs) to
vasodilate.



US 2018/0338857 Al

[0017] In some implementations, the portion of the per-
son’s body corresponds to the person’s peripheral thermo-
regulatory control tissue (e.g., a cervical spinal region of the
person or a lumbar spinal region of the person).

[0018] In some implementations, the method further com-
prises determining a second blood pressure of the person and
adjusting the warming stimulus based on the second blood
pressure determination. The application of the warming
stimulus corresponds to the onset of sleep, in some imple-
mentations.

[0019] In some implementations, the method further
includes applying a cooling stimulus to the person’s body
such that the person’s physiological temperature remains
constant or is lowered.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The following detailed description will be better
understood when read in conjunction with the appended
drawings, in which there is shown one or more of the
multiple embodiments of the present invention. It should be
understood, however, that the various embodiments of the
present invention are not limited to the precise arrangements
and instrumentalities shown in the drawings.

[0021] FIG. 1 is an example embodiment of a climate-
controlled bed having multiple climate zones.

[0022] FIG. 2 is an example embodiment of a sleeper in a
sleeping position.

[0023] FIG. 3 is an example embodiment of a control
system.
[0024] FIG. 4 is an example embodiment of a thermoelec-

tric energy source providing cooling and/or warming air.
[0025] FIG. 5 is a pair of graphs showing data reflecting
fingertip perfusion and mean arterial pressure over time in a
subject.

[0026] FIG. 6 is a pair of graphs showing data reflecting
fingertip perfusion and mean arterial pressure over time in a
subject.

[0027] FIG. 7 is a pair of graphs showing data reflecting
fingertip perfusion and mean arterial pressure over time in a
subject.

[0028] FIG. 8 is a pair of graphs showing data reflecting
fingertip perfusion and mean arterial pressure over time in a
subject.

[0029] FIG. 9A is an instrumentation diagram for an
exemplary study according to one implementation.

[0030] FIG. 9B is a graph showing the effect of change in
skin perfusion on systemic blood pressure of ten subjects.

DETAILED DESCRIPTION

[0031] Modulation of blood flow to arteriovenous anasto-
moses (“AVAs”) in glabrous skin of the hands and feet—
commonly referred to as “distal blood flow”—plays a major
role in modulating blood pressure. The AVAs in glabrous
skin function as the primary heat transfer portals between
the body core and the environment. Vasodilated AVAs can
have diameters ten or more times greater than do the parallel
capillaries, acting as flow shunts in the vascular network. As
a consequence, when the AVAs are vasodilated the heart will
be pumping against a lower resistance and will require less
pumping pressure to maintain blood flow. Since the AVAs
vasodilate in conjunction with the circadian sleep pattern,
the blood pressure undergoes a dip that is associated with
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increased cardiovascular health. Similarly, when the AVAs
vasoconstrict, blood pressure rises.

[0032] In order to accomplish increased glabrous skin
blood flow and an accompanying drop in blood pressure,
selective thermal stimulation is utilized. For example, the
selective thermal stimulation may be applied to the periph-
eral thermoregulatory control tissue, i.e. control tissue
peripheral to the preoptic anterior hypothalamus thermo-
regulatory control center in the brain. The peripheral ther-
moregulatory control tissue can include, for example, the
cervical spinal region and/or lumbar spinal region of a
person.

[0033] A system and/or method for proactively inducing a
significant drop in blood pressure during sleep is provided
herein. The system includes a stimulating device that pro-
vides stimulation to at least a portion of the person’s body.
For example, the stimulating device may stimulate a portion
of the person’s body corresponding to the person’s periph-
eral thermoregulatory control tissue. The stimulation
increases or maintains blood flow in the person’s glabrous
tissue. Additionally, the stimulating device provides stimu-
lation in response to the person’s blood pressure being above
a predetermined threshold. A blood pressure monitor may be
used to record the blood pressure, although it may not be not
necessary to achieve the desired physiological outcome.

[0034] FIG. 1 shows an example embodiment of a cli-
mate-controlled bed. Bed 100 is shown as having a plurality
of climate zones. For example, side climate zones 110 are
located along the sides of bed 100. Foot climate zone 120 is
located toward the foot end of bed 100. Central climate zone
130 is located in the center of bed 100. Finally, upper climate
zone 140 is located near the head of the bed. In one example
embodiment, side climate zones 110, foot climate zone 120,
and upper climate zone 140 are used as warming zones. In
this example embodiment, central climate zone 130 may be
used as a warming or cooling zone depending on the
sleeper’s temperature and blood flow. In some embodiments,
upper climate zone 140 is provided in the form of a pillow.
A pillow may be useful in warming the cervical spinal area
of a person because a pillow conforms to the head and neck
better than the surface of a bed. Additionally, upper climate
zone 140 may extend down to at least the person’s lumbar
spinal region.

[0035] Inanexample embodiment, a zone may be warmed
or cooled via a thermoelectric energy source to provide
warming or cooling to these zones. Warming or cooling may
be provided in any number of ways, including for example
via air flow, other types of fluid flow, or electrical resistance.
The thermoelectric energy source may be used to simulta-
neously provide warming and cooling capacity to different
zones. Alternatively, a plurality of thermoelectric energy
sources may be implemented in order to have a dedicated
energy source for warming and cooling, respectively.

[0036] Monitoring the user may be done in a variety of
ways. FIG. 2 shows an example embodiment of a user 210
in a sleeping position. The user is depicted as being fully
clothed, but of course user 210 is likely to be dressed in
appropriate sleep attire. In an example embodiment, user
210 is wearing a first sensor 220. First sensor 220 is shown
as being attached to the arm of user 210, however the sensor
may be placed in any other suitable location. Sensor 220
may measure a variety of physiological properties, including
for example temperature, heart rate, blood pressure, and/or
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motion. Sensor 220 may be incorporated into a device such
as a wrist band, forearm band, or the like.

[0037] FIG. 2 discloses additional sensors as well. For
example, a second sensor 230 is shown attached to the user
near the ankle. Second sensor 230 may be placed on the calf
or ankle such that it contacts non-glabrous skin and provides
a temperature measurement for that type of skin. An addi-
tional sensor may be located on glabrous skin in order to
provide a temperature comparison between the user’s gla-
brous and non-glabrous skin, which may be interpreted as an
indication of the level of blood flow to glabrous skin and of
the status of the thermoregulatory function, especially in
relation to the circadian cycle. For example, third sensor 240
may be placed on the hands or feet to measure the tempera-
ture of the glabrous skin at those locations. Additionally, a
finger clip pulse oximeter may be incorporated into, for
example, third sensor 240 for use on the user’s finger and
may be in conjunction with several electrical sensors on the
chest skin surface. Additional sensors may be incorporated
at other locations of the user’s body. The various sensors
may be used to determine at least temperature, mean arterial
pressure, and glabrous blood flow.

[0038] The various sensors described above can be con-
nected directly or wirelessly to a control system. FIG. 3
discloses control system 300, which can include controller
350 and thermoelectric controller 360. In an example
embodiment, control system 300 is responsible for receiving
inputs from all available sensors, determining which zones
to heat/cool, and instructing the thermoelectric energy
source to perform particular heating and/or cooling actions.
In the example embodiment of FIG. 3, controller 350
receives power inputs 310, temperature inputs 320, and
non-temperature physiological inputs 330. Power inputs 310
may include, for example, a connector that plugs into a
power outlet near the bed. Temperature inputs 320 include
any temperature sensors on glabrous and/or non-glabrous
skin of the user. Non-temperature physiological inputs 330
may include measurements of heart rate, blood pressure,
oxygen levels, and so on. Other physiological inputs may be
incorporated into the design as well. The particular number
of input ports shown in FIG. 3 is not intended to be
limiting—any number of sensors may be used.

[0039] Inanexample embodiment, controller 350 receives
various inputs and determines, via a logic processor 340,
how to heat and/or cool various zones of bed 100. For
example, logic processor 340 may be capable of determining
sleep onset based on information gathered from the user
using predetermined sleep factors. Predetermined sleep fac-
tors include any factor relevant to the user’s sleep. Examples
include the circadian cycle of temperature variation, the time
of day or night, the user’s temperature on glabrous or
non-glabrous skin sites, the user’s heart rate, blood pressure,
or blood oxygen levels, and so on. Logic processor 340 can
be equipped with data regarding the natural circadian cycle
of temperature variation. Using that data and comparing it to
the data measured from the user, logic processor 340 can
determine the appropriate method of facilitating sleep for the
user. In other embodiments, logic processor 340 monitors
blood pressure and determines whether the user’s blood
pressure should be modified.

[0040] For example, if the blood pressure is above a
particular threshold, logic processor 340 may determine that
amodification in blood pressure is needed. After making that
determination, logic processor 340 causes controller 350 to
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communicate instructions to thermoelectric controller 360
via an electrical interface 370. Thermoelectric controller 360
is capable of relaying instructions to a thermoelectric device
itself, which includes the thermoelectric energy source and
provides heating and/or cooling as desired. For example,
thermoelectric controller 360 may provide warming to the
user’s peripheral thermoregulatory control tissue, causing
the user’s AVAs to vasodilate as well as a corresponding dip
in blood pressure. The controller 350 may also be equipped
with a data logging or recording function to retain informa-
tion about a sleeper during sleep and may be recovered at a
later time for analysis. After providing the prescribed heat-
ing or cooling, logic process 340 can receive updated
information from the various sensors to determine whether
the goal (e.g., lowering blood pressure below a certain
threshold) was accomplished. Based on this determination,
the logic processor 340 can decide whether to continue
heating, cease heating, increase heating, and so on.

[0041] FIG. 4 discloses a thermoelectric device 400 for
use in the example embodiments described above, as well as
other embodiments. Thermoelectric device 400 is capable of
providing warming and/or cooling capacity to different areas
of the bed. In an example embodiment, thermoelectric
device 400 includes an energy source 410. Energy source
410 may use, for example, electrical energy in order to heat
or cool a fluid. While FIG. 4 shows energy source 410 as a
single device that provides both heating and cooling ser-
vices, it may alternatively comprise two separate devices
that are responsible for heating and cooling, respectively. In
one embodiment, energy source 410 uses heat created by
cooling a fluid in conjunction with the cooled fluid to
simultaneously warm and cool different locations of the bed.
In another implementation, the energy source 410 may be an
electric heater that provides thermal energy to a fluid for
heating a climate zone. And, in other implementations, the
energy source 410 may be a thermoelectric sourced cooler,
such as but not limited to the LENX TEC2, for cooling the
climate zone. In some implementations, the energy source
410 uses the Peltier effect to achieve cooling.

[0042] In an example embodiment, energy source 410 can
be operatively connected to conduits that carry heated or
cooled fluid to various areas of the bed. In the embodiment
of FIG. 4, a cold-side air duct 420 and a warm-side air duct
430 is depicted. The cold-side air duct 420 is attached to
energy source 410 such that a cooling air flow 440 is directed
through cold-side air duct 420. Cooling air flow 440 may be
directed to multiple different zones of the bed depending on
the needs of the user. The warm-side air duct 430 is attached
to energy source 410 such that a warming air flow 450 is
directed through warm-side air duct 430. Warming air flow
450 may be directed to multiple different zones of the bed
depending on the needs of the user. Cooling air flow 440 and
warming air flow 450 may be sent to different areas of the
bed simultaneously.

[0043] Although FIG. 4 is discussed in terms of warming
and cooling air flow, other types of fluid can be substituted
for air. For example, in one embodiment warming water is
provided at about 40-45 degrees Celsius, while cooling
water is provided at about 20 degree Celsius. The flow rate,
contact surface area, and bodily contact location may vary
the temperature of the fluid used.

[0044] FIG. 5 is a pair of graphs showing data reflecting
fingertip perfusion and mean arterial pressure over time in a
subject. The x-axis in each graph is time, shown as a fraction
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of a 24-hour day. In each graph the first 18 minutes (or
0.0-0.0125) represent a baseline condition of the person
being measured. That is, no external heating or cooling was
applied to the person during this period of time. In FIG. 5,
heating was applied to the person’s thermoregulatory control
tissue starting at about the 0.0125 mark and tapering off
between 0.05 and 0.07. In response to the heat applied to the
thermoregulatory control tissue, the person’s glabrous blood
flow (measured as fingertip perfusion) visibly increased and
remained elevated until the heat was removed and the person
returned to a more natural baseline state (after 0.07). In
conjunction with the rising glabrous blood flow, the person’s
blood pressure (measured as mean arterial pressure) visibly
dropped from the baseline state. Notably, the person’s blood
pressure remained lower than the baseline state even after
their glabrous blood flow rate returned to the baseline levels.
[0045] FIG. 6 is a pair of graphs with similar measure-
ments as those in FIG. 5. Again, the first 18 minutes
(0.0-0.0125) represent a baseline during which no heating or
cooling was applied to the person. The person tested in FIG.
6 shows a fluctuating, but generally high, glabrous blood
flow rate in their baseline state. They also show a relatively
low blood pressure baseline. Cooling was applied after the
0.0125 mark, dropping the person’s glabrous blood flow rate
quickly down to almost zero. This drop in blood flow
corresponds with a corresponding rise in blood pressure over
time. When the cooling was removed at around the 0.045
mark, the person’s glabrous blood flow rate began to fluc-
tuate without rising much. Additional cooling at about the
0.0625 mark lowered the glabrous blood flow rate again.
During these portions of the test, the person’s blood pressure
remained high, correlating clearly with the glabrous blood
flow rate.

[0046] FIG. 7 is a pair of graphs with similar measure-
ments as those in FIGS. 5 and 6. During the baseline period,
the person’s glabrous blood flow fluctuated in a middle-
upper range. This flow rate corresponds with a baseline
blood pressure around 84. After the 18 minute mark, cooling
was applied to the person’s thermoregulatory control tissue,
causing the glabrous blood flow rate to drop and causing a
corresponding rise in blood pressure. At the 0.03 mark, the
thermoregulatory control tissue was warmed. The warming
greatly increased the glabrous blood flow, even beyond the
baseline condition. This rise corresponds to a substantial
drop in blood pressure over that same period of time.
[0047] FIG. 8 is a pair of graphs with similar measure-
ments as those in FIGS. 5-7. After establishing a baseline,
heating was applied at the 0.0125 mark. The heating raised
the person’s glabrous blood flow rate and caused a blood
pressure drop. Subsequent cooling reduced the glabrous
blood flow rate below that of the baseline and cased a rise
in blood pressure, also beyond the baseline level.

[0048] Another exemplary study included ten healthy
male subjects. The subjects were of the average age (+/-SD)
of 21.1 (2.3), with a height of 174.5 (7.1) cm and an average
weight of 77.0 (13.7) kg.

[0049] The study had a randomized crossover design.
Each subject was randomly assigned to one of the two
protocols on the first day of the experiment and underwent
a second experiment, at least one week later, following the
second protocol. Upon arrival, the subject spent the first
thirty minutes passively acclimating to the room tempera-
ture. The next thirty minutes were spent instrumenting,
during which time the subject donned a water-perfused suit
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(e.g., MED-ENG) over athletic shorts and a t-shirt. Each
subject was then placed in the supine position. A two-hour
experimental period included a thirty minute baseline
period, thirty minutes of intervention 1, another 30 minute
baseline period, and 30 minutes of intervention 2. The
temperature of the water circulating through the suit was
33.5° C. during baseline, either 42.5° C. (H1) or 24.5° C.
(C1) during intervention 1, 33.5° C. for the second baseline,
and either 24.5° C. (C2) or 42.5° (H2), respectively, during
intervention 2. The temperatures were chosen to induce
vasoconstriction and vasodilation without triggering shiver-
ing or sweating. Each subject ran two trials in which the
order of heating and cooling were inverted randomly.
[0050] Core temperature was monitored with a thermo-
couple placed sublingually and stabilized by taping to the
chin or cheek. Subjects were instructed not to expose the
thermocouple to air. Surface instrumentation was applied in
accordance with FIG. 9A. Multiple bead thermocouples and
two heat flux gauges (e.g., from Concept Engineering) were
used to monitor mean skin temperature and heat flux in both
glabrous and nonglabrous regions, respectively. Laser Dop-
pler flowmetry (LDF) probes (e.g., from Moor Instruments)
were used to measure skin blood perfusion. LDF probes
were applied to both glabrous and nonglabrous regions to
investigate the differential effect of mean skin temperature
manipulation on perfusion in AVA (glabrous region) and a
capillary system (nonglabrous region). Blood pressure was
measured using a blood pressure estimation device that
estimates blood pressure based on measuring the pulse
transit time and converting it to blood pressure values via a
one point calibration (e.g., using a SOMNOtouch device
from SOMNOmedics).

[0051] Data collected by the blood pressure estimation
device was analyzed in MATLAB (version R2015a, Math-
Works Inc.). The blood pressure and perfusion data were
averaged for each baseline and intervention period, and the
percent change from baseline was calculated using those
means.

[0052] FIG. 9B shows the experimental data fitted expo-
nentially to the following equation (R=0.7945):

SBP=ae"+ce®™

wherein SBP is the percent change in systolic blood pres-
sure, x is the percent change in fingertip perfusion, a is
-0.8621, bis 0.006539, ¢ is 0.4739, and d is -0.03565. FIG.
9B illustrates the effect of change in skin perfusion on the
systemic blood pressure. The H1 and H2 data points repre-
sent the data from the first and second heating protocols,
respectively, and the C1 and C2 data points represent the
data from the first and second cooling protocols.

[0053] As shown in FIG. 9B, there is no significant
difference regarding the order of intervention (p=0.51) or the
percent changes in systolic and diastolic blood pressure
(p=0.34). However, there is a significant difference between
the 2 temperature groups (p=1x10"%).

[0054] Vasoconstriction and vasodilation were achieved in
the absence of the discomfort of sweating and shivering. A
relationship was developed between glabrous skin blood
flow and both systolic and diastolic blood pressure. This
coupling between the state of vasoconstriction and blood
pressure is presumably related to alterations in peripheral
vascular resistance.

[0055] FIGS. 5-9B provide real data supporting the cor-
relation between increased glabrous blood flow and
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decreased blood pressure, as well as between decreased
glabrous blood flow and increased blood pressure. These
figures also show the rapid and direct effects of heating and
cooling the peripheral thermoregulatory control tissue on
glabrous blood flow.

[0056] While specific embodiments have been described
in detail in the foregoing detailed description and illustrated
in the accompanying drawings. it will be appreciated by
those skilled in the art that various modifications and alter-
natives to those details could be developed in light of the
overall teachings of the disclosure and the broad inventive
concepts thereof. It is understood, therefore, that the scope
of the present disclosure is not limited to the particular
examples and implementations disclosed herein, but is
intended to cover modifications within the spirit and scope
thereof as defined by the appended claims and any and all
equivalents thereof.

What is claimed is:

1. A system for modifying a person’s blood pressure,
comprising a stimulating device to provide stimulation to at
least a portion of the person’s body, wherein said stimulation
increases or maintains blood flow in the person’s glabrous
tissue.

2. The system of claim 1, further comprising a blood
pressure monitor to monitor a blood pressure of the person,
wherein the stimulating device provides said stimulation in
response to the person’s blood pressure being above a
predetermined threshold.

3. The system of claim 1, wherein the portion of the
person’s body corresponds to the person’s peripheral ther-
moregulatory control tissue.

4. The system of claim 3, wherein the person’s peripheral
thermoregulatory control tissue comprises a cervical spinal
region of the person.

5. The system of claim 3, wherein the person’s peripheral
thermoregulatory control tissue comprises a lumbar spinal
region of the person.

6. The system of claim 1, wherein the stimulating device
provides heating to the person’s body such that the person’s
arteriovenous anastomoses (AVAs) are vasodilated.

7. The system of claim 6, wherein the heating is applied
to the persons’ peripheral thermoregulatory control tissue.

8. The system of claim 1, wherein the stimulating device
provides cooling to the person’s body such that the person’s
physiological temperature remains constant or is lowered.

9. The system of claim 1, wherein the stimulation com-
prises warming suflicient to lower the blood pressure of the
user.

10. The system of claim 1, wherein the stimulating device
modulates stimulation levels based on feedback from the
blood pressure monitor.

11. The system of claim 1, wherein said stimulating
device is a climate-controlled bed.

12. The system of claim 11, wherein the climate-con-
trolled bed comprises at least one climate zone.

13. The system of claim 12, wherein the climate-con-
trolled bed includes a thermoelectric device, the thermoelec-
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tric device transferring thermal energy between the thermo-
electric device and the climate zone of the climate-
controlled bed.

14. The system of claim 13, wherein the thermoelectric
device comprises an energy source, one or more conduits,
and a fluid flowing through the conduits to transfer thermal
energy between the energy source and the climate zone of
the climate-controlled bed.

15. The system of claim 14, wherein the one or more
conduits include at least one warming duct and at least one
cooling duct, and the climate zones comprise a warming
zone and a cooling zone, wherein the warming duct delivers
warm air to the warming zone, and the cooling duct delivers
cool air to the cooling zone.

16. The system of claim 12, wherein the climate-con-
trolled bed includes an electric sourced heater and at least
one conduit between the electric sourced heater and the
climate zone, wherein fluid flowing through the conduit
transfers heat to the climate zone from the electric sourced
heater.

17. The system of claim 12, wherein the climate-con-
trolled bed includes a thermoelectric sourced cooler and at
least one conduit between the thermoelectric sourced cooler
and the climate zone, wherein fluid flowing through the
conduit transfers a cooling effect to the climate zone from
the thermoelectric sourced cooler.

18. The system of claim 1, wherein the stimulating device
provides said stimulation corresponding to the onset of
sleep.

19. A method for modifying a person’s blood pressure,
comprising:

determining a first blood pressure of the person; and

applying a warming stimulus to a portion of the person’s

body sufficient to lower the person’s blood pressure.

20. The method of claim 19, wherein said warming
stimulus causes the person’s arteriovenous anastomoses
(AVAs) to vasodilate.

21. The method of claim 19, wherein the portion of the
person’s body corresponds to the person’s peripheral ther-
moregulatory control tissue.

22. The method of claim 19, wherein the person’s periph-
eral thermoregulatory control tissue comprises a cervical
spinal region of the person.

23. The method of claim 19, wherein the person’s periph-
eral thermoregulatory control tissue comprises a lumbar
spinal region of the person.

24. The method of claim 19, further comprising applying
a cooling stimulus to the person’s body such that the
person’s physiological temperature remains constant or is
lowered.

25. The method of claim 19, further comprising deter-
mining a second blood pressure of the person and adjusting
the warming stimulus based on the second blood pressure
determination.

26. The method of claim 19, wherein applying the warm-
ing stimulus corresponds to the onset of sleep.
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