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METHOD AND SYSTEM FOR
NON-INVASIVE MEASUREMENT OF
METABOLIC HEALTH

TECHNICAL FIELD

[0001] Embodiments are generally related to the field of
medical devices. Embodiments are further related to the field
of nuclear magnetic resonance (NMR). Embodiments are
also related to methods, systems, and devices for measuring
relaxometry signals. Embodiments are related to methods,
systems, and devices for measuring metabolic health.
Embodiments are further related to methods, systems, and
devices further comprising a compact device optimized for
non-invasively measuring NMR relaxometry signals from
the distal segment of the human index finger.

BACKGROUND

[0002] Diabetes is a leading cause of disease, disability,
and death in modern societies. In the U.S., approximately
10% of the population or 30 million people have diabetes.
Worldwide, the prevalence is approximately 400 million,
and is projected to increase to 600 million by 2035. In
addition to the heavy health burden of diabetes and its
complications, the financial costs are enormous: $245 billion
per year in the U.S. and $1.3 trillion per year worldwide.

[0003] Type 2 is the major form of diabetes, accounting
for more than 90% of all cases. Type 2 diabetes does not
have a sudden onset, but develops insidiously over many
years or even decades. The earliest stage consists of insulin
resistance, often accompanied by lipid abnormalities and a
pro-inflammatory, pro-coagulation state. Insulin resistance
is associated with obesity, which causes adipose tissue
inflammation. A healthy pancreas attempts to compensate
for insulin resistance by secreting more insulin into the
blood. This compensatory response keeps blood glucose
levels in the normal range (<100 mg/dL). Thus, early insulin
resistance is not detected by fasting glucose levels, the
primary diabetes screening test used in medical clinics.

[0004] Over time, the heavy secretory demand caused by
insulin resistance damages the insulin-secreting beta cells of
the pancreas. Once insulin secretory capacity diminishes by
30-50%, the pancreas can no longer keep up, and fasting
blood glucose levels become elevated. This stage is known
as prediabetes, defined by fasting glucose levels of 100-124
mg/dL or hemoglobin A1C levels of 5.7-6.4%. In addition,
elevated fasting glucose is one of five clinical criteria for
metabolic syndrome, a condition that reflects poor metabolic
health. Individuals with metabolic syndrome have a five-
fold increased risk for type 2 diabetes and a 2-3-fold
increased risk for atherosclerotic cardiovascular disease.
Like prediabetes, the clinical criteria for metabolic syn-
drome fail to detect early-stage insulin resistance, where
damage to the pancreas begins.

[0005] There are blood tests that, in principle, could be
used to detect early-stage insulin resistance and its associ-
ated metabolic abnormalities. Examples include fasting
insulin, lipid profiles, C-reactive protein, and others. How-
ever, the collection of multiple blood tests or blood panels is
too expensive for routine screening of metabolic health.
Health insurance companies do not cover the cost of meta-
bolic panels for asymptomatic individuals with normal fast-
ing glucose levels.
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[0006] To overcome this barrier, a blood test has been
developed that assesses metabolic health. PCT Application
PCT/US2016/016906, filed Feb. 2, 2016, titled “Methods
and tools for diagnosing insulin resistance and assessing
health status using NMR relaxation times for water”
describes a means for developing an inexpensive blood test
for frontline health screening and monitoring. The test can
be used for the diagnosis of insulin resistance syndrome, an
early metabolic abnormality that leads to type 2 diabetes.
The test analyzes the spin relaxation times (T, and/or T, or
surrogates of T, and/or T,) of water in plasma, serum, or
whole blood using nuclear magnetic resonance (NMR). The
blood samples however, must be obtained using a conven-
tional needle stick or finger prick. PCT Application PCT/
US2016/016906 is incorporated herein by reference in its
entirety.

[0007] Nuclear Magnetic Resonance (NMR) techniques
are used for various medical and analytical purposes. The
term “NMR” can refer to a variety of diagnostic methods.
There are many types of NMR methods and instruments and
thousands of distinct NMR experiments have been con-
ducted.

[0008] The three main categories are NMR spectroscopy,
NMR imaging (currently known as magnetic resonance
imaging or MRI), and NMR relaxometry. Spectroscopy
generates molecular signatures of an atomic resolution, and
imaging generates anatomical images with spatial resolu-
tion. These two categories of NMR usually require high-
field or large bore magnets and complex, expensive instru-
mentation. Although based on the same fundamental
physics, NMR relaxometry involves different instrumenta-
tion, methods, and derived measurables, compared with
spectroscopy and imaging. Thus, different kinds of NMR are
used in somewhat related but distinct areas of medical
diagnosis, imaging, and treatment.

[0009] Another NMR relaxometry-based blood test is
described in U.S. application Ser. No. 13/839,420, filed Mar.
15, 2013, titled “NMR method for monitoring changes in the
core of lipoprotein particles in metabolism and disease.”
Unlike the PCT application referenced above, this applica-
tion describes a method for directly measuring the properties
of protein and lipoprotein elements in a sample, typically
blood, rather than measuring water. The method includes the
placing of a small volume of a blood sample into an NMR
instrument tuned to measure a particular nucleus, applying
a series of radiofrequency pulses with intermittent delays in
order to measure spin-spin and/or spin-lattice relaxation
time constants. While this represents an advance in NMR
relaxometry-based blood testing, it also requires collection
of a blood sample via a standard blood draw or needle stick.
U.S. application Ser. No. 13/839,420 is incorporated herein
by reference in its entirety.

[0010] In general, NMR imaging and spectroscopy meth-
ods are too expensive and too cumbersome to be carried out
in outpatient point-of-care settings, such as a primary care
practitioner’s office. Moreover, current NMR relaxometry
methods require blood samples by venipuncture or finger
prick.

[0011] Further, when a particular test is difficult to carry
out, must be carried out off-site, will take significant time to
complete, or any combination thereof, the use of that test
tends to be less frequent than tests that can be carried out
quickly and easily at a location (e.g., a physician’s office,
small clinic, or hospital) where patients are typically located.
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[0012] Accordingly, there is an unmet need for testing
methods that can be used to identify metabolic health and
help identify patients at risk for diabetes. By extension, a
need exists for faster, simpler, and less expensive means for
identifying and measuring characteristics that correlate to
metabolic health.

BRIEF SUMMARY

[0013] The following summary is provided to facilitate an
understanding of some of the innovative features unique to
the embodiments disclosed and is not intended to be a full
description. A full appreciation of the various aspects of the
embodiments can be gained by taking the entire specifica-
tion, claims, drawings. and abstract as a whole.

[0014] Itis, therefore, one aspect of the disclosed embodi-
ments to provide a method, system, and apparatus for
measuring metabolic health.

[0015] Itis another aspect of the disclosed embodiments to
provide a method and system for a nuclear magnetic reso-
nance (NMR) based device for measuring metabolic health.
[0016] Itis another aspect of the disclosed embodiments to
measure relaxometry signals using an NMR based device.
[0017] Itis another aspect of the disclosed embodiments to
provide medical methods, systems, and apparatuses, com-
prising a compact device optimized for non-invasively mea-
suring NMR relaxometry signals from a segment of a human
finger.

[0018] The aforementioned aspects and embodiments can
be achieved as described herein. In an embodiment, a
medical testing system and method can comprise a housing,
at least one magnet assembly configured around a probe
configured to accept a human finger, formed in the housing
wherein the at least one magnet assembly creates a perma-
nent magnetic field around the probe, an RF signal generator
configured to create a temporary magnetic field perpendicu-
lar to the permanent magnetic field in the housing, and an
NMR coil assembly wherein a change in the permanent
magnetic field induces a voltage in the NMR coil assembly.
[0019] The NMR coil assembly further comprises an
NMR coil surrounding the probe and a coil base configured
to hold the NMR coil.

[0020] The at least one magnet assembly further com-
prises a permanent magnet mounted in the housing exter-
nally to the probe. The permanent magnet further comprises
a rare earth magnet. The at least one magnet assembly
further comprises a yoke and a magnet pole shoe configured
to disperse the permanent magnetic field.

[0021] The embodiments can further comprise a heater
configured inside the housing wherein the heater maintains
a temperature inside the housing. A computer system can be
operably connected to the NMR device wherein the com-
puter system provides an output indicative of a testing result.

BRIEF DESCRIPTION OF THE FIGURES

[0022] The accompanying figures, in which like reference
numerals refer to identical or functionally-similar elements
throughout the separate views and which are incorporated in
and form a part of the specification, further illustrate the
embodiments and, together with the detailed description,
serve to explain the embodiments disclosed herein.

[0023] FIG. 1 depicts a block diagram of a computer
system which is implemented in accordance with the dis-
closed embodiments;
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[0024] FIG. 2 depicts a graphical representation of a
network of data-processing devices in which aspects of the
present embodiments may be implemented;

[0025] FIG. 3 depicts a computer software system for
directing the operation of the data-processing system
depicted in FIG. 1, in accordance with an example embodi-
ment;

[0026] FIG. 4 depicts an NMR device for measuring
metabolic health in accordance with the disclosed embodi-
ments;

[0027] FIG. 5 depicts an NMR device for measuring
metabolic health in accordance with the disclosed embodi-
ments;

[0028] FIG. 6 depicts a top view of an NMR device for
measuring metabolic health in accordance with disclosed
embodiments;

[0029] FIG. 7 depicts a sensor probe head assembly asso-
ciated with an NMR device for measuring metabolic health
in accordance with the disclosed embodiments;

[0030] FIG. 8 depicts a block diagram of a system for
measuring metabolic health in accordance with the disclosed
embodiments;

[0031] FIG. 9A depicts a chart illustrating output from an
NMR device for measuring metabolic health, in accordance
with the disclosed embodiments;

[0032] FIG. 9B depicts a chart illustrating output from an
NMR device for measuring metabolic health in accordance
with the disclosed embodiments; and

[0033] FIG. 10 depicts a flow chart of steps associated
with a method for measuring metabolic health in accordance
with the disclosed embodiments.

DETAILED DESCRIPTION

[0034] The particular values and configurations discussed
in the following non-limiting examples can be varied and are
cited merely to illustrate one or more embodiments and are
not intended to limit the scope thereof.

[0035] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which illustrative embodiments are shown. The
embodiments disclosed herein can be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the embodiments to
those skilled in the art. Like numbers refer to like elements
throughout.

[0036] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be
further understood that the terms “comprise” and/or “com-
prising,” when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0037] Throughout the specification and claims, terms
may have nuanced meanings suggested or implied in context
beyond an explicitly stated meaning. Likewise, the phrase
“in one embodiment™ as used herein does not necessarily
refer to the same embodiment and the phrase “in another
embodiment” as used herein does not necessarily refer to a
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different embodiment. It is intended, for example, that
claimed subject matter include combinations of example
embodiments in whole or in part.

[0038] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art. It will be further understood that terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0039] It is contemplated that any embodiment discussed
in this specification can be implemented with respect to any
method, kit, reagent, or composition of the invention, and
vice versa. Furthermore, compositions of the invention can
be used to achieve methods of the invention.

[0040] It will be understood that particular embodiments
described herein are shown by way of illustration and not as
limitations of the invention. The principal features of this
invention can be employed in various embodiments without
departing from the scope of the invention. Those skilled in
the art will recognize or be able to ascertain using no more
than routine experimentation, numerous equivalents to the
specific procedures described herein. Such equivalents are
considered to be within the scope of this invention and are
covered by the claims.

[0041] The use of the word “a” or “an” when used in
conjunction with the term “comprising” in the claims and/or
the specification may mean “one,” but it is also consistent
with the meaning of “one or more,” “at least one,” and “one
or more than one.” The use of the term “or” in the claims is
used to mean “and/or” unless explicitly indicated to refer to
alternatives only or the alternatives are mutually exclusive,
although the disclosure supports a definition that refers to
only alternatives and “and/or.” Throughout this application,
the term “about” is used to indicate that a value includes the
inherent variation of error for the device, the method being
employed to determine the value, or the variation that exists
among the study subjects.

[0042] As used in this specification and claim(s), the
words “comprising” (and any form of comprising, such as
“comprise” and “comprises”), “having” (and any form of
having, such as “have” and “has”), “including” (and any
form of including, such as “includes” and “include”) or
“containing” (and any form of containing, such as “con-
tains” and “contain”) are inclusive or open-ended and do not
exclude additional, unrecited elements, or method steps.
[0043] The term “or combinations thereof” as used herein
refers to all permutations and combinations of the listed
items preceding the term. For example, “A, B, C, or com-
binations thereof” is intended to include at least one of: A,
B, C, AB, AC, BC, or ABC, and if order is important in a
particular context, also BA, CA, CB, CBA, BCA, ACB,
BAC, or CAB. Continuing with this example, expressly
included are combinations that contain repeats of one or
more item or term, such as BB, AAA, AAB, BBC, AAAB-
CCCC, CBBAAA, CABABB, and so forth. The skilled
artisan will understand that typically there is no limit on the
number of items or terms in any combination, unless oth-
erwise apparent from the context.

[0044] All of the compositions and/or methods disclosed
and claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
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compositions and methods of this invention have been
described in terms of preferred embodiments, it will be
apparent to those skilled in the art that variations may be
applied to the compositions and/or methods and in the steps
or in the sequence of steps of the method described herein
without departing from the concept, spirit, and scope of the
invention. All such similar substitutes and modifications
apparent to those skilled in the art are deemed to be within
the spirit, scope, and concept of the invention as defined by
the appended claims.

[0045] FIGS. 1-3 are provided as exemplary diagrams of
data-processing environments in which embodiments of the
present invention may be implemented. It should be appre-
ciated that FIGS. 1-3 are only exemplary and are not
intended to assert or imply any limitation with regard to the
environments in which aspects or embodiments of the
disclosed embodiments may be implemented. Many modi-
fications to the depicted environments may be made without
departing from the spirit and scope of the disclosed embodi-
ments.

[0046] A block diagram of a computer system 100 that
executes programming for implementing parts of the meth-
ods and systems disclosed herein is shown in FIG. 1. A
computing device in the form of a computer 110 configured
to interface with controllers, peripheral devices, and other
elements disclosed herein may include one or more process-
ing units 102, memory 104, removable storage 112, and
non-removable storage 114. Memory 104 may include vola-
tile memory 106 and non-volatile memory 108. Computer
110 may include or have access to a computing environment
that includes a variety of transitory and non-transitory
computer-readable media such as volatile memory 106 and
non-volatile memory 108, removable storage 112 and non-
removable storage 114. Computer storage includes, for
example, random access memory (RAM), read only memory
(ROM), erasable programmable read-only memory
(EPROM) and electrically erasable programmable read-only
memory (EEPROM), flash memory or other memory tech-
nologies, compact disc read-only memory (CD ROM), Digi-
tal Versatile Disks (DVD) or other optical disk storage,
magnetic cassettes, magnetic tape, magnetic disk storage, or
other magnetic storage devices, or any other medium
capable of storing computer-readable instructions as well as
data including image data.

[0047] Computer 110 may include, or have access to, a
computing environment that includes input 116, output 118,
and a communication connection 120. The computer may
operate in a networked environment using a communication
connection 120 to connect to one or more remote computers,
remote sensors and/or controllers, detection devices, hand-
held devices, multi-function devices (MFDs), speakers,
mobile devices, tablet devices, mobile phones, Smartphone,
or other such devices. The remote computer may also
include a personal computer (PC), server, router, network
PC, RFID enabled device, a peer device or other common
network node, or the like. The communication connection
may include a Local Area Network (LAN), a Wide Area
Network (WAN), Bluetooth connection, or other networks.
This functionality is described more fully in the description
associated with FIG. 2 below.

[0048] Output 118 is most commonly provided as a com-
puter monitor, but may include any output device. Output
118 and/or input 116 may include a data collection apparatus
associated with computer system 100. In addition, input 116,
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which commonly includes a computer keyboard and/or
pointing device such as a computer mouse, computer track
pad, or the like, allows a user to select and instruct computer
system 100. A user interface can be provided using output
118 and input 116. Output 118 may function as a display for
displaying data and information for a user, and for interac-
tively displaying a graphical user interface (GUT) 130.

[0049] Note that the term “GUI” generally refers to a type
of environment that represents programs, files, options, and
so forth by means of graphically displayed icons, menus,
and dialog boxes on a computer monitor screen. A user can
interact with the GUI to select and activate such options by
directly touching the screen and/or pointing and clicking
with a user input device 116 such as, for example, a pointing
device such as a mouse, and/or with a keyboard. A particular
item can function in the same manner to the user in all
applications because the GUI provides standard software
routines (e.g., module 125) to handle these elements and
report the user’s actions. The GUI can further be used to
display the electronic service image frames as discussed
below.

[0050] Computer-readable instructions, for example, pro-
gram module or node 125, which can be representative of
other modules or nodes described herein, are stored on a
computer-readable medium and are executable by the pro-
cessing unit 102 of computer 110. Program module or node
125 may include a computer application. A hard drive,
CD-ROM, RAM, Flash Memory, and a USB drive are just
some examples of articles including a computer-readable
medium.

[0051] FIG. 2 depicts a graphical representation of a
network of data-processing systems 200 in which aspects of
the present invention may be implemented. Network data-
processing system 200 can be a network of computers or
other such devices, such as mobile phones, smartphones,
sensors, controllers, speakers, tactile devices, and the like, in
which embodiments of the present invention may be imple-
mented. Note that the system 200 can be implemented in the
context of a software module such as program module 125.
The system 200 includes a network 202 in communication
with one or more clients 210, 212, and 214. Network 202
may also be in communication with one or more devices
204, servers 206, and storage 208. Network 202 is a medium
that can be used to provide communications links between
various devices and computers connected together within a
networked data processing system such as coniputer system
100. Network 202 may include connections such as wired
communication links, wireless communication links of vari-
ous types, and fiber optic cables. Network 202 can commu-
nicate with one or more servers 206, one or more external
devices such as device 204, and a memory storage unit such
as, for example, memory or database 208. It should be
understood that device 204 may be embodied as a NMR
device as disclosed herein.

[0052] In the depicted example, device 204, server 206,
and clients 210, 212, and 214 connect to network 202 along
with storage unit 208. Clients 210, 212, and 214 may be, for
example, personal computers or network computers, hand-
held devices, mobile devices, tablet devices, smartphones,
personal digital assistants, printing devices, recording
devices, speakers, MFDs, etc. Computer system 100
depicted in FIG. 1 can be, for example, a client such as client
210 and/or 212 and/or 214.
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[0053] Computer system 100 can also be implemented as
a server such as server 206, depending upon design consid-
erations. In the depicted example, server 206 provides data
such as boot files, operating system images, applications,
and application updates to clients 210, 212, and/or 214.
Clients 210, 212, and 214 and device 204 are clients to
server 206 in this example. Network data-processing system
200 may include additional servers, clients, and other
devices not shown. Specifically, clients may connect to any
member of a network of servers, which provide equivalent
content.

[0054] In the depicted example, network data-processing
system 200 is the Internet, with network 202 representing a
worldwide collection of networks and gateways that use the
Transmission Control Protocol/Internet Protocol (TCP/IP)
suite of protocols to communicate with one another. At the
heart of the internet is a backbone of high-speed data
communication lines between major nodes or host comput-
ers consisting of thousands of commercial, government,
educational, and other computer systems that route data and
messages. Of course, network data-processing system 200
may also be implemented as a number of different types of
networks such as, for example, an intranet, a local area
network (LAN), or a wide area network (WAN). FIGS. 1 and
2 are intended as examples and not as architectural limita-
tions for different embodiments of the present invention.
[0055] FIG. 3 illustrates a software system 300, which
may be employed for directing the operation of the data-
processing systems such as computer system 100 depicted in
FIG. 1. Software application 305, may be stored in memory
104, on removable storage 112, or on non-removable storage
114 shown in FIG. 1, and generally includes and/or is
associated with a kernel or operating system 310 and a shell
or interface 315. One or more application programs, such as
module(s) or node(s) 125, may be “loaded” (i.e., transferred
from removable storage 112 into the memory 104) for
execution by the data-processing system 100. The data-
processing system 100 can receive user commands and data
through user interface 315, which can include input 116 and
output 118, accessible by a user 320. These inputs may then
be acted upon by the computer system 100 in accordance
with instructions from operating system 310 and/or software
application 305 and any software module(s) 125 thereof.
[0056] Generally, program modules (e.g., module 125)
can include, but are not limited to, routines, subroutines,
software applications, programs, objects, components, data
structures, etc., that perform particular tasks or implement
particular abstract data types and instructions. Moreover,
those skilled in the art will appreciate that elements of the
disclosed methods and systems may be practiced with other
computer system configurations such as, for example, hand-
held devices, mobile phones, smartphones, tablet devices,
multi-processor systems, microcontrollers, printers, copiers,
fax machines, multi-function devices, data networks, micro-
processor-based or programmable consumer electronics,
networked personal computers, minicomputers, mainframe
computers, servers, medical equipment, medical devices,
and the like.

[0057] Note that the term “module” or “node” as utilized
herein may refer to a collection of routines and data struc-
tures that perform a particular task or implements a particu-
lar abstract data type. Modules may be composed of two
parts: an interface, which lists the constants, data types,
variables, and routines that can be accessed by other mod-
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ules or routines; and an implementation, which is typically
private (accessible only to that module) and which includes
source code that actually implements the routines in the
module. The term module may also simply refer to an
application such as a computer program designed to assist in
the performance of a specific task such as word processing,
accounting, inventory management, etc., or a hardware
component designed to equivalently assist in the perfor-
mance of a task.

[0058] The interface 315 (e.g., a graphical user interface
130) can serve to display results, whereupon a user 320 may
supply additional inputs or terminate a particular session. In
some embodiments, operating system 310 and GUI 130 can
be implemented in the context of a “windows” system. It can
be appreciated, of course, that other types of systems are
possible. For example, rather than a traditional “windows”
system, other operation systems such as, for example, a
real-time operating system (RTOS) more commonly
employed in wireless systems may also be employed with
respect to operating system 310 and interface 315. The
software application 305 can include, for example, module
(s) 125, which can include instructions for carrying out steps
or logical operations such as those shown and described
herein.

[0059] The following description is presented with respect
to embodiments of the present invention, which can be
embodied in the context of, or require the use of, a data-
processing system such as computer system 100, in con-
junction with program module 125, and data-processing
system 200 and network 202 depicted in FIGS. 1-3. The
present invention, however, is not limited to any particular
application or any particular environment. Instead, those
skilled in the art will find that the system and method of the
present invention may be advantageously applied to a vari-
ety of system and application software including database
management systems, word processors, and the like. More-
over, the present invention may be embodied on a variety of
different platforms including Windows, Macintosh, UNIX,
LINUX, Android, Arduino, and the like. Therefore, the
descriptions of the exemplary embodiments, which follow,
are for purposes of illustration and not considered a limita-
tion.

[0060] In an embodiment, a system and method for opti-
mized, non-invasive measurement of nuclear magnetic reso-
nance (NMR) relaxometry signals from the distal end of a
human finger are disclosed. The embodiments can be used to
monitor an individual’s metabolic health by measuring T, or
T, relaxation times of tissues in the fingertip. It should be
understood that T, relaxation time is a powerful and prac-
tical biomarker for monitoring cardio-metabolic health, and
detecting, for example, early risk for type 2 diabetes and
atherosclerotic cardiovascular disease.

[0061] Early detection and intervention is the best way to
prevent type 2 diabetes and cardiovascular disease. The
methods and systems disclosed herein can provide metabolic
health screening in point-of-care settings, like primary care
medical clinics. The embodiments are non-invasive and do
not require a blood sample.

[0062] In the embodiments disclosed herein, a “sample”
used for NMR relaxometry analysis can be non-invasively
taken from the finger (e.g., an index finger, but other fingers
could also be used) of a living human being, as opposed to
a liquid substance inside of a glass tube. The systems
disclosed can generate a profile of the physical and dynami-
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cal properties of the molecules in the sample (i.e. the
patient’s finger). Changes in the motion of the molecules in
the sample can be equated with changes in metabolism or
metabolic health.

[0063] In an embodiment, an NMR relaxometry system
can comprise a housing, a testing assembly in the housing,
and a computer or other such device for reading out results
of a test.

[0064] FIG. 4 illustrates a system 400 for NMR relaxom-
etry measurement of metabolic health. The housing can
include a container formed by a magnet cover 405. The
magnet cover 405 surrounds a permanent magnet 450, a
heater element coupled electronically to an external tem-
perature regulator (to keep the magnetic field stable), and a
probe 495. The probe 495 sits in between the north and south
poles of the magnet 450 and serves as the interface between
the magnet 450, the transceiver coils 445 and the sample
(i.e., a human finger). The probe 495 can be cylindrical in
shape, designed with a diameter to accommodate an average
sized human finger (e.g., 20.5 mm, but other diameters can
be used in other embodiments).

[0065] The magnet cover 405, or body 420, houses the
permanent magnet 450. The permanent magnet 450 provides
a nearly homogeneous magnetic field across the volume of
the probe 495 and, by extension, the test subject’s fingertip.
The magnetic field must be nearly homogenous at the proper
depth from the top of the magnet box in order to provide
accurate readings. Any remaining field inhomogeneity can
be eliminated using a Carr-Purcell-Meiboom-Gill (CPMG)
pulse sequence to collect T, values. Accordingly, the per-
manent magnet 450 provides a homogeneous magnetic field
specifically tailored to the geometry of a typical human
hand. Thus, the critical region of the magnetic field is larger
and closer to the top surface. The two magnet blocks 450 and
a pole shoes can be placed below the edge of the magnet
yoke 425. This is necessary to provide the optimal depth of
the probe 495 to accommodate a human fingertip within the
homogeneous magnetic field region, or “sweet spot”.

[0066] The body 420 of the system 400 can include one or
more handles 410 that can be provided on the exterior of the
body 420. The body 420 generally includes sidewalls and a
top and bottom surface, thereby enclosing the various com-
ponents of the system 400. One or more standoffs 415 can
be formed on the bottom surface of the body 420, which
serve to hold the body 420 off the surface on which the
system 400 is sitting.

[0067] The system includes a cover 430, which can be
formed of plastic, or other such non-magnetic material, and
is configured near the top side of the body 420 and extends
from the sidewalls along the inside of the body, with a void
where the NMR coil holder 435 is formed. The NMR coil
holder 435 can comprise a poly tetrafluoroethylene (PTFE)
NMR coil holder or can be comprised of other, similar
materials. A plastic frame 440 can be fitted to the cover 430
and/or the PTFE NMR coil holder 435 to secure the PTFE
NMR coil holder in position near the top of the body 420.

[0068] The NMR coil 445 is configured below the PTFE
NMR coil holder 435, and on a NMR coil base 475,
collectively known as the NMR coil assembly. The coil base
475 can also be a PTFE NMR coil base or can be formed of
other similar material. HV capacitors 485, used to tune the
circuit to the proper resonance frequency and impedance, are
attached to the cover 430 in proximity to the PTFE NMR
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coil holder 435. The coil assembly is covered by a cover
assembly 480 that can be formed of brass or other such
materials.

[0069] The sensor probe head assembly 500, illustrated in
FIG. 5, has a case that can be formed with aluminum or other
similar material.

[0070] The system 400 is further illustrated in FIG. 5,
where a magnet assembly, including the permanent magnet
450, is connected to a magnet pole shoe 455, just exterior to
the PTFE NMR coil holder 435. The permanent magnet 450
can comprise two blocks (which can be rectangular in some
embodiments) made of a rare earth magnet, including the
rare earth material Neodymium, or other such powerful
permanent magnetic material. In an embodiment, the mate-
rial can comprise N42, which refers to a grade of neo-
dymium-iron-boron, or NdFeB. The dimensions of the mag-
net blocks can be sized to provide the desired magnetic field.
In certain embodiments, this can be 100x100x30 mm, but
other dimensions may be necessary according to design
considerations.

[0071] The magnet assembly includes pole shoes 455,
which serve to support the magnet blocks 450 and disperse
the magnetic field with the desired directionality. The pole
shoes 455 can be made, for example, of soft magnetic steel,
polished, and annealed at 600 degrees C. in a nitrogen
atmosphere, to eliminate mechanical internal strains. Other
pole shoes that provide a similar dispersion of the magnetic
field can also be used.

[0072] The two magnet blocks 450 and pole shoes 455 can
be placed 5-10 mm lower than the edge of the magnet yoke
425. This is necessary to provide the optimal depth of the
probe 495 to accommodate a human fingertip within the
homogeneous magnetic field region or “sweet spot”.

[0073] The magnet assembly can be thermally insulated,
by an insulator if necessary, and housed within a stainless
steel outer shell or body 420. The temperature stability of the
magnet is achieved with a standard temperature controller
connected to one or more heaters (preferably providing unto
to 24 watts), and a standard temperature sensor. It should be
understood that the temperature controller can be embodied
as software associated with a computer system operably
connected to the system 400 as illustrated in FIG. 8. FIG. 5
further illustrates a connector panel 460. The connector
panel 460 includes a heater connection 465 that provides
connection to the heater.

[0074] An RF connection 470 is provided on the connector
panel 460. The RF connection 470 can be connected to an
external electronics console, which houses an RF transmitter
and receiver electronics and an acquisition computer, as
further detailed in FIG. 8. This connector couples the NMR
probe electronics inside the magnet box with the exterior
electronics console.

[0075] The connector panel 460 can further provide con-
nections to various external devices such as a power supply
and/or battery, and a host computer that provides the inter-
face to the user. The user interacts with the instrument
through software that implements the NMR pulse sequence,
collects data, and analyzes the collected data.

[0076] A top view of the system 400 is illustrated in FIG.
6. The top of the system 400 includes a hole 490, where a
test subject’s finger can be inserted into the testing space
formed in the plastic frame 440 by the PTFE NMR coil
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holder 435, NMR coil 445, and the PTFE NMR coil base
475. The top view illustrates the top cover, comprising the
magnet cover 405.

[0077] FIG. 7 illustrates a more detailed view of the sensor
probe head assembly 500. The sensor probe head assembly
500 includes the sensor probe head case 485 upon which the
PTFE NMR coil holder 430 and plastic frame 440 are
mounted. The surrounding cover 480 is illustrated (detached
from the assembly 500 for clarity). At the bottom of the
assembly, the PTFE coil holder 475 is illustrated.

[0078] FIG. 8 illustrates a block diagram of a system 800
in accordance with the disclosed embodiments. The system
800 includes the system 400, as described herein, that uses
NMR relaxometry analysis to non-invasively sample the
finger of a living human being (e.g., without a needle stick)
to generate a profile of the physical and dynamical proper-
ties of the molecules in the sample (i.e., the patient’s finger).
[0079] The RF connection 470 from the system (provided
on the connector panel 460) can be connected to an external
electronics console 805, which houses an RF transmitter
810. The RF transmitter 810 can include receiver electronics
and an acquisition computer, which can be embodied as a
computer system such as computer system 110. The con-
nector 470 couples the NMR probe electronics inside the
magnet box as described in system 400 with the electronics
console 805. In other embodiments, the system 800 can be
integrated in a single housing or unit.

[0080] The connector panel 460 can further provide con-
nection to various external devices such as a power supply
815, which can be embodied as a wall outlet, battery, or
other such power supply.

[0081] The integrated computer system 110, or a separate
computing device, can provide an interface to the user. The
user interacts with the instrument through a software module
125 and GUI. The software module 125 implements the
NMR pulse sequence via the RF transmitter 810, collects
data from the system 400, and analyzes that data as further
disc used herein.

[0082] A key aspect of the disclosed embodiments is the
ability to collect NMR relaxometry data on a living human
finger and resolve several T, values representing different
tissue elements. In certain embodiments, analysis of isolated
non-living tissues can be used as control samples. It should
be understood that the dominant components observed in the
T, profile of the living finger arise from adipose tissue.
[0083] NMR relaxometry data is acquired on a living
human finger according to the methods and systems dis-
closed herein. FIG. 9A illustrates a chart 900 of data that can
be collected and provided to a medical practitioner accord-
ing to the methods and systems disclosed. Specifically, plot
905 is a Carr-Purcell-Meiboom-Gill (CPMG) T, decay
curve. In certain embodiments, this data can be acquired
with system 400 in approximately 1 minute or less.

[0084] The y-axis 910 represents NMR signal intensity
(i.e., the output voltage) and the x-axis 915, illustrates decay
time. A discrete inverse Laplace transform can be applied to
the decay curve in order to extract three individual T,
components. The inset 920 indicates the relative intensity
(B,,0) and T, value (tau, in microseconds) for each of the
three components.

[0085] FIG. 9B illustrates chart 950 which graphically
depicts the results of the discrete inverse Laplace transform,
showing the distribution of the three T, components. The
y-axis 955 is relative NMR signal intensity (B,,,,.,), and the
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x-axis 960 is T,. The dominant contributor to the left-most
peak 965 is tendon, while the dominant contributor to the
middle peak 970 and right-most peak 975 is adipose tissue.
The position of these three peaks on the x-axis 960 is
indicative of the fluidity of that component. The higher the
T, value, the higher the tissue fluidity. Adipose tissue yields
two T, components representing different mobility domains
within that tissue.

[0086] The analysis results are thus displayed in the form
of an increasing or decaying exponential signal as a function
of decay time, as illustrated in FIGS. 9A and 9B. As such,
according to the method disclosed herein, collection of
hundreds or thousands of data points per decay curve are
possible, which provides the ability to conduct more sophis-
ticated multi-exponential fitting with 3 or 4 components. In
certain embodiments, the algorithm used for such fitting can
be a discrete inverse Laplace transform but other algorithms
can also be used. According to the methods and systems
disclosed herein resolution of up to four tissue compart-
ments, such as tendon, adipose tissue, blood and lymph, is
possible.

[0087] FIG. 10 illustrates a flow chart associated with a
method 1000 for measuring metabolic health, according to
relaxation variables, using the systems and apparatuses
described herein. The method begins at step 1005. At step
1010, the NMR device 400 and/or system 800 can be
activated. Next, at step 1015, the patient can insert their
finger through a hole into the probe of the device 400. At this
point, the device is ready and the process of taking mea-
surement can begin as illustrated at step 1020.

[0088] In general, the device functions by introducing the
subject’s finger to the magnetic field created in the device by
permanent magnets as shown at step 1025. The magnetic
field aligns the magnetic moments of hydrogen atoms in the
subject’s finger (most notably the hydrogen in the adipose
tissue in the subject’s finger) with (or against) the permanent
magnetic field.

[0089] At step 1030, a radio frequency pulse can then be
applied in a direction that provides a secondary magnetic
field perpendicular to the permanent magnetic field. This
temporarily changes the magnetic moment of the hydrogen
atoms away from their equilibrium state. The change in the
magnetic moment, away from equilibrium, is determined by
the duration of the pulse. The combined realignment of the
hydrogen atoms back to their equilibrium state generates a
small oscillating or non-oscillating magnetic field as shown
at step 1035. The changing magnetic field in turn induces an
alternating voltage in the coil surrounding the subject’s
finger as shown at step 1040, which can be measured and
reported with a computer, oscilloscope, or other such device
as shown at step 1045. The rate of increase or decay of the
voltage can then be equated to a T, or T, value, which can
be used to determine metabolic health at step 1050. The
method ends at step 1055.

[0090] Adipose tissue contains cells (adipocytes) filled
with internal lipid droplets, as well as a fibrous extracellular
matrix to provide mechanical support, and blood vessels and
other immune cells. As the tissue becomes more fluid, the T,
value increases. By contrast, more rigidity in the tissue
results in a lowering of the T,. These changes in tissue
fluidity occur with changes in metabolism and metabolic
health.

[0091] Using to the methods and systems disclosed herein,
adipose tissue yields the largest signal. This is a result of the
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fact that adipose tissue constitutes the largest percentage of
the tissue in the distal phalanx of the finger and because it
is relatively fluid. Adipose tissue fluidity (monitored as
adipose tissue T,) is an important measure of metabolic
health and disease risk. In part, adipose T, reflects the fatty
acid composition of the stored lipids. For example, an
individual consuming large amounts of fish or fish oil will
have a more fluid adipose tissue and a higher T, value
compared with those consuming a diet rich in saturated fats.
Furthermore, T, is exquisitely sensitive to lipid fluidity,
especially as it pertains to omega-3 content.

[0092] Adipose tissue fluidity is also important with
respect to inflammation and fibrosis. Adipose tissue inflam-
mation is a key driver of early metabolic syndrome—the
early metabolic abnormalities that put someone at risk for
type 2 diabetes and cardiovascular disease. Adipose tissue
fibrosis, which makes the tissue more rigid, is associated
with inflammation and would drive the T, value lower.
[0093] Accordingly, the disclosed methods, systems, and
devices can screen for early metabolic syndrome. Specifi-
cally, the embodiments provide a non-invasive, fingertip
assessment of metabolic health, measured in about a minute.
High adipose T, and high adipose tissue fluidity is indicative
of better metabolic health and lower risk of diabetes or
cardiovascular disease. By contrast, low adipose T, is
indicative of poor metabolic health. T, is a marker of
adipose tissue inflammation and early metabolic syndrome,
where low adipose T, also reflects a diet high in saturated
fats and low in fish/fish oil. Such diets are associated with
increased diabetes and cardiovascular risk.

[0094] Based on the foregoing, it can be appreciated that
a number of embodiments, preferred and alternative, are
disclosed herein. For example, in one embodiment, a medi-
cal testing system comprises a housing, at least one magnet
assembly configured around a probe configured to accept a
human finger, formed in said housing wherein said at least
one magnet assembly creates a permanent magnetic field
around said probe, an RF signal generator configured to
create a temporary magnetic field perpendicular to said
permanent magnetic field in said housing, and an NMR coil
assembly wherein a change in said permanent magnetic field
induces a voltage in said NMR coil assembly.

[0095] In an embodiment, the NMR coil assembly further
comprises an NMR coil surrounding said probe and a coil
base configured to hold said NMR coil. In an embodiment,
the at least one magnet assembly further comprises a per-
manent magnet mounted in said housing externally to said
probe. In another embodiment, the permanent magnet fur-
ther comprises a rare earth magnet. In another embodiment,
the at least one magnet assembly further comprises a yoke
and a magnet pole shoe configured to disperse said perma-
nent magnetic field.

[0096] In an embodiment, the medical testing system
further comprises a heater configured inside said housing
wherein said heater maintains a temperature inside said
housing.

[0097] In an embodiment, the medical testing system
further comprises an output operably connected to said
NMR coil assembly wherein said output comprises a non-
invasive measurement of at least one of T, and T, in intact
living tissue indicative of at least one of adipose tissue
fluidity and metabolic health.

[0098] In an embodiment, the an apparatus comprises a
housing, at least one magnet assembly configured around a
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probe configured to accept a human finger, formed in said
housing wherein said at least one magnet assembly creates
a permanent magnetic field around said probe, an RF signal
generator configured to create a temporary magnetic field
perpendicular to said permanent magnetic field in said
housing, and an NMR coil assembly wherein a change in
said permanent magnetic field induces a voltage in said
NMR coil assembly.

[0099] In an embodiment, the NMR coil assembly further
comprises an NMR coil surrounding said probe and a coil
base configured to hold said NMR coil. In an embodiment,
the at least one magnet assembly further comprises a per-
manent magnet mounted in said housing externally to said
probe. In an embodiment, the permanent magnet further
comprises a rare earth magnet. In an embodiment, the at
least one magnet assembly further comprises a yoke and a
magnet pole shoe configured to disperse said permanent
magnetic field.

[0100] In an embodiment, the apparatus comprises a
heater configured inside said housing wherein said heater
maintains a temperature inside said housing.

[0101] In an embodiment, the apparatus comprises an
output operably connected to said NMR coil assembly
wherein said output comprises a non-invasive measurement
of at least one of T, and T, in intact living tissue indicative
of at least one of: adipose tissue fluidity and metabolic
health.

[0102] In yet another embodiment, a medical testing
method comprises initializing an NMR testing device,
inserting a test subject’s finger into a test probe, said test
probe configured between at least one magnet assembly
configured formed in said NMR testing device, generating a
permanent magnetic field around said probe, creating a
temporary magnetic field perpendicular to said permanent
magnetic field in said housing with an RF signal generator,
and measuring an induced voltage in an NMR coil assembly
resulting from a change in said permanent magnetic field.

[0103] In an embodiment of the method, the NMR coil
assembly further comprises an NMR coil surrounding said
probe and a coil base configured to hold said NMR coil. In
an embodiment of the method, the at least one magnet
assembly further comprises a permanent magnet mounted in
said housing externally to said probe. In an embodiment, the
method further comprises dispersing said permanent mag-
netic field with a magnet pole shoe.

[0104] In an embodiment, the method further comprises
maintaining a temperature inside said NMR testing device
with a heater.

[0105] In an embodiment, the method further comprises
outputting a non-invasive measurement of at least one of T,
and T, in intact living tissue indicative of at least one of:
adipose tissue fluidity and metabolic health.

[0106] It will be appreciated that variations of the above-
disclosed and other features and functions, or alternatives
thereof, may be desirably combined into many other differ-
ent systems or applications. Also, it should be understood
that various presently unforeseen or unanticipated alterna-
tives, modifications, variations or improvements therein
may be subsequently made by those skilled in the art which
are also intended to be encompassed by the following
claims.
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What is claimed is:

1. A medical testing system comprising:

a housing;

at least one magnet assembly configured around a probe
configured to accept a human finger, formed in said
housing wherein said at least one magnet assembly
creates a permanent magnetic field around said probe;

an RF signal generator configured to create a temporary
magnetic field perpendicular to said permanent mag-
netic field in said housing; and

an NMR coil assembly wherein a change in said perma-
nent magnetic field induces a voltage in said NMR coil
assenibly.

2. The medical testing system of claim 1 wherein said

NMR coil assembly further comprises:

an NMR coil surrounding said probe; and

a coil base configured to hold said NMR coil.

3. The medical testing system of claim 1 wherein said at

least one magnet assembly further comprises:

a permanent magnet mounted in said housing externally
to said probe.

4. The medical testing system of claim 3 wherein said

permanent magnet further comprises a rare earth magnet.

5. The medical testing system of claim 3 wherein said at

least one magnet assembly further comprises:

a yoke; and

a magnet pole shoe configured to disperse said permanent
magnetic field.

6. The medical testing system of claim 1 further compris-

ing:

a heater configured inside said housing wherein said
heater maintains a temperature inside said housing.

7. The medical testing system of claim 1 further compris-

ing:

an output operably connected to said NMR coil assembly
wherein said output comprises:

a non-invasive measurement of at least one of T, and T,
in intact living tissue indicative of at least one of
adipose tissue fluidity and metabolic health.

8. An apparatus comprising:

a housing;

at least one magnet assembly configured around a probe
configured to accept a human finger, formed in said
housing wherein said at least one magnet assembly
creates a permanent magnetic field around said probe;

an RF signal generator configured to create a temporary
magnetic field perpendicular to said permanent mag-
netic field in said housing; and

an NMR coil assembly wherein a change in said perma-
nent magnetic field induces a voltage in said NMR coil
assembly.

9. The apparatus of claim 8 wherein said NMR coil

assembly further comprises:

an NMR coil surrounding said probe; and

a coil base configured to hold said NMR coil.

10. The apparatus of claim 8 wherein said at least one

magnet assembly further comprises:

a permanent magnet mounted in said housing externally
to said probe.

11. The apparatus of claim 10 wherein said permanent

magnet further comprises a rare earth magnet.
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12. The apparatus of claim 10 wherein said at least one
magnet assembly further comprises:
a yoke; and
amagnet pole shoe configured to disperse said permanent
magnetic field.
13. The apparatus of claim 8 further comprising:

a heater configured inside said housing wherein said
heater maintains a temperature inside said housing.

14. The apparatus of claim 8 further comprising:

an output operably connected to said NMR coil assembly
wherein said output comprises:

a non-invasive measurement of at least one of T, and T,
in intact living tissue indicative of at least one of:
adipose tissue fluidity and metabolic health.

15. A medical testing method comprising:

initializing an NMR testing device;

inserting a test subject’s finger into a test probe, said test
probe configured between at least one magnet assembly
configured formed in said NMR testing device;

generating a permanent magnetic field around said probe;

creating a temporary magnetic field perpendicular to said
permanent magnetic field in said housing with an RF
signal generator; and
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measuring an induced voltage in an NMR coil assembly
resulting from a change in said permanent magnetic
field.
16. The medical testing method of claim 15 wherein said
NMR coil assembly further comprises:
an NMR coil surrounding said probe; and
a coil base configured to hold said NMR coil.
17. The medical testing method of claim 15 wherein said
at least one magnet assembly further comprises:
a permanent magnet mounted in said housing externally
to said probe.
18. The medical testing method of claim 17 further
comprising:
dispersing said permanent magnetic field with a magnet
pole shoe.
19. The medical testing method of claim 15 further
comprising:
maintaining a temperature inside said NMR testing device
with a heater.
20. The medical testing method of claim 15 further
comprising:
outputting a non-invasive measurement of at least one of
T, and T, in intact living tissue indicative of at least one
of: adipose tissue fluidity and metabolic health.
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