wo 2017/165037 A1 | I 0N OO OO0 A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/165037 Al

28 September 2017 (28.09.2017) WIPO I PCT
(51) International Patent Classification: (81)
A61B 5/00 (2006.01)
(21) International Application Number:
PCT/US2017/018627
(22) International Filing Date:
21 February 2017 (21.02.2017)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
62/310,974 21 March 2016 (21.03.2016) Us 84)
(71) Applicant: SPORTS SCIENCE SYNERGY, LLC
[US/US]; 9 Damico Drive, Franklin, MA 02039 (US).
(72) Inventor: CHEUVRONT, Samuel, N.; 9 Damico Drive,
Franklin, MA 02038 (US).
(74) Agent: CARRERAS, Eduardo, M.; Baker & Hostetler

LLP, 1170 Peachtree Street NE, Suite 2400, Atlanta, GA
30309-7676 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA,IM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: SYSTEMS AND METHODS FOR ACCURATELY ESTIMATING CUTANEOUS WATER LOSSES IN RESPONSE
TO EXERCISE

(57) Abstract: A system and method for accurately estimating cutaneous
water loss resulting from exercise. The system comprises a component to

( 100

I/O

| \103

Thermometer

101/ |

Processor

\ 105

Clock

107 J

Storage

\ 109
\ 111

Sensing
device

Fig.1

determine the ambient temperature and a component to determine the total
energy expenditure resulting from exercise. The cutaneous water loss is
calculated with the equation: Cutaneous Water Loss = (m™*(air temperat-
ure) + b)* (energy expenditure) where m is a function of air temperature
and 4 is a constant.
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SYSTEMS AND METHODS FOR ACCURATELY ESTIMATING CUTANEOUS WATER
LOSSES IN RESPONSE TO EXERCISE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application also claims the benefit of: U.S. Provisional Patent Application
No. 62/310,974 filed March 21, 2016 and entitled SYSTEMS AND METHODS FOR
ACCURATELY ESTIMATING CUTANEQUS WATER LOSSES IN RESPONSE TO

EXERCISE which is hereby incorporated by reference herein.

TECHNICAL FIELD
[0002] This invention relates to accurately estimating water losses from the skin in
response to exercise by use of an equation that integrates air temperature and energy expenditure

alone as required inputs.

BACKGROUND

[0003] Human water losses occur through cutaneous insensible evaporation and
sensible perspiration, respiration, and through body waste elimination {urine and feces).
Cutaneous evaporative water losses are commonly referred to as sweat, though only sensible
losses are truly secreted from sweat glands while insensible losses evaporate directly from the
skin. During physical labor, exercise, or exposure to hot environments, cutanecus water losses
increase in association with endogenous (metabolism) and exogenous (environmental) heat gain.
Body water losses can be substantial and must be replaced. There is considerable variation in
water losses among people owing to biological and environmental factors, thus fluid needs vary
considerably also. Avoidance of gver-drinking and under-drinking are strongly recommended to
optimize health and performance by avoiding hyponatremia and dehydration, respectively. Asa
result, it is also strongly recommended that athletes and exercise enthusiasts know their
individual rates of cutaneous water loss for a given set of circumstances and tailor drinking
behaviors accordingly.

[0004] The precise measurement of cutaneous water losses can be made in a laboratory
by gravimetric means combined with appropriate corrections for non-cutaneous losses of mass
(respiratory water and CO,-0; exchange). Simple changes in nude mass can be used as an
approximate suirogate, but failure to also account for fluid intake and urine output confounds the
accuracy of nude weights. Prolonged activities and activities that require comparatively large

amounts of energy per unit weight and distance covered {(e.g., swimming) especially benefit by
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additional correction for non-cutaneous mass losses. ‘Sweat’ prediction equations have been
developed and published to help estimate exercise body water losses independent of the need to
measure fluid losses or tluid gains, but only one has been tntegrated into a device to compute
individual water losses in real time (U.S. Patent no. 6,138,079) and none have been validated for
use with athletes to assure that estimates do not produce significant risk of over-drinking
(hyponatremia) or under-drinking {(dehydration).

[0005] Energy expenditure and air temperature represent potential endogenous and
exogenous sources of body heat gain, respectively. Together these two variables increase the
uncertainty of water needs due to their influence on water losses. Knowledge of individual
energy expenditure may solve much of the variation problem that limits accurate estimation of
individual exercise water losses. Many different state-of-the-art wearable sensors have been
developed to accurately track energy expenditure to this end. The strong modifying effects of air
temperature on exercise water losses can also be addressed by simple use of a weather “app’ to
estimate local area air temperatures. The present invention computes individual cutaneous water
losses associated with exercise by integrating a simple thermo-physiological equation with any
third party parameters of measured or acquired air temperature and measured energy
expenditure. The ocutput is independent of common measurement confounders {(e.g., fluid intake,
urine output) and 15 pre-corrected for non-cutaneous mass losses.

[0006] There are several different equations residing 1n the public domain which can be
used to estimate body water losses during exercise. None of the equations available to athletes
have been validated for accuracy. Only one device (1.8, Patent no. 6,138,079} on the market
today claims to provide athletes with a way of computing losses or rates at which water must be
replenished during exercise.

[0007] TS Patent Application Publication No. 2014/0221792 discloses a hydration
monitoring apparatus. The hydration monitoring apparatus comprises a data acquisifion unit, an
analysis unit, a sensor interface, a data communication unit, a display and an input cutput
interface. In individuals biometric, biological and/or physiological status can be monitored in
real time by using sensors. The data collected from the sensors are analyzed separately in
corubination using multirodal analysis of multivariate analysis to determine an individual’s
hydration level or dehydration state. The data collected may include the individual’s heart rate.
The accuracy of the apparatus is unknown.

[0008] S Patent number 6,138,079 discloses a device for calculating the amount of

water being lost through dehydration. Personal data such as weight is entered into the device at

-~
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the start of exercise. The device calculates from the specified weight as well as the measured
outdoor temperature and hunudity the average loss of fluid. The accuracy of the device is
unknown,

[0009] There is a need for a simple and accurate systerm and method for calculating

cutaneous water loss as a result of exercise.

SUMMARY

[0010] The inventions satisfy the aforementioned needs in the art by providing systems
and methods for measuring cutancous water loss as a result of exercise. The method includes the
steps of determining the air temperature, measuring the energy expended during exercise,
multiplying the air temperature with a parameter m to obtain a first result adding the first result
to a parameter b {o obtain a second result and multiplying the second result with the energy
expended during exercise.

[0011] In accordance with another embodiment of the invention, a system for
calculating the cutaneous water loss resulting from exercise is provided. The system includes a
computer system comprising at least one processor, a component for determining ambient
temperature, a component for determining the energy expended during exercise, and an
application that when executed by the processor computes cutaneous water loss as a function of

the ambient temperature and the energy expended during exercise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FiIG. 11sa schematic of a device for measuring cutaneous water loss due to
exercise.

[0013] FIG. 2 is a generalized graph showing the relationship of air temperature and
cutaneous water loss per kilocalorie.

[0014] FIG. 3 1sa flow diagram of a method of measuring total cutaneous water losses
and the rate of total cutaneous water losses.

[0015] FIG. 4 is a tflow diagram of a method for calculating total cutaneous water losses

and the rate of total cutaneous water losses using parameters m and b.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0016] IHustrated in FIG. 1 1s a device 100 for measuring total cutaneous water losses

as a result of exercise. The device 100 may include a temperature determining cormponent 101,
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and input output component 103, a processor 105, the clock 107, a storage device 109 and an
energy expenditure sensing device 111

[0017] The temperature determining cormmponent 101 may be a thermometer to measure
ambient temperature, or an application to download ambient temperature based on location.

[0018] A number of devices have been described that measure energy expenditure
during exercise. For example, US Patent 4,855,942, Title: Pedometer and/or Calorie Measuring
Device and Method (Bianco, August §, 1989), describes a device with a number of calories
consumed by subject performing an exercise routine is approximated with a computer having a
predetermined cycle time during which the distance traveled by the subject is determined. US
patent 6,571,200, titled: Monitoring Caloric Expenditure Resulting from Body Activity (Mault,
May 27, 2003 ), discloses an apparatus for monitoring the caloric expenditure rate of the subject
comprising a caloric expenditure rate detector for detecting and measuring the caloric
expenditure rate of the subject; a body activity detector for detecting and measuring the body
activity of the subject; and a processor for storing a measured caloric expenditure rate and a
concurrently measured body activity for each of a plurality of different body activities and
activity rates, to enable each subsequently detected body activity measurement to be converted to
the caloric expenditure rate of the respective subject.

[0019] For example, energy expenditure sensing device 111 may comprise a caloric
expenditure rate detector for detecting and measuring the caloric expenditure rate of the person
exercising. The caloric expenditure rate detector may include a body activity detector that may
detect physical activities of the subject including walking, and running at different rates and/or
physical exertions of the subject such as for exarmple the heart rate of the subject. Other sensors
have been developed to measure the caloric expenditure during exercise. Sorme sensors convert
mechanical energy output to calories consumed by the person exercising. Other sensors measure
the pulse rate and estimate the calorie totals using a pre-constructed relationship between the
user’s heart rate and calories burned across the individual’s entire heart rate range.

[0020] Another method of calculating energy expenditure 1s to provide a sensor that
measures the number of times that a cyclically moving member (e.g. an arm} moves during
exercise. This may be implemented as a pedometer with a number of pulses 1s directly
proportional to the number of steps taken by the subject. Calories are calculated in response to
an input from a pedometer, as well as preset inputs indicative of subject age, weight and sex.
Calories are determined from an approxirmately linear relationship of the number of calories

burned by a subject having a known weight moving, by walking, jogging or running, through a
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predetermined distance. The linear relationship between calories burned and weight can be
approximated as:
(Calortes burned) = o*(Distance) + ¢
where g and ¢ are predetermined constants which vary according to the sex of the subject.
[0021] Yet another method of calculating exercise energy expenditure is to use

metabolic equivalent (MET) values in accordance with the following formula:

Exercise Energy Expenditure = (MET ¥ Weight ¥ Duration)

MET values have been calculated for a variety of activities such as bicycling, calisthenics,
rowing, running, and the like. MET values of activities range from 0.9 (sleeping) to 23 (running
at 22.5 knv/h or a 4:17 mile pace). Thus the exercise energy expenditure may be determined by
multiplying the product of weight and duration of the exercise with the MET value for that
exercise.

[0022] Anocther method of calculating exercise energy expenditure is to determine a
distance traveled by a subject during a predetermined period of time t;; inputting a wetght for the
subject W1; accessing a measure of the number of calories expended per unit weight and time F
tor the exercise; and calculating the energy expended E in accordance with the formula:

E= (t (WH(F).

[0023] In the present inventions, it has been determined that cutanecus water loss can

be estimated by using the air temperature and energy expenditure in accordance with the

tollowing formula:

{m*(air temperature) + A)y*(energy expenditure) = Cutaneous Water Loss.

[0024] The biophysics and physiology of heat transter were used to arrive at water
losses in mb/keal, which was then regressed against air temnperature in degrees C. Numerous
values for cutaneous water loss {mL/kcal} and air temperature coordinates for a small theoretical
universe of conditions were established by using a multitude of basic biophysics, physiology,
and exercise science terms and calculations including those in the public domain. The stope (m)
and intercept term (b) are outputs from linear regression analysis. Those parameters are the key
to ultimately allowing simple unplementation of very complex information. The relationship

between y and x for running (cycling, walking, swimming, soccer, etc.) just happens to be best
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fit by a straight line, so y = mx + b is the best mathematical fit. This therefore produces a linear
equation with slope () and intercept (5} terms. The slope is multiplied by air temperature and
the intercept is added. The parameter m is a function of air temperature and the parameter b is a
constant term. The answer is water loss in mU/kcal. Simply multiply by total energy expenditure
and you get total water loss. Divide by time an you get the rate of water loss. If exercise duration
is < 60 min, the mL/kcal solution to the thermo-physiological equation should be divided by the
time constant for sweating, before calculating sweating rate, to account for the fact that sweating
does not begin instantaneously at the onset of exercise. Failure to account for the delay
contributes non-significantly when exercise duration is > 60 min.

[0025] The parameters m and b may be estimated by measuring the cutaneous water
loss (WL} resulting from an exercise at an ambient temperature (T} measuring the cutaneous
water loss (W) resulting from the exercise at an ambient temperature (1) estimating the

amount of energy expended (E) during the exercise and solving for m and b using the equation:
m= ((WL‘ — WLz)/’E)/’(Tl - Tg)
and

b= (WLy/E) — ((WL; - WLyYEY(T, - T))(Ty).

[0026] The generalized equation above will be the same tor walking, cycling, and even
swimming. The only thing that will change 1s the parameter m and the constant 5. Similarly, the
same generalized equation can be adapted for use in teamn sports, group water planning, and can
even be adjusted to include additional inputs (using multiple linear regression) to improve
equation performance when the desired test conditions fall outside the original equation domain
of validity.

[0027] Cutaneous water losses are a function of endogenous (muscle metabolism) and
exogenous {environmental} heat gain. Transcutaneous (non-sweat) water loss fron the skin
increases in response to metabolism and environmental temperature. Thermoregulatory sweating
increases as a function of changes in body core (T¢) and skin temperatures (Ts}) (Stolwijk, et al,
1968). The measurement of these variables is impractical and inconvenient outside of a research
laboratory. However, relationships among these variables are generally linear and can be
reasonably approximated by more convenient measurements or even estimates. For example,
changes in Te¢ can be approximated by heat production, which can be approximated by energy

expenditure. This is especially true when normalized for body mass. Ts can be approximated by

.
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environmental temperature. Therefore, cutaneocus water Josses 1o response to exercise can be
theoretically approximated by knowledge of energy expenditure and environmental temperature
alone.

[0028] A small theoretical universe of conditions was created from which cutaneous
water iosses were approximated. The conditions included a range of realistic body mass (60 1o
90 kg), body surface area (1.68 to 2.08 m”), running speed (140 to 280 m/min) and
envirommental air temperature (10 to 35°C) combinations. Relative humidity was varied from 35
to 75% depending on air temperature and assuming a daily reciprocal cycle between air
termperature and relative humidity. The associated range of air water vapor pressures was 6.91 to
14.81 mm Hg. The theoretical requirement for evaporative cooling was set to less than 70% of
the maximum evaporative capacity of the environment (i.e, Ereg/Emax < 0.70), thus evaporative
efficiency was assumed 1o be high. More humid conditions require a third vapor pressure term
{multiple regression) and can be used to predict cutaneous water losses with Ereq/Emax between
0.71 and 1.10. The theoretical running distance was set to 42 km. Any clothing worn under
these conditions in the real world would vary greatly, thus clothing was left out of the analysis
entirely and accepted as a source of potential error. Cutaneous water losses were estimated by
concatenating standard biophysical equations of heat balance and energy expenditure within an
Excel® spreadsheet. Most quantitative relationships amoung variables of interest were obtained
from the open literature. In situations where no quantitative equation existed relating variables
of 1uterest to this analysis, equations were developed de novo. From this master file of equations
and conditions, cutaneous water loss output was generated per unit energy expenditure {mL/kcal)
and ultimately related to air temperature (°C) by forcing function. A final, single thermo-
physiological equation was created which can be used to estimate cutaneous water losses when
only air temperature and energy expenditure are known.

[0029] FIG. 2 is a generalized graph illustrating the relationship between ambient
temperature and cutaneous water 1oss per calorie of energy expended. Parameters m and 5 may
be calculated by measuring the cutaneous water losses during exercise at a first temperature, and
the energy expended by that subject during such exercise; and measuring the cutaneous water
losses during exercise at a second temperature, and the energy expended by that subject during
such exercise. Those measurements will provide two data potnts which are sufficient to
algebraically solve the linear equation for parameter m and constant 5. The precise values form
and b will be shightly different for each person. A line of best fit has been developed to provide a

single m and b value that works “for everybody” within the acceptable designated error limits.
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Accuracy, Validation, and Comparisons

[0030] The inherent equation error is < 55 mL/1000 kcal of energy expenditure, thus it
is entirely negligible when compared to the resolution of most medical scales used to measure
whole body sweating rates in the field. In order to test the estimation validity of the thermo-
physiological equation, 10 studies were identitied and compiled from the open literature where
body water loss rates (L/h) were carefully measured and reported from changes in body mass
during prolonged outdoor running exercise or indoor running exercise {treadmill) with realistic
convective airflow (Table 1), For studies that did not correct for non-cutaneous losses of body
mass, a standardized correction was subtracted from the reported whole body losses, expressed
per unit energy expenditure (i.e., g/keal). From the 10 studies, 109 individual observations of the
required inputs were obtained (Table 2) except energy expenditure, which was estimated from
the same standard equations used in the Excel® file. The thermo-physiological equation was
compared to two other equations published in the open literature (Barr and Costill, 1989 or in
patent form (Putnam, 2000) (Table 2). Other equations based on heat balance parameters,
though commonly adopted 1n occupational or military setiings, were not evaluated for several
reasons. Briefly, they require many inputs (i.e., > 10) including several which are commonly
unknown, such as clothing insulation and vapor permeability characteristics. More importantly,
the conditions under which athletes and recreational enthusiasts exercise can be well outside the

domain of validity for said equations, thus greatly Hmiting their use, application, and validity for

SpOﬁi.

Table 1. Rescarch studics used to compare and validate equation performance (running).

Research Study (first author same, josrnal, vear of publication) # individoal
observations

Adams et al. Journal of Applied Physiology (1975} i3

Byrne et al. Medicine and Science in Sports & Exercise (2006) 18

Cheuvront ¢t al. Journal of Sports Sciences (2001) 24%

Cohenct al. South African Medical Journat (1978) 18

Magazanik et al. Journal of Applied Physiology (1974) 6

Maron et al. European Journal of Applied Physiology (19753 6

Maron et al. Journal of Applied Physiclogy (1977) )

Myhre et al. European Journal of Applied Physiology (1982) 3

Myhre et al. Journal of Applied Physiology (1985) 11

-8
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Pugh et al. Joumal of Applied Physiology (1967) 4

TOTAL | 169

*Paper reporis group means, individual data obtained from Cheuvront dissertation, Florida State University

(2000},

Table 2 lists the equations compared in the analysis as well as their required inputs.

Table 2. Eguations for estimating mates of body water loss duriug exercise.

Asnthors Equatien Enputs
Barr & Costill, 1989 kg ikm body mass; runping speed
‘ h
720 ]
Putnam, 2000 METS X kg % Ta+ rh2 METS, body mass, air
1450 temperature; square of

refative lumidity

Applicant’s tivention | {m{air temperature} + b)Y X energy expenditure | air temperature. coergy
Pe v gy exp P
time expenditure, time Gf rafe
is desired)

All equation outpuls normalized to L/ units for coniparison.

[0031] Equation accuracy was examined and compared in two ways. The first was by
assigning an acceptable ‘absolute’ estimation error rate of = 0.250 L/h. This threshold was
chosen based on the desire for a total volure error rate of < 1.0 L/4 hours. For a smaller athlete
{(~50 kg), £ 1.0 L/4h would increase or decrease body mass by £2% over 4 hours of continuous
exercise, increasing the health and performance risks of hyponatremia and dehydration,
respectively (Almond et al., 2005; Sawka et al., 2007). Although these are conservative
estimates that guard against health and performance risks during exercise conducted over 4
hours, they becorme even more important as athletic events become increasingly protracted (i.e.,
ultra-endurance events) and when there 1s a negative balance between sweat electrolyte losses
and electrolyte consumption. Performance was assessed using the mean absolute difference
(MAD) in order to appreciate the magnitude of the error on the mean without regard for sign or
directionality. Individual error was assessed by simply counting the nursber of over-estimates
{hyponatremia risk), under-estimates (dehydration risk), and the total number of estimation
errors {total risk). The odds of estimating cutaneous water losses correctly (within +0.250 L/h)
were calculated as (proportion correct / | — proportion correct): 1.

[0032] The second way of testing equation accuracy was to apply an acceptable
‘relative’ estimation error of + 2% for calculated gains or losses of actual body mass (as body
water). Estimated rates of cutaneous water loss were subtracted from observed rates of exercise

body water losses reported in the literature (Table 1), multiplied by the duration of exercise, then
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divided by actual body mass and expressed as a percentage of mass gain or loss (Table 1). An
acute 2% loss of body mass {(as water) is a conservative threshold for the start of measurably
impaired performance due to dehydration (Sawka et al., 2007). An acute 2% gain in body mass
{as water} is a conservative threshold for the development of symptomatic hyponatremia
{Almond et al., 2005). This second approach is more hiberal since errors of 0.250 L/h or more
may not appreciably increase risk in larger individuals (> 50 kg) who exercise for durations < 4
hours. Performance was assessed using the MAD in order to appreciate the magnitude of the
error on the mean without regard for sign or directionality. The odds of estimating cutaneous
water losses correctly (within + 2% body mass) were calculated as (proportion correct / 1 —
proportion correct): 1.

[0033] Table 4 provides the results of equation performances compared to a
conservative absoclute error rate threshold of + 0.250 L/h. Only the equation disclosed herein met
the MAD criteria. The overall odds of a correct estimate for the equation disclosed herein were
2.34:1 (70% probabiiity of correctness). The odds and probabilities for Barr and Costill (1989)
and Putnarm (2000) were 0.8:1 (44% probability of correctness) and 1.3:1 (58% probability of

correctness), respectively.

Table 4. Ewvaluation of absolute equation performance (+ 0.250 L/h threshold).

Equation MAD (L/h) | Dehydration Hyponatremia Total Risk (3dds of
Risk Ervor Risk Evror Error Correct

Estimate

Barr & Costill, 1989 | 6.302 20/109 43/109 61/169 0.8:1

Putnam, 2000 0.258 3/109 43/109 46/109 1.37:1

Applicant’s igvention | 0.188* 177109 16/109 33/109 231

* = gceeptable performance

[0034] Table 5 provides the resuits of equation performances compared to a liberal
relative error threshold of = 2% body mass. All three equations met the MAD criteria for the
more liberal threshold. The overall odds of a correct estimate for the equation disclosed herein
were 12.5:1 (93% probability of correctness). The odds and probabilities for Barr and Costill
(1989) and Putnarn (2000) were 2.6:1 (72% probability of correctness) and 4.4:1 (82%

probability of correctness), respectively.

Table 5. Bvalaation of relative cquation performance (& 2% body mass thieshold).

- 10 -
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Eguation MAD Dehydration | Hyponatremia Total Risk | Oddsof
(% body mass) Risk Error Risk Error Error Correct
Estimate
Barr & Costill, 1989 1.45%* £5/109 15/109 30/109 2601
Potnam, 2000 1.26%* 1/109 19/109 20/109 4.4:1
Applicant’s invention | 0.929%* 8/100 3/109 117109 {2.5:3
* = geeeptable performance

[0035] The Applicant’s thermo-physiological equation is valid for the data set tested,
which includes primmarily outdoor running (or treadmill running with adequate airflow) at
measured running speeds ranging from 145 to 268 m/min, distances run from 15 t0 42 km,
duration of running from 60 min to 280 min, air temperatures from 10 to 35°C, body weights
ranging from 41.6 to 88.3 kg, and measured cutaneous water loss rates of 0.38 t0 2.11 L/h.

[0036] Adjustments of the parameters m and b of the equation for outdoor walking,
cycling, and swimming exercise have also been developed. A small theoretical universe of
conditions was created once again and cutaneous water losses were approximated as with
running. The conditions were identical to those for running except that for cycling the
movement speeds ranged from 2806 to 572 m/min. For walking, movement speeds ranged from
80.4 to 127 m/min. Swirnming velocity was 30 to 60 m/min in water temperatures ranging from
2610 28°C. Inherent equation errors were larger than for running (< 55 mL/kcal) but still small
at 118 mL (walking), 207 L (cycling) and 64 mL/1000 keal {(swimming), respectively.
Validation data are limited to a handful of studies reporting only group mean rates of water loss
for outdoor cycling, walking, and swimming exercise. Once corrected for non-cutaneous losses
of mass {(respiratory water and £0;-0), exchange), the applicant’s equation estimated water

losses within + 0.250 L/h in 6 out of 6 studies examined {Table ).

Table 6. Research studies used to compare and validate equation performance (walking,
cycling, or swimming). Data are from reported group means.

Research Study (fivst author name, journal, year of publication) MAD (L/h)
Brown et al., European Journal of Applied Physiology (1985) - cycling -0.173%
Lemon et al., Journal of Sports Sciences {1989) - swimming -0.185%
Saunders et al, Acta Phystologica Scandinavica {2005) - cycling -0.039%
Maughan et al., International Journal of Sport Nutrition and exercise 0061%
Metabolism (2009} — swimming (men)

11 -
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Maughan et al | International Journal of Sport Nutrition and exercise 0020
Metabolism (2009) — swimming (women)

{3’Neal et al., European Journal of Applied Phystology (2012} 0.053%*
Fox and Burns, Thermal and fluid balance in competitive cycling,

DeSales University (2013) 0.148%
*acceptable performance (£ 0.250 L/h).

[0037] An adaptation for soccer was validated similarly whereby 3 out of 6 estimated

group mmeans were predicted within + 0.250 1./h (Table 7).

Table 7. Research studies used to compare and validate equation performance for soccer.

Data are from reported group means.

Maughan et al, International Journal of Sport Nutrition and Exercise -0.272

Metabolism (2007) — Team A

Maughan et al., International Journal of Sport Nutrition and Exercise -0.216*

Metabolism (2007) — Team B

Kurdak et al., Scandinavian Journal of Medicine and Science in Sports -0.064%

(2010) — Team W1

Kurdak et al., Scandinavian Journal of Medicine and Science in Sports -0.163*

{2010} — Team 81

Kurdak et al., Scandinavian Journal of Medicine and Science in Sports -0.005%

(2010} — Team W2

Kurdak et al., Scandinavian Journal of Medicine and Science in Sports -0.099%

(2010) — Team S2

*acceptable performance (= 0.250 L/h).

[0038] Hlustrated in FIG. 3 is a method [15 of measuring total cutaneous water [osses.

[0039] In step 117 parameter m is stored in a device memory. In some embodiments a
plurality of values for m (e.g. my, mry, ... m,) roay be stored wherein each value for m corresponds
to a particular type of exercise {(e.g. swimming, cycling, walking, etc.).

[0040] In step 119 parameter & is stored in the device memory. In some embodiments a
plurality of values for & (e.g. &1, 5, ... by} may be stored wherein each value for b corresponds to

a particular type of exercise {e.g. swimining, cycling, walking, etc.).
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[0041] Instep 121 the air temperature 1s determined. The air temperature may be
determined by measuring the air temperature or by downloading a measured air termperature
from a website that provides air temperature by location.

[0042] In step 123 the energy expenditure of an individual 1s measured. Indirect
assessment of energy expenditure may be obtained by heart-rate recording. In any individual,
there is a relationship between heart rate and oxygen consumption, and this relationship is the
basis for the monitoring of physical activity by recording heart rate over lengthy periods of time.
However, it is also well known that the relationship between heart rate and energy expenditure
will vary within the individual, depending upon the type of physical activity being undertaken.
Other methods of measuring energy expenditures may include the use of an ergometer, a device
which measures the amount of work performed, such as for example an indoor rower calibrated
1o measure the amount of energy being generated. Other devices for measuring physical activity
include pedometers and accelerometers. These would be attached to the body to detect motion
and provide an estimate of total activity.

[0043] In step 125 the total cutaneous water loss 1s calculated using the air temperature,
the energy expenditure, pararmeter m and parameter b

[0044] In step 127 the rate of total cutaneous water loss may be calculated by dividing
the total cutaneous water loss by the length of time of exercise.

[0045] FIG. 4 is a flowchart diagram tllustrating the method of calculation 131 of the
cutaneous water loss during exercise,

[0046] In step 133 the value of parameter m ts retrieved from memory.

[0047] In step 135 parameter m is multiplied by the air temperature to obtain a first
result.

[0048] In step 137 the value of parameter & is retrieved from memory.

[0049] In step 139 the value of parameter £ 1s added to the first result from step 135 to
obtain a second result.

[0050] 1In step 141 the energy expenditure is multiplied by the second result from step
139 to provide the total cutaneous water loss.

[0051] In step 143 the total cutancous water losses divided by the length of time of
energy expenditure.

[0052] It should be noted, that the steps described for FIG. 3 and FIG 4 do not have to
be performed in order and that all the steps have to be performed in order or out of order to

achieve the results of the invention. The device 100 may be a personal computer (PC), a UNIX

- 13 -
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workstation, a server, a mainframe computer, a personal digital assistant (PP A), smartphone,
cellular phone, a tablet computer, a laptop computer, a netbook, a slate computer, or some
combination of these. Further in accordance with various embodiments of the invention, the
methods described herein are intended for operation with dedicated hardware implementations
including, but not limited to, PCs, PDAs, semiconductors, application specific integrated circuits
(ASIC), programmable logic arrays, cloud computing devices, and other hardware devices
constructed to implement the methods described herein. The computing devices described herein
include standard components such as a processor/controlier, a memory, a display, input/output
devices {(keyboard, mouse, etc.), communication bus, connections (USB, Serial, Wireless),
software including operating systems and predictive and forecasting techniques and the like, a
camera, power supply and the hike.

[0053] It shouid also be noted that the software implementations of the invention as
described herein are optionally stored on a tangible storage medium, such as: a magnetic medium
such as a disk or tape; a magneto-optical or optical medium such as a disk; or a solid state
medium such as a memory card or other package that houses one or more read-only {(non-
volatile} mermories, random access memories, or other re-writable (volatile) memories. A digital
tile attachment to email or other self-contained information archive or set of archives is
considered a distribution medium equivalent to a tangible storage medium. Accordingly, the
invention is considered to include a tangible storage medium or distribution medium, as listed
heretn and including art-recognized equivalents and successor media, in which the software
implementations herein are stored. The software described herein may be part of one software
module and are not required to be separate.

[0054] Communication mmedia generally embodies computer-readable instructions, data
structures, program modules or other data in a modulated signal such as the carrier waves or
other transportable mechanisin including any information delivery media. Computer-readable
media such as communication media may inchude wireless media such as radio trequency,
infrared microwaves, and wired media such as a wired network. Also, the computer-readable
media can store and execute computer-readable codes that are distributed 1n computers
connected via a network. The computer readable medium also includes cooperating or
interconnected computer readable media that are in the processing system or are distributed
among multiple processing systems that may be local or remote to the processing system. The
invention can include the computer-readable mediurn having stored thereon a data structure

including a plurality of fields containing data representing the technigues of the invention.
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[0055] The many features and advantages of the invention are apparent from the
detailed specification, and thus, it 1s intended by the appended claims to cover all such features
and advantages of the invention which fall within the true spirit and scope of the invention.
Further, since numerous modifications and variations will readily occur to those skilled 1n the art,
it is not desired to limit the invention to the exact construction and operation illustrated and
described, and accordingly, all suitable modifications and equivalents may be resorted to, falling
within the scope of the invention.

References

[0056] 1. Benedict FG, Root HF. Inseunsible perspiration: Iis relation to human
physiology and pathology. Archives of Int Med 38: 1-35, 1926

[0057] 2. Pinson, EA. Evaporation from human skin with sweat glands inactivated.
American Journal of Physiology, 137: 492-503, 1942,

[00S8] 3. Stolwijk JAJ, Saltin B, Gagge AP. Physiological factors associated with
sweating during exercise. Aerospace Med Oct: 11011105, 1968,

[0059] 4. Barr, ST, Costill, DL. Water: Can the endurance athlete get too much of a
good thing? Journal of the American Dietetic Association, 89(11): 1629-1635, 1989

[0060] 5. Almond, CSD, Shin AY, Fortescue EB, Mannix RC, Wypij D, Binstadt BA,
Duncan CN, Olson DP, Salerno AE, Newburger JW, Greenes DS, Hyponatremia among runners
in the Boston Marathon, New England Journal of Medicine, 352:1550-1556, 2005.

[0061] 6. Sawka, MN, Burke, LM, Eichner, ER, Maughan, RJ, Montain, SJ,
Stachenfeld, NS. Exercise and fhuid replacement. Medicine and Science in Sports and Exercise,

39:377-390, 2007,



WO 2017/165037 PCT/US2017/018627
What is Claimed:
1. A system comprising:
A computer system comprising at least one processor
a component for determining ambient temperature;
a component for determining energy expended during an exercise;

an application that when exccuted by the at least one processor computes
cutaneous water loss as a function of the air temperature and the energy expended during

the exercise,

2. The system of claim 1 wherein the application that computes the cutaneous water loss
comprises an application that multiplies the air temperature with a parameter m to obtain a first

result.

3. The system of claim 2 wherein the application that computes the cutangous water loss

comprises an application that adds the first result to a parameter b to obtain a second result.

4 The system of claim 3 wherein the application that computes the cutaneous water loss
coruprises an application that multiplies the second result with the energy expended during

exercise.

5. The system of claim 2 wherein the parameter m is calculated by measuring the cutaneous
water loss WL resulting from an exercise at an ambient temperature T, measuring the cutaneous
water loss WL, resulting from the exercise at an ambient temperature T, estimating the arnount

of energy expended E during the exercise and solving for m using the equation:

m = (WL — WLY/EW(T, — T2)

0. The system of claim 3 wherein the parameter b is calculated by measuring the cutaneous
water loss WE resulting from an exercise at an ambient temperature T: measuring the cutaneous
water loss WL, resulting from the exercise at an ambient temperature T, estimating the amount
of energy expended E during the exercise and solving for & using the equation:

-16 -
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b= (WL/E) ~ (WL — WL VEY(T1L ~ T)(Fa).

7. The systern of claim 1 wherein the energy expended during the exercise comprises
estimating the energy expenditure from a heart rate of the subject, or by using a pedometer or

accelerometer.

3. The system of claim 1 wherein the energy expended during the exercise comprises the
steps of determining a distance traveled by a subject during a predetermined period of time ty;
inputting a weight for the subject W ; accessing a measure of the number of calories expended
per unit weight and tirne F for the exercise; and calculating the energy expended E in accordance

with the formula:

E (4)(W ().

9. A method of calculating cutaneous water loss of a subject comprising:
determining the air temperature;
determining the energy expended during an exercise,
multiplying the air temperature with a parameter # to obtain a first result;
adding the first result to a parameter 4 to obtain a second result; and

multiplying the second result with the energy expended during the exercise.

10. The method of claim 9 wherein the parameters m and # are estimated by measuring the
cutaneous water loss WL, resulting from an exercise at an amnbient temperature T rueasuring the
cutaneous water loss WL, resulting from the exercise at an ambient temperature T, estimating

the amount of energy expended E during the exercise and solving for s and b using the equation:
= ((VVL\ - ‘»VLQ)/E)KT [ T;)
and

b={(WLJ/E) - {(({WL, - WL EY(T1 - T}

'
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it The method of claim 9 wherein the step of determining the energy expended during the
exercise comprises estimating the energy expenditure from a heart rate of the subject, or by using

a pedometer or accelerometer,

12, The method of claim 9 wherein the step of determining the energy expended during the
exercise comprises the steps of determining a distance traveled by a subject during a
predetermined period of time ty; inputting a weight for the subject Wy, accessing a measure of
the number of calories expended per unit weight and tirne T for the exercise; and calculating the

energy expended E in accordance with the formula:

E= () (W }(F).

13. The method of claim 9 wherein the step of determining the energy expended (E) during
exercise comprises the steps of deternmining the MET for the exercise; inputting the weight of a
subject; measuring the duration of the exercise and calculating E in accordance with the

tollowing formula:
B = (MET )W YDuration),

14 A non-transient computer readable medium containing program instructions for causing a

computer to perform the method of:
determining the air ternperature;
determining the energy expended during an exercise;
multiplying the air temperature with a parameter m to obtain a first result;
adding the first result to a parameter & to obtain a second result; and

multiplying the second result with the energy expended during the exercise.
15, The non-transient computer readable medium of claim 14 wheretn the parameters m and

b are estimated by measuring the cutaneous water loss WLy resulting from the exercise at an

ambient temperature T, measuring the cutaneous water loss WL, resulting from the exercise at

- 18 -
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an ambient temperature T, estimating the amount of energy expended E during the exercise and

solving for mr and b using the equation:
= (( VVL1 — ‘&RJYLQ)/"E)I/( T ;= T})
and

b= (VVYL)/E) — (((XVK]LJ — WFL?")/E)I/(Tl — Tp))(Ty)

16.  The non-transient computer readable medium of claim 14 wherein the step of
determining the energy expended during the exercise comprises estimating the energy

expenditure from a heart rate of the subject, or by using a pedometer or accelerometer.

17.  The non-transient computer readable medium of claim 14 wheretn the step of
determining the energy expended during the exercise comprises the steps of determining a
distance traveled by a subject during a predetermined period of timme ty; inputting a weight for the
subject W1, accessing a measure of the number of calories expended per unit weight and time F

for the exercise; and calculating the energy expended E in accordance with the formula:

E= ()W )(E).
18.  The non-transient computer readable medium of claim 14 wherein the step of
determining the energy expended (E) during exercise comprises the steps of determining the
MET for the exercise; inputting the weight of a subject; measuring the duration of the exercise

and calculating E in accordance with the following formula:

B = (METYW)(Duration).
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