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(57) ABSTRACT

A statistical system is disclosed to analyze multivariate
response of circadian rhythms in a crossover design, in
which response variables are continuously monitored to
evaluate the therapeutic effect of a regimen on circadian
rhythms such as blood pressure and blood sugar. The meth-
ods determine the alteration of not only amplitude but also
correlation of multiple circadian rhythms under the influence
of a regimen.
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Joint response of blood pressure and blood glucose to two regimens with
small difference. lllustrated with 10 simulations.
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FIG. 1 Joint response of blood pressure and blood glucose to two regimens with
small difference. Ilustrated with 10 simulations.
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FIG. 2 Joint response of blood pressure and blood glucose to two regimens with
large difference. Mustrated with 1 simulation.
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FIG. 3 Response of blood pressure to two regimens relative to baseline. Tlustrated
with 10 simulations.
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EVALUATING MULTIVARIATE RESPONSE
OF CIRCADIAN RHYTHMS

1. FIELD OF INVENTION

[0001] The present invention relates to statistical methods
for effectively assessing how a regimen might affect mul-
tiple circadian rhythms, for example blood pressure and
blood sugar, jointly.

2. BACKGROUND OF THE INVENTION

[0002] Diabetes and hypertension are two conditions that
often coexist. Their combination increases the risk of life-
threatening cardiovascular events. High blood pressure con-
tributes to several of the classic diabetic complications, and
high blood sugars cause high blood pressure. Most subjects
with diabetics require a combination therapy to control
blood pressure to a goal of <130/80 mmHg. The potential for
some drugs to reduce blood pressure, however, might be
offset by an increased risk due to the development of
diabetics. Controlling high blood pressure may be as impor-
tant as controlling our blood sugar. There have been ample
examples of medicines that could act on both blood pressure
and blood sugar in the same or opposite way, intentionally
or unintentionally. Thus, simultaneous monitoring of blood
pressure and sugar level will be informative in preventive
management and therapy for either or both of the two
disease conditions.

[0003] Both blood pressure and blood sugar exhibit appar-
ent circadian rhythm. The circadian patterns often make it
difficult to choose a single time-point marker for therapeutic
and preventive management. For example, the daytime
systolic blood pressure variability is a stronger predictor of
early carotid atherosclerosis progression than a single time-
point reading. It is useful to define the risk-benefit ratio of
therapeutic approaches.

[0004] Several manufacturers have produced medical
devices to continuously monitor blood pressure and blood
sugar. Some of these devices transmit the readings via
wireless technologies to portable devices or network servers
for analysis. Some of these devices have been cleared by
FDA. For example, Sotera Wireless has been granted FDA
approval for the ViSi Mobile continuous, non-invasive
blood pressure (¢NIBP) monitoring. Dexcom G4 Platinum
Continuous Glucose Monitor was approved by FDA. These
devices provide rich data that can be used for more precise
evaluation of therapies or for better preventive health man-
agement.

[0005] Computationally stable and eflicient statistical
methods to make full use of the rich data provided by these
continuous monitoring devices, however, are still needed.
With an increased number of data points and repeated
measurements, the number of parameters in the variance-
covariance matrices increases accordingly. While an overly
simplified variance-covariance structure introduces biases, a
totally unstructured variance-covariance matrix for a model
introduces such a large number of components that become
impracticable to estimate. Thus, a balance needs to reach
among minimizing bias, increasing efficiency, and reducing
the number of variance-covariance components to estimate.
This disclosure aims to provide statistical methods to
achieve such a goal based on a crossover design.

[0006] With increasing capacity of upcoming devices to
record circadian rhythms at higher sampling frequency, it
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may sometimes be desirable to use derived statistics of those
readings for statistical modeling and analysis. Within such a
context, readings or measurements can mean either the
original data outputs or their summary statistics suitable to
describe circadian rhythms such as amplitude, acrophase,
mesor, mean, median, variability, variance, standard devia-
tion, range, or selected subset of data points, etc.

[0007] Portable and wireless devices have dramatically
changed how medical data are collected, transmitted, and
stored. While many inventions and products have shown or
provide ways to record multiple vital signs through different
sensors that are bundled together, perhaps not enough
emphasis has been made on compact and integrated devices
that provide precisely synchronized measurements of vital
signs especially blood pressure and glucose concentration.
Precisely synchronized device typically provides more reli-
able time-matched measurements and more reliable data
analysis. Because many blood pressure and blood sugar
monitoring devices are usually based on very different
sensing techniques, precise synchronization in data collec-
tion for both circadian rhythms are not a trivial issue.
[0008] Although the disclosure is illustrated for responses
in a circadian rhythm, it is also suitable for other cyclic
rhythms. For example, the circadian thythm can be replaced
by a monthly cycle, and the day can be accordingly replaced
by the month. Such an adaptation can be implemented
without having to change the statistical model and methods
established for the circadian system.

[0009] Although blood pressure and blood glucose level
are used to illustrate the statistical model in this disclosure,
the response variables do not have to be different types
biological or chemical signals as distinguished as blood
pressure and blood glucose. They can be the same biological
signal, such as blood pressure or blood glucose, respectively,
measured by medical devices from different manufacturers.
In that scenario, the purpose of the study may include an
evaluation of the equivalence of two devices to measure the
same signal. In another scenario, one of the response vari-
ables may simply be a baseline reading of a response
variable preceding a period in a sequence. The inclusion of
a baseline as a response in a linear mixed statistical model
could improve statistical efficiency a crossover design.

3. OBJECTS OF THE INVENTION

[0010] Tt is an object of this invention to use joint mod-
eling of multivariate response and crossover design to
efficiently determine the effect of a regimen on multiple
circadian rhythms with minimum sample sizes. The utility of
the invention has the advantages to determine not only the
change of amplitude but also the alteration of correlation for
different circadian rhythms under treatment of a regimen. In
other words, the methods provide a precise way to assess
whether a regimen acts on multiple circadian rhythms jointly
or independently.

4. SUMMARY OF THE INVENTION

[0011] A statistical system is disclosed to analyze multi-
variate response of circadian rhythms in a crossover design,
in which response variables are continuously or discretely
monitored to provide multiple-time-point data for an evalu-
ation of a therapeutic effect of a regimen. Multiple readings
are taken to account for the circadian rhythm of a study
subject. Readings can be the original data outputs or sum-
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mary statistics of the outputs suitable to describe circadian
rhythms such as amplitude, acrophase, mesor, mean,
median, variability, variance, standard deviation, range, or
selected subset of data points, etc.

[0012] The response variables, which can represent all
readout data points or their statistics, are monitored in a
synchronized fashion so that their paired readings are taken
at the same time-point or in a time window, which is within
one hour, preferably within fifteen minutes, more preferably
within five minutes, and most preferably within 30 seconds.
One integrated receiver assembly receives readings from
sensors that measure the response variables. The integrated
receiver assembly contains one antenna or multiple antennas
that space not further apart than a distance limit, which is
within eight inches, preferably within four inches, more
preferably within two inches, and most preferably within
one inch. The integrated receiver assembly is housed in an
enclosure or on a mounting base not to exceed a weight
limit, which is within ten ounces, preferably within seven
ounces, more preferably within four ounces, and most
preferably within two ounces. The enclosure or mounting
base is constructed from polymer, fabric, glass, metal,
plastic, alloy, wood, paper or a combination of these mate-
rials. The receiver receives, stores, and transfers the readings
to a computing device that implements a statistical model to
analyze the data.

[0013] In one embodiment of the statistical model, a
sequence in a crossover design consists of multiple periods.
Each period consists of multiple days. Measurements are
made each day at multiple time-points. At each time-point,
multiple response variables are monitored. The response
variables are potentially correlated at each time-point,
between time-points on a day, between days in a period, and
between periods in a sequence. Using a unified variance-
covariance structure, the disclosed method limits the number
of parameters that need to be estimated for a variance-
covariance matrix. The number of parameters to estimate for
the variance-covariance matrix of the response variables
remains the same even when the numbers of time-points,
days, and periods increase. Limiting the number of param-
eters to estimate for a variance-covariance matrix improves
statistical efficiency and inference precision. The method is
suitable for making a full use of highly repeated measure-
ments for a circadian system. Making a full use of highly
repeated measurements for a circadian system improves the
precision to estimate the correlation of the response vari-
ables. The estimated change in the correlation of the
response variables assists one to determine whether a regi-
men induces an independent response in one response
variable or correlated changes between response variables.
The objects, features and advantages of this disclosure will
be illustrated in more details in the following description of
the embodiments, the examples, and the appended claims.

5. BRIEF DESCRIPTION OF FIGURES

[0014] FIG. 1 illustrates the joint response of blood pres-
sure and blood glucose to two regimens with insignificant
difference in efficacy in a 2x2 crossover design.

[0015] FIG. 2 illustrates the joint response of blood pres-
sure and blood glucose to two regimens with significant
difference in efficacy in a 2x2 crossover design.

[0016] FIG. 3 illustrates the response of blood pressure to
two regimens relative to baseline in a 2x2 crossover design.
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6. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Example 1: Simulated Joint Response of Blood
Pressure and Blood Sugar to Two Regimens with
Negligible Difference in Efficacy

[0017] It is well known that a crossover design has the
advantage of minimizing between-subject variation thus
requires a smaller number of subjects for efficient statistical
analysis. In this example, a 2x2 crossover design is set up
with three days in each period. Each day has five measure-
ments.

[0018] Let {X, Y} be the vector of the bi-variate responses
of blood pressure X and blood sugar Y. The variance-
covariance matrix X for the response vector {X, Y} can be
described as following at different levels that include
between-period

Z _[é’xx é’xy]
Bp N é’xy é’yy )

between-day

Z [nxx nxy]
Bd Mxy Ty )

between-timepoint

and within-timepoint

: Txx Oxy
W \Txy Ty

[0019] For the 2x2x3x5 response vector (X, Y1112
X1om Yotiam - - » Xisase Yassy) of the K subject in the i
sequence, the variance-covariance structure can be con-
structed based on a compound symmetry structure, as shown
in the following.

[0020] For a day, the 2x5 response vector (X, 1z Yeo1z
Xioooe Yicsomo -+ s Xicvsio Yiopsz) of the k” subject in the i
sequence in the ¢ period on the b” day has the following
variance-covariance matrix Covd=2,,9 I(t)+Ez; S T (4, 1)
where [ is an identity matrix and J is a matrix of ones.
[0021] For a period, the 2x3x5 response vector (X,_,,;,
Yoot Xt Yierno - - » Yieasuo Yoeass) of the K™ subject
in the i sequence in the ¢ period has the following
variance-covariance  matrix ~ Covp=Covd® I(txd)+Ez,
& J(txd,txd).

[0022] For a sequence, the 2x2x3x5 response vector
Ko Yourue Xoize Yoz - - - » Xizase Yaase) of the K
subject in the i” sequence has the following variance-
covariance matrix Cov=Covp & [{txdxp)+Eg, % J(txdxp,tx
dxp).
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[0023] The statistical model can be implemented as a
mixed model in statistical software SAS. Let Z={X, Y}.
Then the mixed model can be expressed as Model

Z=Period*Response Period*Day*Response
Period*Day*Time*Response

Day*Time*Regimen*Response; random  Response/
subject=Subject Type=UN; random Response/

subject=Subject*Period Type=UN; random Response/
Subject=Subject*Period*Day Type=UN; repeated
Response/Subject=Subject*Period *Day*Time Type=UN;
LSMEANS  Day*Time*Regimen*Response/PDIFF; in
which Subject is a study subject in the i” sequence, Period
is the period index taking a value between 1 and p=2, Day
is the day index taking a value between 1 and d=3, Time is
the time-point index taking a value between 1 and t=5,
Regimen is the regimen index taking a value from 1 up to
p=2, Response is the type index of a response variable with
1 for blood pressure and 2 for blood sugar. Finally, Z is the
2x2x3x5 response vector (X111 Yiiie Yeiiom Yilioe - - -
s Xipasio Ypasi)-

[0024] The variance-covariance matrix Cov for the 2x2x
3%5 response vector (X, Yiiiie X1k Yilloe - - - o
Xs351 Yi235.) Was simulated with the following parameters
and SAS expressions. Let Wt={12 3,3 16}, Bt={30 8, 8 32},
Bd={52-12, -12 56}, and Bp={39 64, 64 101}. Then WiI=]
H@wt, WdEItH@Bt, Covd=Witl+Wd], WdI=I(d)
@Covd, Wpl=I(t*d,t*d)@Bd, Covp=Wdl+Wpl, Wpl=l(p)
@Covp, BJ=I(t*d*p,t*d*p)@Bp. Eventually, Cov=Wpl+
BJ.

[0025] The sample response values for Z={X, Y} were
then generated by using the SAS function as RANDNOR-
MAL(1, E(Z,,), Cov), where E(Z,,) was the expected values
of the response vector Z={X, Y} and Cov as computed
above.

[0026] A set of simulation results are presented in FIG. 1.
Blood pressure and blood glucose responses were simulated
10 times based on the above mentioned mixed model in a
2x2 crossover design with 9 subjects in each sequence. The
responses were the average of the 10 simulations. The graph
is divided into quadrants based on two response variables
and two regimens as labeled. Vertically, the symbols in the
top half are the blood pressure values, and those in the
bottom half are the blood glucose values. Horizontally, the
left half represents the responses in regimen 1, and the other
half to the right represents the responses due to regimen 2.
The circadian patterns of both responses are indicated with
dashed eclipses to the right side of the graph. In each
regimen, the response values are sorted by the order of Day
and Time-point. The daily changes in responses due to the
regimen effects are indicated with the dashed arrows. At
each time-point, a response includes its expected value (OJ),
its sample mean (¢ ), and its estimated value from the
statistical model (®). In this simulation study, the two
regimen effects were set to be equivalent. In each regimen,
the responses gradually decreased over a 5-day period while
the circadian pattern remained the same through out the
days. The expected value, sample mean, and estimated value
agreed with each other at the timepoints.

Example 2: Simulated Joint Response of Blood
Pressure and Blood Sugar to Two Regimens with
Significant Difference in Efficacy

[0027] This example has variance-covariance matrices
similar to those in the last example except that the two
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regimens have significant difference in efficacy. Blood pres-
sure and blood glucose responses were simulated 1 time
based on the above described mixed model in a 2x2 cross-
over design with 9 subjects in each sequence. The graph is
divided into quadrants based on two response variables and
two regimens as labeled. Vertically, the symbols in the top
half are the blood pressure values, and those in the bottom
half are the blood glucose values. Horizontally, the left half
represents the responses in regimen 1, and the other half to
the right represents the responses due to regimen 2. The
circadian patterns of both responses are indicated with
dashed eclipses to the right side of the graph. In each
regimen, the response values are sorted by the order of Day
and Time-point. The daily changes in responses due to the
regimen effects are indicated with the dashed arrows. At
each timepoint, a response includes its expected value ((J),
its sample mean (<), and its estimated value from the
statistical model (@). In this simulation study, the two
regimen effects were set to be different with regimen 2
having a larger effect in decreasing the responses. In each
regimen, the responses gradually decreased over a 5-day
period while the circadian pattern remained similar through
out the days. Even with only one simulation, the expected
value, sample mean, and estimated value reasonably agreed
with each other at every time-point. The sample size of 18
used in the study is within the typical range of sample sizes
in a 2x2 crossover design where 18-24 subjects are usually
used.

Example 3: Simulated Response of Blood Pressure
to Two Regimens Relative to Baseline in a 2x2
Crossover Design

[0028] A baseline typically means a reading of a vital sign
when a subject does not receive any treatment. Under certain
circumstances where a difference between baseline and
placebo is difficult to distinguish, it also means a reading of
a vital sign when a subject receives a blank treatment, or no
treatment at all. For example, when a normal meal and a
specially design meal are to be compared, the normal meal
serves as placebo as well as baseline. In another example
when alcohol consumption is compared with non-aleohol
consumption, a placebo is also difficult to define. In such a
case, non-alcohol consumption is treated as the norm, the
baseline, and the placebo. Other examples include high-salt
versus low-salt, high-fat versus low-fat, high-sugar versus
low-sugar, etc. In these situations, an estimation of the
difference between baseline and a regimen has its meaning
in evaluation of a therapeutic effect.

[0029] When the effect of a regimen is evaluated against
an upper safety threshold, for example, the highest blood
pressure of a day that should not be exceeded, a placebo
effect may not need to be subtracted from a therapeutic effect
if it is confounded with a placebo effect. In such a case, the
estimate of a change from baseline for a regimen serves as
a more conservative safety gauge than an estimate of the
difference between a regimen and aZ={X, Y} represents a
placebo, even when the placebo can be distinguished from
the baseline.

[0030] This example illustrates a 2x2 crossover design
with two days in each period and two measurements each
day in the layout, which models blood pressure with baseline
as joint response. The settings are similar to the above
examples except that Z={X, Y} represents a vector with X
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denoting the baseline blood pressure prior to treatment and
Y denoting the blood pressure response to a regimen after
the baseline.

[0031] Similar to the above examples, the variance-cova-
riance matrix X for the response vector {X, Y} can be
described as following at different levels that include
between-period

Z _[éxx éxy]
15p - é/xy Svyy )

between-day

Z [nu nxy]
Bd T]xy 77yy )

between-timepoint

Usy Uxy
= >
18t Uxy Uyy

and within-timepoint

T xx U—xy
Zw: Txy Oy

[0032] For the 2x2x2x2 response vector (X, 1150 Y111
Xi11am Yitiomo - - - > Ximoais Yiznon) o the k¥ subject in the i
sequence, the variance-covariance structure can be con-
structed based on a compound symmetry structure, as shown
in the following.

[0033] For a day, the 2x2 response vector (X, ;15 Yieo12
X, opoe Yiesan) of the k™ subject in the i sequence in the ¢”

period on the b” day has the following variance-covariance
matrix Covd=2, % I(1)}+Z5,% (1, t) where I is an identity
matrix and J is a matrix of ones.

[0034] For a period, the 2x2x2 response vector (X, ;,;,
Y10 Xeer2o Yeer2o Xeczrpe Yeearo Xeczzps Yicaan) Of the k”
subject in the i” sequence in the ¢ period has the following
variance-covariance matrix Covp=Covd @ I(txd)+Ez,® (tx
d,txd).

[0035] For a sequence, the 2x2x2x2 response vector
Kinie Yoire Xoioe Yiioe « « - s Xisoogs Yiooog) of the k”
subject in the i” sequence has the following variance-
covariance matrix Cov=Covp® I(txdxp)}+Zz,® J(txdxp,tx
dxp).

[0036] The statistical model can be implemented as a
mixed model in statistical software SAS. Let Z={X, Y}.
Then the mixed model can be expressed as Model

Z=Period*Response Period*Day*Response
Period*Day*Time*Response

Day*Time*Regimen*Response; random  Response/
subject=Subject Type=UN; random Response/

subject=Subject*Period Type=UN; random Response/
Subject=Subject*Period*Day Type=UN; repeated
Response/Subject=Subject*Period *Day*Time Type=UN;
LSMEANS  Day*Time*Regimen*Response/PDIFF; in
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which Subject is a study subject in the i* sequence, Period
is the period index taking a value of 1 or 2, Day is the day
index taking a value of 1 or 2, Time is the time-point index
taking a value of 1 or 2, Regimen is the regimen index taking
avalue of 0, 1, or 2, Response is the type index of a response
variable with 0 for baseline blood pressure and 1 for blood
pressure response. Finally, 7 is the 2x2x2x2 response vector
O(illlki YilllkS Xi112k5 YllleS crts Xi222k3 Yi222k)'

[0037] A set of simulation results are illustrated in FIG. 3.
The responses were the average of 10 simulations. Legends
are similar to those in FIG. 1 and FIG. 2. The blood pressure
responses decrease in regimens 1 and 2 due to the regimen
effects compared to baseline (regimen 0). Regimen 2 has a
larger effect than regimen 1.

[0038] SYNCHRONIZED DATA COLLECTION: To
achieve reliable data collection and precise data analysis in
a joint modeling, response variables for circadian rhythms
are to be monitored in a synchronized fashion so that their
paired readings are taken at the same time-point or in a time
window, which is within one hour, preferably within fifteen
minutes, more preferably within five minutes, and most
preferably within 30 seconds.

[0039] Synchronization of data collection are to be pro-
actively programmed in an integrated receiver assembly
receives readings from sensors that measure the response
variables. The integrated receiver assembly contains one
antenna or multiple antennas that space not further apart
than a distance limit, which is within eight inches, preferably
within four inches, more preferably within two inches, and
most preferably within one inch. Here, an antenna refers to
a general type of data signal entry point that is implemented
with either a wireless technique or a wired technique in
which a conduit is used to physically connect a sensor and
the receiver. The integrated receiver assembly is housed in
an enclosure or on a mounting base not to exceed a weight
limit, which is within ten ounces, preferably within seven
ounces, more preferably within four ounces, and most
preferably within two ounces. The enclosure or mounting
base is constructed from polymer, fabric, glass, metal,
plastic, alloy, wood, paper or a combination of these mate-
rials. The receiver receives, stores, and transfers the readings
to a computing device that implements a statistical model to
analyze the data. The computing device is either housed in
the same enclosure with the receiver or separated from the
receiver. The readings may be log-transformed or subjected
to other normalization prior to statistical analysis.
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[0070] It will thus be seen that further modifications and
alternative embodiments of various aspects of the disclosure
will be apparent to those skilled in the art in view of this
description. Accordingly, this description is to be construed
as illustrative only and is for the purpose of showing those
skilled in the art the general manner of carrying out the
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illustrative and not in a limiting sense. Variations may be
made in the models and methods described herein without
departing from the spirit and scope of the invention as

described in the following claims.

What is claimed:

1. A mixed model containing both fixed effects and
random effects, comprising; q correlated response variables
measured at the same time-point or at a matched time-point
in a circadian rhythm between different days; multiple
effects including p-level period, d-level day, t-level time-
point within a day; g-level regimen,; interactions of the said
multiple effects; separable variance and covariance compo-
nents of the q response variables at the different levels of
between-period, between-day, between-time-point, and
within-time-point; interactions among the effects; a statisti-
cal software tool to implement the mixed model; a computer
to receive data from monitoring of the said response vari-
ables and to output the estimated responses, their differences
and the statistical significance of the differences between
regimens.

2. The statistical model of claim 1, wherein the q response
variables have a variance-covariance matrix with no more
than q(q+1)/2 different components representing their cor-
relations at the same time-point or at a matched timepoint in
a circadian rhythm between different days.

3. The statistical model of claim 1, wherein the q response
variables have a variance-covariance matrix with no more
than q(q+1)/2 different components representing their cor-
relations between time-points on the same day.

4. The statistical model of claim 1, wherein the q response
variables have a variance-covariance matrix with no more
than q(q+1)/2 different components representing their cor-
relations between days in the same period.

5. The statistical model of claim 1, wherein the q response
variables have a variance-covariance matrix with no more
than q(q+1)/2 different components representing their cor-
relations between periods in the same sequence.

6. The statistical model of claim 1, wherein the qxq
variance-covariance matrix in claim 2 and the qxq variance-
covariance matrix in claim 3 form a new (qxt)x(qxt) vari-
ance-covariance matrix based on a compound symmetry
structure, with the qxq variance-covariance matrix in claim
2 being repeated t times along the diagonal of the new matrix



US 2017/0188974 A1l

and the gxq variance-covariance matrix in claim 3 being
repeated txt times in the new matrix.

7. The statistical model of claim 1, wherein the (qxt)x
(qxt) variance-covariance matrix in claim 6 and the qxq
variance-covariance matrix in claim 4 form a new (qxtxd)x
(qxtxd) variance-covariance matrix based on a compound
symmetry structure, with the qxq variance-covariance
matrix in claim 6 being repeated d times along the diagonal
of the new matrix and the qxq variance-covariance matrix in
claim 4 being repeated (txd)x(txd) times in the new matrix.

8. The statistical model of claim 1, wherein the (qxtxd)x
(qxtxd) variance-covariance matrix in claim 7 and the qxq
variance-covariance matrix in claim 5 form a new (qxtxdx
p)x(qxtxdxp) variance-covariance matrix based on a com-
pound symmetry structure, with the gxq variance-covari-
ance matrix in claim 7 being repeated p times along the
diagonal of the new matrix and the qxq variance-covariance
matrix in claim 5 being repeated (txdxp)x(txdxp) times in
the new matrix.

9. The statistical model of claim 1, wherein the (gxtxdx
p)x(qxtxdxp) variance-covariance matrix in claim 8 repre-
sents the variance-covariance matrix of the (txdxp) mea-
surements of the q response variables.

10. The statistical model of claim 1, wherein the (gxtx
dxp)x(qxtxdxp) variance-covariance matrix in claim 8 has
no more than 2xqg(q+1) components to estimate.

11. The statistical model of claim 1, wherein the output of
the estimated responses, their differences, and the statistical
significance of the differences is used to determine whether
the g regimens are equivalent.

12. The statistical model of claim 1, wherein the output of
the estimated responses, their differences, and the statistical
significance of the differences is used to determine whether
the q response variables respond equally to the regimens.

13. A mixed model containing both fixed effects and
random effects, comprising: q correlated response variables
measured at the same time-point or at a matched time-point
in a circadian rhythm between different days; multiple
effects including p-level period, d-level day, t-level time-
point within a day; g-level regimen; interactions of the said
multiple effects; separable variance and covariance compo-
nents of the q response variables at the different levels of
between-period, between-day, between-time-point, and
within-time-point; interactions among the effects; a statisti-
cal software tool to implement the mixed model; a computer
to receive data from monitoring of the said response vari-
ables and to output the estimated responses, their differences
and the statistical significance of the differences between
regimens.

14. The statistical model of claim 13, wherein one of the
q response variables is the baseline reading of another
response variable among that q response variables.

15. The statistical model of claim 13, wherein the number
of days is one (d=1).

16. A statistical system comprising: correlated response
variables measured at the same time-point or at a matched
time-point in a circadian rhythm; synchronized sensors to
provide continuous or discrete readings of the response
variables; a receiver containing an antenna or antennas to
receive, store, and transmit the readings; a computing device
to receive the transmitted readings of the response variables
measured at different levels of fixed and random effects that
include regimen, period, day, time-point, and their interac-
tions; a statistical software tool to implement a mixed model
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to process the received data and to output the estimated
values, differences, statistical significance of changes, and
the carrelations of response variables.

17. The integrated receiver assembly of claim 16, wherein
the electronics used to receive data from sensors is housed
in an enclosure or on a mounting base not to exceed a weight
limit, which is within ten ounces, preferably within six
ounces, more preferably within four ounces, and most
preferably within two ounces.

18. The integrated receiver assembly of claim 16, wherein
the antennas used to receive data do not space apart further
than eight inches, preferably within four inches, more pref-
erably within two inches, and most preferably within one
inch.

19. The response variables of claim 16 are monitored in
a synchronized fashion so that their paired readings are
taken at the same time-point or within an one-hour time
window, preferably within a fifteen-minute time window,
more preferably within a five-minute time window, and most
preferably within a 30-second time window.

20. The mixed model of claim 16, comprising: q corre-
lated response variables measured at the same time-point or
at a matched time-point in a circadian rhythm between
different days; multiple effects including p-level period,
d-level day, t-level time-point within a day; g-level regimen;
interactions of the said multiple effects; separable variance
and covariance components of the q response variables at
the different levels of between-period, between-day,
between-time-point, and within-time-point; interactions
among the effects; a statistical software tool to implement
the mixed model; a computer to receive data from monitor-
ing of the said response variables and to output the estimated
responses, their differences and the statistical significance of
the differences between regimens.

21. The statistical model of claim 20, wherein the q
response variables have a variance-covariance matrix with
no more than q(q+1)/2 different components representing
their correlations at the same time-point or at a matched
timepoint in a circadian rhythm between different days.

22. The statistical model of claim 20, wherein the q
response variables have a variance-covariance matrix with
no more than q(q+1)/2 different components representing
their cotrelations between time-points on the same day.

23. The statistical model of claim 20, wherein the q
response variables have a variance-covariance matrix with
no more than q(q+1)/2 different components representing
their correlations between days in the same period.

24. The statistical model of claim 20, wherein the q
response variables have a variance-covariance matrix with
no more than q(q+1)/2 different components representing
their correlations between periods in the same sequence.

25. The statistical model of claim 20, wherein the qxq
variance-covariance matrix in claim 21 and the gxq vari-
ance-covariance matrix in claim 22 form a new (qxt)x(qxt)
variance-covariance matrix based on a compound symmetry
structure, with the qxq variance-covariance matrix in claim
21 being repeated t times along the diagonal of the new
matrix and the qxq variance-covariance matrix in claim 22
being repeated txt times in the new matrix.

26. The statistical model of claim 20, wherein the (qxt)x
(qxt) variance-covariance matrix in claim 25 and the qxq
variance-covariance matrix in claim 23 form a new (gxtx
d)x(gqxtxd) variance-covariance matrix based on a com-
pound symmetry structure, with the qxq variance-covari-
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ance matrix in claim 25 being repeated d times along the
diagonal of the new matrix and the qxq variance-covariance
matrix in claim 23 being repeated (txd)x(txd) times in the
new matrix.

27. The statistical model of claim 20, wherein the (qxtx
d)x(qxtxd) variance-covariance matrix in claim 26 and the
gxq variance-covariance matrix in claim 24 form a new
(qxtxdxp)x(qxtxdxp) variance-covariance matrix based on
a compound symmetry structure, with the qxq variance-
covariance matrix in claim 26 being repeated p times along
the diagonal of the new matrix and the qxq variance-
covariance matrix in claim 24 being repeated (txdxp)x(tx
dxp) times in the new matrix.

28. The statistical model of claim 20, wherein the (qxtx
dxp)x(qxtxdxp) variance-covariance matrix in claim 27
represents the variance-covariance matrix of the (txdxp)
measurements of the q response variables.

29. The statistical model of claim 20, wherein the (qxtx
dxp)x(qxtxdxp) variance-covariance matrix in claim 27 has
no more than 2xq(q+1) components to estimate.

30. The statistical model of claim 20, wherein the output
of the estimated responses, their differences, and the statis-
tical significance of the differences is used to determine
whether the g regimens are equivalent.

31. The statistical model of claim 20, wherein the output
of the estimated responses, their differences, and the statis-
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tical significance of the differences is used to determine
whether the q response variables respond equally to the
regimens.

32. The mixed model of claim 16, comprising: q corre-
lated response variables measured at the same time-point or
at a matched time-point in a circadian rhythm between
different days; multiple effects including p-level period,
d-level day, t-level time-point within a day; g-level regimen;
interactions of the said multiple effects; separable variance
and covariance components of the q response variables at
the different levels of between-period, between-day,
between-time-point, and within-time-point; interactions
among the effects; a statistical software tool to implement
the mixed model; a computer to receive data from monitor-
ing of the said response variables and to output the estimated
responses, their differences and the statistical significance of
the differences between regimens.

33. The statistical model of claim 32, wherein one of the
q response variables is the baseline reading of another
response variable among the q response variables.

34. The statistical model of claim 32, wherein the number
of days is one (d=1).

35. The statistical model of claim 32, wherein the number
of periods is one (p=1).
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