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FIELD OF THE INVENTION

20 The present system relates generally to Glycemic Control of individuals with
diabetes, and more particularly to a computer-based system and method for evaluation
of predicting glycosylated hemoglobin (HbA |; and HbA ) and risk of incurring
hypoglycemia. '

25 BACKGROUND OF THE INVENTION

Extensive studies, including the Diabetes Control and Complications Trial
(DCCT) (See DCCT Research Group: The Effect Of Intensive Treatment Of Diabetes
On The Development And Progression Of Long-Term Complications Of Insulin-
Dependent Diabetes Mellitus. New England Journal of Medicine, 329: 978-986,

30 1993), the Stockholm Diabetes Intervention Study (See Reichard P, Phil M: Mortality
and Treatment Side Effects During Long-term Intensified Conventional Insulin
Treatment in the Stockholm Diabetes Intervention Study. Diabetes, 43: 313-317,
1994), and the United Kingdom Prospective Diabetes Study (See UK Prospective
Diabetes Study Group: Effect of Intensive Blood Glucose Control With Metformin On



Conmplications In Patients Wth Type 2 D abetes (UKPDS 34). Lancet, 352:
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hypoglycemia, and that can be applied in their everyday environments.

It has been well known for more than twenty years that glycosylated
hemoglobin is a marker for the glycemic control of individuals with Diabetes Mellitus
(Type I or Type II). Numerous researchers have investigated this relationship and

25 have found that glycosylated hemoglobin generally reflects the average BG levels of a
patient over the previous two months. Since in the majority of patients with diabetes
the BG levels fluctuate considerably over time, it was suggested that the real
connection between integrated glucose control and HbA . would be observed only in
patients known to be in stable glucose control over a long period of time.

30 Early studies of such patients produced an almost deterministic relationship
between the average BG level in the preceding 5 weeks and HbA |, and this curvilinear
association yielded a correlation coefficient of 0.98 (See Aaby Svendsen P, Lauritzen

T, Soegard U, Nerup J (1982). Glycosylated Hemoglobin and Steady-State Mean
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20 Supplement 2: B43-B52, 1999).
Contemporary home BG monitors provide the means for frequent BG
measurements through Self-Monitoring of BG (SMBG). However, the problem with
SMBG is that there is a missing link between the data collected by the BG monitors,
and HbA . and hypoglycemia. In other words, there are currently no reliable methods
25 for evaluating HbA | and recognizing imminent hypoglycemia based on SMBG
readings (See Bremer T and Gough DA s blood glucose predictable from previous
values? A solicitation for data. Diabetes 48:445-451, 1999).
Thus, an object of this invention is to provide this missing link by proposing
three distinct, but compatible, algorithms for evaluating HbA . and the risk of
30 hypoglycemia from SMBG data, to be used to predict the short-term and long-term
risks of hypoglycemia, and the long-term risk of hyperglycemia.
The inventors have previously reported that one reason for a missing link

between the routinely available SMBG data and the evaluation of HbA; and the risk



30 hypogl ycemi a from SMBG data, to be used to predict the short-term and
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The i nvewons7hege previously reported that one reason fopcwusie®ssyg | i nk
between the_routinely avail able SMBG data and the eval uation of HbAl ¢ and
the.risk S8f {7@0@ YCoBAR 85 @ﬁﬁe&wﬁm@e@fd methodsyph datiayeledtion and clinigal t he

sophi st | cahAdsHRADEAS iR hiselar SOl Gh AeRithiS b} nenkidised in
di abet es research, e}re1 ilrzlifr-equent*;j s%g%roe teé&g&ﬂ%ﬁﬁﬁﬂ'ﬁi&@?@eﬁm %lcgl% and

mat hemat i cand mathgphatieallycephidtisated statisticall procederedur es. Responding to the need
for statistical panal yse hat ke int.o account the 5 specific

di stribution of Rﬁgoggglg?oﬁlpfgqehg%rrﬁt%p cﬂé‘?@%ﬁé@téﬁw cEOYnt the

t r ansf orsmakpeificodistibetitd GOBIG dlatsC BRGn FENRSY U6 d33hfndiReggKovat chev BP,
Cox DJ, GConder-Frederick LA and W. C arke (1997). "Synmeti zation of the

Bl ood G ucbdesfomeation of therhlowt glueosgraeasersmapipicaled Seakavatgiieatidk é3oxdal.e, 20,

' the. Unl Coaog HPAdRIE shd T ¥ isot Syt oot pER Rl oo The

two scal es MeasurdinestcSdale anelIast Applivytidi, Dibdtes Cate, 20M 655bK5 58N tHat &oBG dsange i s

given in st.references as 1.1 to 33,3 mMM and this is considered to

cover prac ecfﬁl’l?vs' e%@éﬂé{ﬁlﬁ@&ﬁ papgpeed ingpg/dl mthe Unged Riatesy andoimrramakiti ons of

oo R RS LSS gt g AR T ! o

Conpl i cat i o¥d. dhe entena|BGhradgp éngleen inDnadie¢feenddsl dsilt L. 33NemMEragldahi igd our nal

of Medicine,.329,. pp. 978-986) the target K BG range.- also known as the

eugl yceni ccor}sé%&eqtofcg?{erd’rﬁczlrcg a@ﬂ?ﬁ?rm%a‘@é‘feés Aicggrg?@ P&he 0 mv hypogl yceni a

occurs whepecbhendd@atidndlof het BCOW (SeLDIMT RELaRN RS ¥1068) Bhd Brrekiadr t he BG

ri ses above clO, nmv 1Unfoort unat el(g,z 3t his scale is 1€ri?u?rl\e\rimcal ly asymmetric --
n

t he hyper giipensivecltegimgat efilpiabeteoOn3ke Banglopmentiané Pragressiontnd Lopgokaryceni ¢
range (.1 1 | ' ] 9. 10 1 I,S ~not
center o weefyphedfh of Biih Pepllidh  BRBles MARGE, Mo i oy
I nt r oduci nfedicinead29,praFi8ia86) te(tB@rt BGivange + slsaikae®wt hahe ¢aglyoadic on
defined on the BG range [.I..1,, 33.3], havin he two- paraneter anal yti cal
form f(BG2& ¥)? p—ﬁri%(‘l‘{‘fﬂ‘( ‘é@b‘)t?msk;%t]o,lod?ﬂ% %ygogjycegga Qﬁﬂn%\/mh@hﬂ?aél@sf i es
the assumpEiRMRIow 9 nhiBEnPhibetd)cemih (slwherPthe BY rigdGibove 10 mM.

Unfortunately, this scale is numerically asymmetric -- the hyperglycemic range (10 to

20 33.3mM) is wider than the hypoglycemic range (1.1 to 3.9mM), and the euglycemic
range (3.9 to 10mM) is not centered within the scale. The inventors correct this
asymmetry by introducing a transformation, f{BG), which is a continuous function

defined on the BG range /1.1, 33.3], having the two-parameter analytical form:
J(BG, o, ) = [(In (BG))* -B], &, >0

25 and which satisfies the assumptions:
Al: f(333,a ) =-f(1.1,a ) and
A2: f(10.0,c, B) =-f(3.9,, B).

Next, f(") is multiplied by a third scaling parameter to fix the minimum and

maximum values of the transformed BG range at - V10 and V10 respectively. These
30 values are convenient since a random variable with a standard normal distribution has
99.8% of its values within the interval [-«/_O s \/ﬁ 1. If BG is measured in mmol/l,

when solved numerically with respect to the assumptions A1 and A2, the parameters of
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Transi ti ongBeNeidnd (Reheriwi e shlsp siligeite Saue s il BoDInMeL Momputddahat es, 48:
symmetrical to the Low BG Index manner, however this index did not find its practical
application.
20 Using the Low BG Index in a regression model the inventors were able to
account for 40% of the variance of SH episodes in the subsequent 6 months based on
the SH history and SMBG data, and later to enhance this prediction to 46% (See
Kovatchev BP, Straume M, Farhi LS, Cox DJ: Estimating the Speed of Blood Glucose
Transitions and its Relationship With Severe Hypoglycemia. Diabetes, 48:
25  Supplement 1, A363, 1999).
In addition, the inventors developed some data regarding HbA . and SMBG
(See Kovatchev BP, Cox DJ, Straume M, Farhy LS. Association of Self-monitoring
Blood Glucose Profiles with Glycosylated Hemoglobin. In: Methods in Enzymology,
vol. 321: Numerical Computer Methods, Part C, Michael Johnson and Ludvig Brand,
30 Eds., Academic Press, NY; 2000). |

These developments became a part of the theoretical background of this
invention. In order to bring this theory into practice, several key theoretical

components, among other things, as described in the following sections, were added.
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customarily storing 200 250 BG readings, as well as methods used by emerging

continuous monitoring technologies. Given this broad definition of SMBG, this

20 invention pertains directly to the enhancement of existing home blood glucose
monitoring devices by introducing an intelligent data interpretation component capable
of predicting both HbA . and periods of increased risk of hypoglycemia, as well as to
enhancement of future continuous monitoring devices by the same features.

One aspect of the invention includes a method, system, and computer program

25  product for evaluating HbA . from a predetermined period of collected SMBG data,
for example 4-6 weeks. In one embodiment, the invention provides a computerized
method and system for evaluating the HbA | of a patient based on BG data collected
over a predetermined duration. The method includes computing weighted deviation
toward high blood glucose (WR) and estimated rate of change of blood glucose (Dr)

30 based on the collected BG data; estimating HbA | using a predetermined mathematical
formula based on the computed WR and Dr; and providing a predetermined confidence

interval for classification of said estimated value of HbA ..



of predicting both HbAlc and periods of increased risk of hypoglycem a, as
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20  weighted deviation toward low blood glucose (WL); determining Max(wl) by

calculating maximum value of w/(BG, 2); determining risk value by taking the
geometric mean of WL and Max(wl) over the predetermined duration; providing a
predetermined threshold risk value; and comparing the determined risk value to the
threshold risk value.

25 These three aspects of the invention can be integrated together to provide
continuous information about the glycemic control of an individual with diabetes, and
enhanced monitoring of the risk of hypoglycemia.

These and other objects, along with advantages and features of the invention
disclosed herein, will be made more apparent from the description, drawings and

30 claims that follow.



20 wei ghted deviation toward | ow bl ood glucose (W); determ ning Max(w ) by
cal cul ati ng maxi num val ue of w (BG 2); determ ning risk value by taking the
geonet ri ovoeare208 W and Max(w ) over the predeterm ned decausemossw ovi di ng
a predete . and conparing the determ ned risk
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threshold is crossed, the method indicates a subsequent high-risk period (gray bar).
FIG. 6 is a functional block diagram for a computer system for implementation
20 of the present invention.
FIGS. 7-9 are schematic block diagrams of alternative variations of the present

invention related processors, communication links, and systems.

DETAILED DESCRIPTION OF THE INVENTION

25 The invention makes possible, but not limited thereto, the creation of precise
methods for the evaluation of diabetics’ glycemic control, and include, firmware and
software code to be used in computing the key components of the method. The
inventive methods for evaluating HbA ., the long-term probability of SH, and the
short-term risk of hypoglycemia, are also validated based on the extensive data

30 collected, as will be discussed later in this document. Finally, the aspects of these

methods can be combined in structured display or matrix.



20 of the present invention. FIGS. 7-9 are schematic bl ock di agrans of
alternative variations of the present invention related processors,
comuni cavd on7d20:ks, and systenms. DETAI LED DESCRI PTI ON OFpdHiESO INBINTI ON 25

The invention nakes possi bl but not Iim hereto, the creation of

precise nethods for the evm%#&@g&@—w i 1-at1 ycenmic control, and

| ncl ude, i miarecadthg ekd M0eRoROMEoy Of B WifflokBafHIBYL KIGalhE BY
s for c, e
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also valid % ' dat a~30 col l.ected i1l b
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(towards hypergl ycem a?l are conputed. The 0 degree of weighting of these
devi at i onsTSAP¢ lvﬁlé(alsé?ﬂ ®¥ented by paranmeters a and b respectively as
follows: W (BG = 110Q. é% &t QO and .0 ot herwise, and w(BGb) =
10.f(BQb if f(gg%gg);nd} opﬁe#W@Lgﬁgigpf@EyISFs he BG symmetri zati on
function presenwe®G b +h&) MBCKOifofBG)s@akd @BtherviBe, The wei ghting parameter a
and b coul d, be fere or the sanme for the left and right deviations.

The invent yhere fpHs gﬁ%(}%@“&fé‘iﬁﬂ%{l lﬁéﬂcé‘ﬁn Preaented i Bp breldroynsisepieret i cal
appl | Calsl O REARBALark e Al BRI dlireiind, Sr HASARRIBIHE Fn Yl gy used f or

conput ation of the Low BG I ndex) an ven a series o i ngs x1,
x2, ... xdeviatione Ehednegmonselagharaty sdedéradrisoaed tlomt thecogtifhdl fongstadtivat he ri ght

of the cli gﬂp?f%&tiocneﬂlz}rgr{letgg values are a=2 (which is the parameter value used for

computation of the Low BG Index) and b=1. Given a series of BG readings x;, x3, ...
Xn, the average weighted deviations to the left and to the right of the clinical center of

20 the BG scale are defined as:

n

1 n
WL = — wl(x,;2) and WR = —I—Zwr(x,. ;1) respectively.
- n

i= i=]

These two measures of BG deviation do not depend on the timing of the BG readings,
and therefore are stationary. In order to capture the dynamics of BG change, measures

of the BG rate of change are introduced as provided below.

25
Computation of BG risk rate of change

Let x;, x5, ... x, be n SMBG readings of a subject recorded at time points
!}, ty, ... tr. This data is next transformed by calculating the numbers f{x,), f{x2,) ,...,
J(xn) and draw a cubic spline S(?) passing through the points (¢;,/(x;)), (t2./{x2)) ...,
30 (tnf(x4)). Thus, the function S() is a continuous function defined on the whole
interval [t;, t,/ and such that S(#;)=f(x)), for j=1,...,n. Also calculated are the set of



20 the BG scale are defined as: W =1 wW (x; ;2) and WVR = 1 E w(x1;1)
respectively. n ;=1 n i=1 These two neasures of BG deviation do not depend
on the tiwoongrnbsthe BG readi ngs, and therefore are statpPonasyLooksy or der
to capture_the dynam of »BG change, neasures. of the BG rate of change
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points (tiALxl)),~2, f ) cey 3 t" ") ). Thu t he, function S(t)
is a contiy oé%}'%’u(f"l’ct(%’dw( ﬁ% i(%feyd)’bﬁ“taﬁlgd %Fbgl)j\f[‘ﬁ%}beﬁ?g?tsﬂ gouplas Gind such
that S(ts, ) sdcfothdt,s, ¥ 6f.; pmdby My, theRet NafiRoaples U}, auadihar & < ke, set of 9 WO
01/ 72208 PCT/USQ1l/ 09884 nunbers Sk =10. S(k+ tl)2 for k=0, 1, t" - ti,

thus getting infFepPoIleReDr be theaverage abthe mumbessrer erfernrevidedibat Ceensi der

all coupl eg, of, lﬁpg w th.consecutive indices: =(so, sj),, Cl=(si, s2)
, CZ:(SZ,S%"'.".@&. ”. %%S%Q%rﬁ%‘f%f g ,%B’isﬁé”s'g’f'% V@F‘i‘“&%ﬁ&éﬁe@ Mdn- 5 such
that sk > Sk+1 @helniibdd DrDReanddr sbvidk b ntbint €8r thk raté UE BhdnBabf BG if aSK+r
Finally, let DrDn be the average of the nunbers sk+1 - Sk, provided that Ck

E Mid, andspaes.’t ae- the sptagEchmee pthsuisk@psocikedrwith ey Borlovélgbangehat Ck E

Mup+ Md,n. 1T, EHH’@; VI r or the rate of change

of BG il’r? ah'l' %!Iﬁét épafc)zl,d%aeg}geg[l%hlgerogtgea%@5?8@?@?%%@0? T SKV&sSoci at ed

wi t h any BOBrDevehluathshee quickly tha riakldodld dncredse RhenBab falleswhikeDF ai £ of BG

change only when oes down, i e. eval uates how quickly the risk

could incr é}gg%lrmgtﬁe %@@HW@IMFW@B&%@W%&@&%Jﬁés ’g‘fth?wsmrthﬁl _

vul ner abi | pbpr ofill BSabclatddGhRHSIOR? h h(?gl&&:lﬂih' i?gﬁﬁemfgt)gﬁj fulaﬁée collldPn wil |
chg a (1T soneone’ Iogg

be associated with risk for hypog ne's 0 ucose coul d
fall qui ckfall quigkdy,hésherirssk folypoglysghiacemild babighdr)behiie govill,bewhi | e Dr wi | |

be 15 soci at.ed ,W. the overall s ility of BG Software code (presented
in SPsScoRtParet 4 gﬁgyerﬁ%é{a‘ﬁlﬂ%?%gg'for when the BG readings are in
mmol /L, and in this case the

Software code (presented in SPSS control language)

The first is for when the BG readings are in mmol/L, and in this case the
variable is BGMM. The second is for when the BG readings are in mg/d], and in this
20 case the variable is BGMG.

If BG is measured in mmol/L, each BG reading is first transformed as follows:

SCALE1=(1n(BGMM))**1.026 - 1.861
RISK1=32.185*SCALE1*SCALE1l

If BG is measured in mg/dl, each BG reading is first transformed as follows:

25 SCALEZ2=(1n(BGMG))**1.08405 - 5.381

RISK2=22.765*SCALE2*SCALE?2

Further, the left and right weighted deviations are computed as follows:
WL=0WL=0
IF (SCALEl le 0.0) WL=RISK1
30 WR=0
IF (SCALEl gt 0.0) WR=sqgrt(RISK1)

10



variable is BGW The second is for when the BG readings are in ng/dl, and
inthis 20 case the variable is BGUa If BGis neasured in mmol /L, each BG
readi ng ivodi/r=os transformed as foll ows: SCALELl=(| n( BGUWPQTAS0102684- 1. 861

Rl SK1=32. 185* S y .1s nmeasured in [.dl , each BG ding is

first transfor g@éﬁd §1$€%1F%evéér a?éngg@i@gzlyﬁ?%q%? OrOaéﬁbtg %‘?%@f

RI SK2=22. 7wmmérﬁaﬁk,-e BGr ratesof chadpe ik ebrap u’ﬁlediail g;]t wei ght ed devi ati ons

are corrput =O | F (SCALEl1 le 0.0) W.=RISK1I 30 WR=O | F
5“ ? %}@i ’\rAﬁ?ﬁ(%f 10 WO 01/ 72208 PCT/ US01/ 09884 Provided that

(SCALEL g
the BG rea‘éﬁD@gg are equally spaced in tinme, or are interpol ated at

one- hous i nelsefents, o tNenBG. gt &)0b s2apge is conputed as: Dr =

Rl SK1(BG) - RI SK1(BG.1) DrDn=0 5 IF SCALE |e 0.0 _and Dr gt O) DrDn=Dr

Final ly, an aggri@ghv.iagregieeationpass Brough al G readingsdor # swbject aviljpeeduce | |

pr oduce: V\L = mean (W) WR = nmean(WH) Dr = nmean (Dr) , and DrDn =

mean( Dr Dn)WL19 neankéle for the Eval uation of HbAI, A preferred enbodi ment of
invention is illustrated in

HbAlc eval gtl on rret hod 100 according to the
FIG 1. Fitesr (¥ep 102, SMBG data is collected over a predeternined
peri od of me. For exa he SMBG data is collected over 4-6 15 weeks
with a fre% endy 81“)@ 5%%§§uré‘}?é‘ﬂf%r Bér day, of which are transformed
by thgpcode or fornulas presented in the previ ous section. Different

fornmulas are to be wused if the BG neasurenents are stored in ng/dl, or in

mrol /1. One skilled in the Method for the Evaluation of HbA,
A preferred embodiment of HbA, evaluation method 100 according to the

invention is illustrated in FIG. 1. In a first step 102, SMBG data is collected over a
predetermined period of time. For example, the SMBG data is collected over 4-6

15 weeks with a frequency of 3-5 BG measurements per day, of which are transformed by
the code or formulas presented in the previous section. Different formulas are to be
used if the BG measurements are stored in mg/dl, or in mmol/l. One skilled in the art
would appreciate that various levels, durations, and frequencies can be employed. In a
step 104, weighted deviation towards high blood glucose (WR) and estimated rate of

20 change of blood glucose (Dr) is computed using the formula / code discussed above.
In a step 106, an estimate of HbA ; from self-monitoring data is computed using the
linear function: EstHBAlc =0.9008*WR - 0.8207*DR + 6.7489. It is noted that the
coefficients of this function are derived from data for 867 individuals with diabetes,
and one would recognize that further data accumulation may update these coefficients.

25 Instep 108 HbA |, estimate categories representing a range of values for estimated
HbA . are defined according to Table 1.

Table 1: Defining categories on the basis of EstHBAlc:

EstHBAlc

<7.8

7.8-8.5

8.5-9.0

9.0-9.6

9.6-10.3

10.3-11.0

>11.0

Category

1

2

3

4

5

6

11




woul d appreciate that various |levels, durations, and frequencies can be
enployed. In a step 104, weighted deviation towards hi gh blood gl ucose
(WR) and veabpi/maved rate of 20 change of bl ood gl ucose (Dr}chsmmwt ed

usi ng the fornujpastéy ?Wﬁreﬁicﬁa‘a‘{%ﬁﬁgerﬁg‘?%@rva | ¢ Qor?ésﬁﬁ cilxgg tdeH%cF of
HbAlc from sel f- nDnltorlng data iIs conpute usi ng |ne unctlon

Est HBAl ¢ =agogipamtoifable 2. 8207*DR + 6. 7489. It is noted that the
coefficients of this function are derived fromdata for 867 individuals
with di abetes, Tabid2oPedinted %% eardfilehecintdredls farrcldssificatidneofd@isayul ati on may

nt o 25 | t D8 I—lhA’I
A-S np 1 C r-a_t_eanrlps

updat e t hese—eeefietent
representi r‘r_;ateéo%me lof Yal des flor dstifmteéd HbAl & are def$ned |accdr di g
Al C

to Tabl e I'gdAPI €| I & IR0z GTELON N STy :
e L N R A R g R T A S gorly 115%3]4 5
6 7 11 WO 01/72208 PCT/US01/09884 In step 110 predicted confidence

intervaks for Clhrsltéiﬁmntiier@tdﬁ%liq{tﬁl?ﬁ@ﬁf dtéﬁ?ﬂ% @%ﬁgrﬂs‘dﬂﬁ oh@ofrf'H%' e 2. Table
2. Predicted 95% confidence intervals for classification of

Cat egory 1°%cegrigs progided ipjbable 1<and /or §alle2.8.5 8.5 - 9.0 9.0 - 9 5 9.5 -
10.1 10.1-11.0 > 11.0 5 In step 112, the estimated HbAlc fromstep 106 is
assigned in one of the categories provi ded in Table 1 and / or Table 2.

Enpirical Validation of Eurlinsl Validafontdivaludtien bfiliBAYal s for HoAlc in

Tabl e 2 are bas on ext ve [ h. To yalidate 10 these intervals we
anal yzed SMBG ﬁge AR go@-{sﬁab‘ﬁ”FBhfgg‘?SﬁPo ased en GXieAsiYg Kpearey . To palidatg pj ect s
wer e i ngt ryedeadterRldas amyfe%rmw@mqwca tatom %@ﬁgmeg@%h%ag%ﬁgur e

their BGtw to four tines a day. During'the sane perrod 5 to Alc
assays weré11 Sp@ﬁﬁ@ W@E@lnstwct@h@kuss 6} memoryTmetenefosix menths antbtbanewne

el ectroni c an red n a _co further analysis.
This proce ﬁlrr )eéépi)g%%{? ed" tgmﬁ%l? Was urRs SR?IEF Rgﬁ%‘s r%rfﬁ éﬁbﬁdﬁa%@@ BH6 svBG
readi ngs apeifodmédCortdadh sutiectaYhe indkRby et dﬁﬂaXner@EI&EﬁF@mceﬁ{}ado‘s(ﬁiléa&ﬁ

vari ance was conducted to conpare HobAlc in the seven categories identified

in Tabl e 1andpfged i%cw@@bﬁor aythge pralysighThis progadure prducsd ailstheasent , with

F=91 and ReReRARY o HaA208/000 SREBGYEIAYR A GB0RSA Sl LRANbL S i ferent

months. Analysis of variance was conducted to compare HbA . in the seven categories
identified in Table 1. The five categories were highly significantly different, with
F=91 and p<0.00001. Moreover, the average HbA . was significantly different for
each pair of categories as demonstrated by Duncan’s ranges, with p<0.01.

20 Also, 95% confidence intervals were computed for the mean value of HbA . in
each of the seven categories. These confidence intervals were used as a basis for
computing the HbA . intervals presented in Table 2. Post-hoc analysis of the
classification power of this method demonstrated that the method was well protected
against extreme errors such as incorrectly classifying HbA | in category 1, 2 or 3 on

25 the basis of SMBG while the actual HbA |, was greater than 9.5%, or classifying HbA .
in category 5, 6 or 7 while the actual HbA . was below 9.0%.

In summary, éfter an initial 4-6 weeks of SMBG readings the computerized
method computes an interval estimate for the value of HbA | that can be used to track
patients' changes in glycemic control in the high BG range.

30
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each pair of categories as denonstrated by Duncan's ranges, with p<0.01. 20
Al so, 95% confidence intervals were conputed for the nean value of HbAlc in
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frequencies ca R! I n 204, and DrDn are conputed using
the formula / cggg%fgﬂgsﬁésgw&ss%?%?\?gp'ﬁr127\s{\%Ep 206, an estimte of the
nuber of ftus noted St theicseffiefentsSof thie Fnttiod atsddiell honl da1gddr fguncti on: Est NSH
= 3.3613*W. - 4.3427*DrDn - 1.2716. |t is noted that the coefficients of
this functndhvigyals with diabates.ragehopa vouldappieriate thetifupthgridata aggummlaticbet es, and
one woulsd RRPkEEl Wt her | t hese
coeffi cisent s.p ? f%t?gﬁ%ﬁ%%‘;lgﬁ%t gtds ﬁ'ﬁg%r W@%&@%ﬁgm Blﬂaﬁ;\;?ﬁégé’ééggiéﬁgl e val ue
estimat e fwoalu¢ bstinmaserfve theodurhber of EutGid SHpepisalies aad chat heoughhudditgnabddi t i onal

nmet hodol ogi eg, di scussed | ow, categories are provided with ranges and
conf i dencemfgvggég’feﬁ’rasgﬁﬁ‘fﬁ?%ggd@w frtegqries 3p proxided vdth rppgesad oo,

estimat ed gyHHIBAcedbvels for enhanced clinical applications. In step 208, estimated number of

SH episodes (estNSH) categories representing a range of values for estNSH are

20 defined according to Table 3.

Table 3: Classification of EstNSH:
EstNSH <0.775 0.775 -3.750 3.750 - 7.000 >7.000
Category 1 2 3 4

In step 210, respective to the estNSH categories, the probability of incurring 0,
1-2, or more than 2 SH episodes in the following six months is derived, as represented

25 intable 4.

Table 4: Probability for 0, 1-2, or 2 or more SH episodes in the subsequent 6 months:
Category 1 Category 2 Category 3 Category 4
0 SH 90% 50% 25%
<20%
1-2 SH 25% 25%
10%
>2 SH 25% 50% > 80%
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SH epi sodes (estNSH) categories representing a range of values for estNSH
are 20 defined according to Table 3. Table 3: Cassification of EstNSH E s
tN S H <wWo#¥mn208 775 - 3.750 3.750 - 7. 000 > 7.000 Cat egpcy/udordosss | n

step 210, respe cate i.es, .the probabil|ity of incurring
0, ?-2, or rrggeci 2ﬁ2 a?l—lg %@%Bﬁ?‘ ﬁ’iept flﬁlqs%}ﬁﬁleﬁ’gg)“sl"%erﬂfnflﬁ)slcqt%g%’éﬁ|ved
as repr esepioaitied25 TubleBadg ofi TaBiehl e 4: Probability for 0, 1-2, or 2 or
nore SH epi sodes in the subsequent 6 nonths: Category 1 Category 2
Category 3 Cat egory 4 0 SH 90% 50% 25% < 20% 1-2 SH 25% 25% 10% > 2 SH
25% 50% > 80% ¢ \ StNSH from

step 206 is assTQ e 3 and / or

Tabl e 45 Enpiri ©ak- h\iadlned&igm;ﬂoﬁé adiﬂﬁlwl&t Take palabéws @magssmﬁmbabl lity
for SH 5 e- hung‘g Bﬁt hty one adults with Type 1 di abétes (nmean age 37
1a

years, duff%gfighe Years) gsedompmpry imetgrsita gpHsct mare thant34, QQQI SMBG mor e

than 34, 00 e rded
in diari esg\éer?%rg%r ?g%cgﬁ%exﬁgﬁémgfﬁ ? ?éfe\(}vzlj% éla%%]%i@ﬁna‘{cl ca'il(fe ot

t r ansf or me8Hadde SMBGI datresiere neaghersatioally tremsfedmedemd uaedidear wgﬁs:&m@h ggt gr e
severe h cem'a sul n a highl nificant 10 (E=

p<0. oooﬁlpg’%géﬁr%ﬁ t‘1 @FP%&W“' Sqyere &RS{%V&F 13 geyltipg gg%}n%ﬁ dSlngﬁSam,

cat egorigesmedélng= Bdﬂg ;N(ﬁ@‘(ﬁm an®PRdttiE Ropdsegret hod. The average number of
future SH epi sodes in categories 1, 2, 3, and 4 was 0.3, 2.0, 5.0, and
9. 75 respect i ve{“@l1 Suhh?ﬁtlswéqf%Clé$51ﬁ¢ﬁrllnm1‘beatmEﬁgslnattmrmeghlqu tsmgSHf i cant
differ ence WeEN, |

| i near | nat i on Of@%%%u{iﬁ%?%ﬁ SPFC é’dﬁf gelggggﬁl O#gp uwgméa;g :

nmeasur ed i 0.37 2.0sk 0spack75 mpnctldelyam\ramwcﬁtvanmeféﬁﬁﬁmatéﬁ hffghl?y | ong-term
risk

significant differences between these categories, F=19.0, p<0.0001.

15 In summary, a linear combination of the Low BG Index and the rate of drop of
BG as measured in “risk space” provide an accurate assessment of the long-term risk
of SH. Because it is based on SMBG records that are automatically stored by many
reflectance meters, this is an effective and clinically useful indicator of patients’
glycemic control in the low BG range.

20

Method for the Evaluation of the Short-term (within 24 hours) Risk of Hypoglycemia

A preferred embodiment of short term risk of SH evaluation method 300
according to the invention is illustrated in FIG. 3. In a first step 302, SMBG is data is
collected over a predetermined short term period. For example, the SMBG data is

25  collected over a 24 hour period, with a frequency of 3-5 BG measurements per day - 4
or more readings, as a nominal level according to data analyses. One skilled in the art
would appreciate that various levels, periods (durations), and frequencies can be
employed. In a step 304 WL(24) and Max(wl) is computed from all readings collected
within the preceding 24 hours, wherein the maximum value of wl(BG;2) is Max(wl).

30 In step 306, the risk value is by taking the geometric mean of WL and Max(wl) over

the 24 hour period, wherein said risk value is mathematically defined as:

Risk(24) = \JWL(24) e Max(wl) ;
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of SH. Because it is based on SMBG records that are automatically stored by
many refl ectance meters, this is an effective and clinically useful
i ndi cat owob/prds ents' gl ycem’ c control in the | ow BG r angeus@@obéet hod for

pr of or redembodt i <45+ ERePPR Bk dopmanety & v S nPrertibacaboc
accor di ng taué ﬁe:ohipaﬁ:ralttb@lli‘e uhSeshblhufskrvahed FoPexdanple, 3f theNh@sid1d Sikk %5169 302,
SMBG is data is | | ect ed over predet ernined short term period. For

exampl e, t ﬁe‘ets?s’éé paf Rigk(39)>d) F@@t‘b@ﬁeéoéﬁhﬁ‘asmqwdﬂa cplgctasichventheh a
frequenc re readi ngs, as a
nomqﬁal I>/e Sf%é‘g%g? | ngstﬁs) ata ana{atlgggsa%h rﬁ eopa’tlﬁn lH‘élﬁgpg woul d
applr eci gt elmmmnt/hypoglg&emm/d;fl&:hepg«rolrdu;lmn{ dw@biswhsﬂuaklgg?ulfeftmluﬁxmdﬁg can be
enpl oyed. | ste an is conpute romall readings
cglp | egt ed 2 %41?18 Wé O;AS‘ rs&téé Cfi‘&i Jllﬂ\\/‘gﬁfﬁ hether this nngims hkslyrio precedesn of

w (BG 2) i ﬁn&{ﬁféﬁﬁ’ﬁ%{fgg@eﬂﬁh &Hesﬂ@'thfegﬁﬂﬁ 'v%lﬁe%?lﬁ?s aél\}gé f}o\%ﬁarpg the

geonetric nean of and Max(w ) ove hour perio erein said
ri sk val ueextsllsﬁ@tdﬁe&m,lmelvyr ata$ ravegniast thid 1$l€(]ﬂ)4$lbl-‘€ iR valubtdyde) ; 14

WO 01/ 7220 884 ste drisk value is
det er mi nedgdy]ln s‘fvgg% T ARETR éjg%r(?rg-r?flalle a#gblé‘c‘) dred to the
t hreshalod ri sk val ue. For exarrpl e if the threshold ri sk value is.set at

17, then if Ri sk(24) >17 then--based on the SI\/BG data col I ected over the
previ ous 24 hduprirical : aluaties 6 NPri-torm o) pdglydemigie pat i ent

incurring 5 i g %i@? rds, .this
deci si on- maki ?;Eilkﬁweﬁt Hﬂgslé%ﬁag gl‘resrleaufe o‘}tljé)l a(aeer:rlng%fnol}t ‘%Rfs‘@la‘éﬁ and
j udges whediabetes dlirscspend thoogh ditekedefertats. p]?l&oﬁd&s@ﬁl criteffaiviteétt]) hgpoegb cem a

epi sode. T thr hoI ue of 17 is derived froman, extensive data set,
hgwever F(?V qﬂ%’eﬁ?zﬂlﬂ} 3t lpast fyvpsusap ‘g’fﬁq‘l%{’c apg, i%g“l}%PEF‘e“W e

adj ust e Wlu"n@ of Hi’aﬁﬂ@sﬁs 3G qHIRM 3t d R Imehedl 81 ‘i)srodtaé)irn tﬁﬂpbﬁ ggeﬂ‘a%nd) Rbfine/es. 10

Enpirical Validation of Eval uation of the hort ter pogl ycem a:
Ei ghty-fi vese Qf&MBGuhNBJGS!@Teha’@m mdandtdringr Ghgpartidipents veenistruéted to use

newsl etter es c and hro rect r rra T e inclusion
criteria V\glFeneq%%b e&a °§%°8F n IE?‘%'FVp(garlleS(ﬁnX ‘?/qsef HREding a5t t wo
years dur athe@Ract dﬁtés laﬁl@tiinleél oﬂﬁﬁlr%b&frﬁbnbébe SH was defined as severe

neuroglycopenia that results in stupor or unconsciousness and precludes self-treatment.

20  For each subject the study continued 6-8 months and each month the subject’s meter
was downloaded and the SH diary was collected. The memory capacity of the meters
was sufficient, and the downloading was often enough, so that no BG data were lost.
No changes were made in the participants’ diabetes management routine, nor were any
additional treatments administered during the study.

25 During the study a total of 75,495 SMBG readings (on average 4.0+1.5 per
subject per day) were downloaded from the participants’ memory meters, and 399
(4.7£6.0 per subject) SH episodes were recorded in their diaries. An important
finding, among other things, was that episodes of moderate or severe hypoglycemia are
preceded and followed by measurable BG disturbances. In the 24-hour period before

30 an SH episode the Low BG Index (e.g. WL) rose (p<0.001), the average BG was lower
(p=0.001), and the BG variance increased (p=0.001). In the 24 hours following the SH
episode, the Low BG Index and BG variance remained elevated (p<0.001), but the

average BG returned to its baseline.
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15 tinme of diagnosis; 3) at |east 2 docunented SH epi sodes in the past
year; and 4) routine wuse of SMBG devices for diabetes nonitoring. The
partici pamdsi/ye&oe instruct ed to use the nmeter 3-5 tines PCTOaR)1/@BSK t O

record in nonth di ar SH e i.sodes, i.ncluyding e exact dates and
tinmes of their i%éIE}PF é—gr\ﬂﬁl%‘ ?Jé?l?rﬁﬁﬁtaé‘é’n§ 9&@"%&9 gisfwbanseni a t hat

resul ts i nobderdbefire uﬂ@@m@r@n@f;@ewsf@n@lremyﬁsglys'éﬁlaS%ihet;{e?i%ﬁ%% b 24 20 For
each subj ect t he study continued 6-8 nonths and each nonth ject's

meter wasRMRAEEEIEE SEhepisasde, @}F{aM*Pfag%/BﬁdSVQidb¢re@ﬂeé@ndﬂkﬁevamnm<yf I&@lpam ty
of the met t I s .of ten enou SO
Chat oo BG ﬁ%gﬁagé%PZH% %43 ﬁb@}#ﬁgoﬁquegﬁte\?\g%cgfg%ﬂgngﬁﬁ%w%% ﬂ]e(ﬁvsl(;ngs.
didabet es rTBg?algwiEﬁM)pp’edlfhmm ,andld’fze \\mﬁ.ﬁceaéf)B(r}]adﬂlﬂuSQ lﬁ@inct'da@?t Hif&ﬂé7 %4-2(9)? SVBG
adm ni stere u 5 During t estuyatota 0]

19% ﬁeihsew

readi ngs (Bff! e, the pyesege Blalevehpormplized db%hec%@ed fromthe
partici pan{f&lan@@if@x'ia}{né@ér%tﬁﬂ inefddsedd Both fhezd@exggpﬁh m%%aﬁ egcp es were

recorded in their diaries. "An 1 nportant findFng, anong o ngs was
t hat epi sothel b@Selmdl@rehSt\EIﬂnn%dmerseafhyﬁmgS}yemm@ are pr eceded and fol | oned

b ble B b d bef SH
e%i gggzu': ﬁe EOV\? g%a?%?gggle “Wf? “P‘béﬁ ‘élf)@g’a@ S)rlgrgﬁeﬁg%dgﬁgg ar%g was | ower

(p=0.00m) qmdﬁbdilﬁoBQSMBG aas @ bbbIARS 8ehIIATA U shokOteb I §isR b hour s
following the SH episode, the Low BG I ndex and BG vari ance renai ned

el evat ed (Papsbeemia. lhe qeff value ph§iskEe) T bt isdatved fiomtan dpsiswdtive.ala® WO
01772208 Pflly g‘llﬁg%/ g%gsg’r[%ctlo r{hé gl%g'g]d h'aﬂl % réda ra?cpmhlllr%g)lercgaférgg?f ggat lon of

a typical BG ance o0 rve ore a gerPrante vere
hypogl ycenegisodes, itehto qdemtlftydts 4i8ky & m2timinn lperi:eiilﬁ@@bmét heurSldriefs preé&ling he
aver age BG evel| . decreased and the V?I’I ance_of increased. In _the

24-hour perhotd PR reYent OveprsEERPRg! t thg sk the H}eé}&ﬂ]é‘a itp ddesify asgasks ™G | evel
dr opped, Sf Uﬁfop@ﬂhaﬁm/o b ﬁle\/tafal ﬁﬁ'ﬁ%f afe sﬁﬁgc(gﬂé E%“@@e&l?oﬁ QG%Q?&?E’TPJ: Bufoli®

24-hour period follow ng the SH episo average B normal i zed,
but the BGQiskealueoick Wesrhftldednm&lrlayl subjectsaJbd reaBot fDrtcheosalw@ﬁmgehiBG and

SH e, sodeot HE SRR P ab{ PylenTEom Rowmine i Hevah g BRRVEENSS BEent od
in FIG 4 afBe avaanquafaﬂhém ahofing MrEMBGEmEt 3n bRcBOA R HALERS Iﬂgf@%%tdaﬁ” of the
short-termrisk of ? ycem a. The cutoff value of Risk(24)=17 is

e

derived frMschan gléqrpﬁqe ratueslspendingpon the severity of the patient’s dlabetes and
20 particular objectives.

The following example illustrates the action of the algorithm on the SMBG
data of two participants in the study. FIG. 5 presents ten weeks of data for Subject A
(upper panel) and Subject B (lower panel). SH episodes are marked by triangles; a
black curve presents the risk value. When the risk threshold (the horizontal line at
25 Risk=17) is crossed, the algorithm indicates a subsequent high-risk period (gray bar).
For Subject A, 7 out of 9 SH episodes are predicted and there are 5 false alarms, e.g.
high-risk periods that did not result in SH; for Subject B there are 3 false alarms and
the only SH episode is predicted. It is obvious that Subject B’s risk values when
compared to Subject A’s risk values, include more and higher deviations. For both
30 subjects, all SH episodes were accompanied by supercritical risk values, and about half
of all large deviations were accompanied by one or more SH episode.
Across all participants in the study, 44% of all recorded SH episodes were
preceded, within 24 hours, by a high-risk period, and 50% were preceded, within 48
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the followng restrictions: 1) the nethod had to predict a maxi num
percentage of SH episodes, i.e. to identify as risky a maxi num percent age
of 24- howoperiegls preceding SH, and 2) to prevent overeBtTnséi/sssf the

risk, the had d, to, i den S ri hat 5%of e total

tinme of the% % hﬁghélsﬁgyn%& mt@?%'o‘??r’é?ae%é%&)‘% eaéh% (:S’I‘rtat eastAS b:(Je of 17

was hel d leesiuaﬂheﬁt@bveﬁd donsideie@Cthé acclitgey’ &Qﬁ@l&ﬁéﬁﬁre&i@ﬁ’%in‘&ﬁba&é@to\@we of
event the patlentsfrombecomnglrrltated w th an

15% was to ?th
over abundaffiide> O, respestizely ost-heo a@h@l%qfé?ﬁllwbrqcﬁgmn@menw arms." In

practi ce, n val e dependlng on
the severity g‘?lhé ea%eg{l?éﬁ%ﬁfgﬁé&# ‘%gt‘ae‘?ééﬁﬁ&zﬁnﬁ‘gﬁ ﬁ'lfil §E{ e(%i S’t 1%es. The
fol | owi ig dwrangybeimikdiatetyaifes filkealawis, demofhstidil thhtghe htdiagedser bileVBG dat a
of two participant t udy.. FI resents ten weeks of data for
Subj ect A ™ BB‘Q? f;%’ﬁgll%é]gﬁ jzéé’lO%B’“(ﬂ haerspanet)-/ neppldftsiddes are
mar ked by f(ym 60 5 alpnomﬁ@tsrfaug 5§ MACIRARR NS tﬁtgocreg it Y&ﬁdafﬁ vhen the risk
threshold (the horizontal l|ine at I'S Ccrosse e al gorithm

i ndi cat es wnaso@sweritont Thisghdicatekthpte pitlonighgymptdnsatic. SH drnoBobjuecBGA, 7 out

of 9 SH ep are predi ted nd ther e 5 false alarnms, e.g.
hi gh-ri sk %2?‘??3% ‘YIH%{P‘ Kol ‘é’ﬁtetnqtéﬁ’l%hwfor Subj ect B there are 3

fal se alarms anth sunfifar§Mhy ifldnfRé SaRPatéSthe a8EbLéBHe shdrt-tetmR¥iRdfod hat
Subj ect B's risk val ues when bared to Subject A's risk values, include

co
more and hPYyRErmemthiserigsol SMBG reast g$f908%m§'jneéws with Tysgil émbs‘@@leWIﬁlere
acconpani egh,bY¥, $YRESHEG fe%g‘ﬂ gbéjﬁa\{faétqgasst SW%fgﬁ%gfs 82 df sPlo,d }) large
devi ati ons were acconpani e ngy one-br nore de; cross arf
parti ci pantlrttlcnpatetdqu\Eehwd;en sgtm%cmiatmlSH dmkmjtdedlr,SHe elgloﬁddﬂfsredﬁft@i preceded,
W thin 24 hog%ls e‘tl%gg e8@,r|s eriod, and 50% were preceded, within 48
16 WO 01/ 792%E'P ®EEIYCHB3rs, by a high-risk period. If only
periodsswith either at least 3, or at |east 4 SMBG neasurenents were
consi dered, the accuracy of the Iatter predl ction increased to 53% and
57% respectlvely Post hoc &ne i : dsoccurrlng during, or

i mredi at el y af t K_ | ds that )

epi sode, i. %émhf e%lf)asf iiRYemtign aqst Srcu?sﬁaélgo‘éﬁ aélrdrtﬁe &@g%dﬁg:llagt ed
that the ayet agzeRE sEHDRIRt of SMBGTHAR OTheletdte Bforh a¥ SMB@aRv e IBim of ol / |
versus 5.91.7 mmo| /| (t=19.5,  p<0. 0001% for all non-risk peri ods,

i ncl udi ng ¥EW SPF@S%’&P&%’ qrwaatrix ehticaeslts g theso thigeamethads copld be made cat es
that, ajt hghgh. &YHBLAIBLIgA: fidsdhsh Bigdwoccur. BG

EstHBA categories (Algorithm 1)
| 2 3 4 5 6 7

EstNSH
categories

Thus, for example, the output for subject 1 (Ss 1) shown in the above grid
indicates that this person is likely to have HbA . between 9 and 9.5%, and has a 90%
25 chance not to experience severe hypoglycemia in the subsequent 6 months. The output

for subject 2 (Ss 2) indicates that this person is likely to have HbA . below 8%, and
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| evel s follow ng high-risk periods were notably low. 10 In sunmary, the

I nventors sinulated the action of the short-termrisk method on a 6-nonth
seri es ofw®B@20eadi ngs for 85 individuals with Type | di pbruse/oo¥¥s h four
or nore SMBG readi ngs §§J ay, at least 50% of all .epjsodes of SH could be
anti ci pat etf> ﬁf@ﬁeﬁ\ﬁ‘% ngf‘% ieXPasienge gt leatt 3ot episoden én diegubseansnt 6

predi ct ed mepihsodes of noderate hypoglycem a. 15 Integration of the Three
Met hods The three nethods of this invention, as discussed above and

i | lustrated in I agditiontozhis gridtouzmitithe shaahterm eisk ewxtiufd [BvBdesiatentinlioes ef or e,

froman S ' | Nk, of . vi.ew uni fi ed displ or trix of the
resul ts o:‘vg) %%rl](glg%&ftﬁ? glgk %%1[11%81 semclg'@f)égﬁ%m}?awg Cﬁﬁlbgraﬁ?%?/tgrso?‘?nﬁaa THEagRi d out put
present ad Whabmiiis fisksbdcohleBhRighat egories (Algorithm1) 1 23 4567 1.Ss1

;2 z ocn .0 3_4 Ss2 Thus, for exanple, the OUtCEUt' for subject 1 (Ss 1)
shown in the abdbemgtiod ofithednyention mayhe imnlemendedsusing harfvres, softwarnave HbAI ¢

bet ween 9 : 9 > ' re
hypogl ycemélgglnﬁmtg ﬁ/eén glg g gglzde%ta 9@‘3/?7%%1'? ng%’g"@éﬁ{”pﬁ&?m?@é&%? teg}ggsg?lggx(’(gSs 2)
i ndi cat es othett probéssingsystems,isach akgdrsonabdilgiaesistvs (PIDALOVIN fexanple 17 WO
01/ 72208 PCT/ US01/09884 has a regter thanﬂg‘?{% chance to experience at
| east 3 SHTBRYUBERS HeINYFAIOR Y¥s dRehtentsd IRsphtvare rYRNIBGIAR £ EERFTRIPWRPSS

gri d- ouppUtompilter FUNUstilIhsRraPadlih $KG &t OO pREPYsHES 660 FRATIEOHIS: mbleacki ng of
the risk of immnent hypoglycem a and can b€ used to sound an alarm 5 when

this risk Peegsses, fichlas pmisessnr 6l Brasfesion 604 meennécsed twe/cdpemimipatement ed
a _conbj.nat,i on thereof and nga%ﬂgeciorrpl enment ed

:Jf]i ggehg; df@n@t{agtr%cgl%f?pg?gg; é £ommupications bus, cross-over bar, or ne mputer
system 600 includes a display interface 602 that forwards graphics, text, and other data
from the communication infrastructure 606 (or from a frame buffer not shown) for

15 display on the display unit 630.

Computer system 600 also includes a main memory 608, preferably random
access memory (RAM), and may also include a secondary memory 610. The
secondary memory 610 may include, for example, a hard disk drive 612 and/or a
removable storage drive 614, representing a floppy disk drive, a magnetic tape drive,

20 an optical disk drive, etc. The removable storage drive 614 reads from and/or writes to
a removable storage unit 618 in a well known manner. Removable storage unit 618,
represents a floppy disk, magnetic tape, optical disk, etc. which is read by and written
to by removable storage drive 614. As will be appreciated, the removable storage unit
618 includes a computer usable storage medium having stored therein computer

25 software and/or data.

In alternative embodiments, secondary memory 610 may include other means
for allowing computer programs or other instructions to be loaded into computer
system 600. Such means may include, for example, a removable storage unit 622 and
an interface 620. Examples of such removable storage units/interfaces include a

30 program cartridge and cartridge interface (such as that found in video game devices), a

removable memory chip (such as a ROM, PROM, EPROM or EEPROM) and

associated socket, and other removable storage units 622 and interfaces 620 which
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ot her processing systens, such as personal digit assistants (PDAs). In an
exanpl e enbodi nent, the invention was inplenented in software running on a
general o posod0 corrputer 900 as iIIustrat ed in FIG 6. pPpCOUPMIM®BSSYSt €M
600 i ncl udelgD e-frri ﬁ E Bcess uch as processor 604. Processor 604
i s connect?® W And Arig de PoHansieredZem the igmovabls stasags unitebZ2dAmuni cat i ons
bus, crosscamgitedyktenrP000€t Wor k) . Conputer system 600 includes a display
interface 602 that forwards 8raph| cs, text, and other data fromthe
conmuni cation | kPRYler sstem 608 0@y (also ineludn acdmmmmichiidiisanterfate 62own) for 15

di ool 2y onchifdhaRbaYintiike 630 CATBML G SYPLEN OO0 A9 doiglydes @ min

menory 608, pre y random access ieno 2EST nel ude a

secondary cemputyr yiRm Glleandssxtaandl aleyices FRaypld Of oBMmufithtioles infePfacesanpl e, a
hard di sk drive 6 2 and/or a renovable storage drive 614, representing a

floppy di sRAYMGRIC ZMALHRA NEWPHBteaiaps uchyas %E@Bmeb'éﬂrdhlas k drive, etc.
The remV&@drﬁmﬁﬁ@éﬁtﬂﬁ PR ?! PCRidIA Qefjﬁldfgaﬁgg?cng{)ﬁfv é[noedsclta t?ans?etnr gr{;gavab le

storage unit 618 in a wefl known manner nova rage uni

r epr esent scammbniogyondiisterfacenPdatre in tha ferm oﬁnlgrmdﬂ 628 ka,chediay bevdiéctdonics read
by and witten to r vabl.e st or.age i be appreciated,
t he rermva%lF(gtroé?achSg% OBﬁ?%l or Q%r FlﬁE?lﬁg@?gLF g’ﬁﬂ\&tré?el}f&da RNERIGY O edi um
havi ng Bt Oimesfich 6L SigkASTHE e ?&m@éz{ftb\&aﬁﬁuﬁm{@ﬁs iedrBrce 694 @iataer native
enbodi nents, secondary nenory 810 may i nclude other nmeans for allow ng

conput er p?%@fﬁmﬁatmﬂs cwﬂle@ ea, nbamlgb 1626rf§halnoeltﬁa?6l cowitscignatsco28empdmayrbe syst em

an | ntor { 2 e e A el AP R G PO RSB s SR AR R R o oe

i ncl ude a BEh}nk(agdafheEadsmmuﬁ@atl@ﬁCbhﬁﬁ{dlsrl dge int erface (such as that found

in video gane d % renovabl e menory chip (such as a ROM PROM
EPROM or EEP I OCB%BH%tW% Gemppter amr?ml Wl%n@%ﬂa&oeﬂpslfe@pa@%e units

622 andsi nkeAfuALese B twfeébﬁé}aﬁ-)gre\ﬁﬁ 9 MCE%ZSQ@? S e e ? %\‘S\Lzel AY, §0f tware

and data to be transferr fromthe renovabl e storage uni conput er
syst em 600harddiskunssalleslistherd disl0dmes/6 1, aud sigudlsiG2s. ﬁhewmnmpmatprogmm nterface
624. Communi,cati ons mgerfa 624 .al | ows sof war e agﬁ d@ﬁa to be

transferr el Sg%‘s/\érgﬁn%ané lwgﬁévmeéeéogwa LRYLFA IBENUOBy appl es of
communi cat ingRded sﬁicﬁrcﬁﬁl@ﬁt& #fbgram products.

Computer programs (also called computer control logic) are stored in main
20 memory 608 and/or secondary memory 610. Computer programs may also be received
via communications interface 624. Such computer programs, when executed, enable
computer system 600 to perform the features of the present invention as discussed
herein. In particular, the computer programs, when executed, enable processor 604 to
perform the functions of the present invention. Accordingly, such computer programs
25 represent controllers of computer system 600.

In an embodiment where the invention is implemented using software, the
software may be stored in a computer program product and loaded into computer
system 600 using removable storage drive 614, hard drive 612 or communications
interface 624. The control logic (software), when executed by the processor 604,

30 causes the processor 604 to perform the functions of the invention as described herein.

In another embodiment, the invention is implemented primarily in hardware

using, for example, hardware components such as application specific integrated
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may include a nodem a network interface (such as an Ethernet card), a
communi cations port, a PCMCI A slot and card, etc. Software and data
t ransf er med o208 conmruni cations interface 624 are in the Pormsefossssgnal s

628 which may.b tronic el ectro netic, optjcal or other signals

capabl e of CIB%ﬁ“ﬁZAEL@éi (?ggelﬂemﬁtb‘??n#ﬁ[‘%g%ﬁ&ﬁ%e staje mppching fe erbyrm thej gnal s 628

are provi decliéhsCREFRBEIGREIP RS b hSiat s o Fddonsiskil iﬁ%@(}%b&:ﬂ%’%@é}? path
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Rd
(i.e., channel) 626. Channel 626 carries signals 628 ) y
i mpl ement ed usi Wgyshiapether ebasdiments thydnvention ssmpdeménderbusingye corabinefionul ar

phone i nk, Whhﬁﬁda},é’&ﬂ%@v&}$er communi cations channels. In this

docunent, the terns "conputer program nedi unt and "conputer usable 15

medi un' sar e usebh droexgaipde sdftware emboditmentefttha iBdation shd mEbYaAYi@&cab&T age
drive 914, a hard, di sk inatalled in hard disk drive 612, and signals 628.
These conptRO¥F Wite YnBismepted i sPSS sendrqhlanguages butoyld br weplementad ineother

conput er S%x?"g%@&@ha{%th&‘ﬁ?ﬁté&ﬁ,cimphfb ?a?mﬁﬂgpa@@%gé{ter program

products. nput er prograns so calle onput rol logic) are stored
in main 20 nenoFiG$08 Astdvoblosle dirpaiamyativaapreyenfdtidn dfattpuintive pr ogr ans nmay

al so be recejved via comunicatians i rface 624. Su onput er prograns,
when exepu?rgh?(ﬁ@ﬁﬂtﬁlo ﬂ.leCIB o8y kf%ﬁ”éﬁr? gfe)(i f r‘i)ErSPBWHlat%R‘é&f‘g}%)&thlﬁf t he
pr esentjoi nr\fﬁfasemﬁ@ﬁoﬂhé SHRSR Y10 BRERANy dofhpPRES the hitbse hBRr 9%3*%&%1?% 2 < of

progr ans, en executed, enable processor 604 to performth
t he presenpatient, &k fos recopding ridienafiay insslie Hosagapeadings pnd greastred blopd pr esent

|1 Al nmhodi Wh he i ' '
ol crent i 0ee 0P80l Fhalf g Hhlg by I BSOS T BRI Corpuor

progr am pr wahstdrredribroughdppropriste communication Hiled EM &Qtd abden 7ePRyabl e
storage drive 614, hard d{l,i ve 612 or communi cations interface 624. The
control | oBfPECEWSSIaANROY Chipngichas a pgrsemalispmpnter JH.JI24 ofr estular 30 causes the

process@r RR4nbee. PESriindtmdeNgatd WBRRRSb S ordel SyilhRY ﬁi&nghgé%%@e 2958 l,hgd

herein. In another enbodi nent, the I'nvention Is ed primarily in
hardware ey hgdireetty doventpaded iftartivmparsonabopomeet B 0sthstughsn applopriatei on

ol erment alTSRBF ot Fio ARAAMR 2 DR Rt Fam e S mer ST A& ot | ons
descri bed hieSuan, Ml Whith io@RasAble With B¢ TOWSH S tWaRAwhidh ifudeghgvant
art(s). In yet another enbodi nent, the invention is inplenented using a
conbi nat i ofterface cable to down load the data to a personal computer.
20 The glucose meter is common in the industry and includes essentially any
device that can functions as a BG acquisition mechanism. The BG meter or
acquisition mechanism, device, tool, or system includes various conventional methods
directed toward drawing a blood sample (e.g. by fingerprick) for each test, and a
determination of the glucose level using an instrument that reads glucose
25 concentrations by electromechanical or claorimetric methods. Recently, various
methods for determining the concentration of blood analytes without drawing blood
have been developed. For example, U.S. Pat. No. 5,267,152 to Yang et al. describes a
noninvasive technique of measuring blood glucose concentration using near-IR
radiation diffuse-reflection laser spectroscopy. Similar near-IR spectrometric devices
30 are also described in U.S. Pat. No. 5,086,229 to Rosenthal et al. and U.S. Pat. No.
- 4,975,581 to Robinson et al.
U.S. Pat. No. 5,139,023 to Stanley describes a transdermal blood glucose

monitoring apparatus that relies on a permeability enhancer (e.g., a bile salt) to
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of both hardware and software. 5 In an exanple software enbodi nent of the
I nvention, the nethods described above were inplenented in SPSS control
| anguage wo®ui/7eil d be i npl enented in other prograns suchCE®SOINIBS4NOL

limted to + rammng | anguage. FIGS. 7 - 9 show bl ock di agrammatic
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TOUCH noni toring systemor neter by “"LifeScan, Inc. Ich Is conpatible

wi th | N TO9otepbefesisde aoninvasivelynsdmple s sabstanice theoighcski altd e réceptioleronl oad t he

data to a r 0 .20 The gl ucose neter.i s common in the industry
and i ncl udgléFé 521212531% afc’%quil;f(tfeg‘r%f/eacgees\}r%%tetg{sﬁﬁ?‘pﬁ%p@ﬁ?ﬂ%? Bﬂlsbea%o‘?iegé’v'gl&&ui sition
nmechanism glibeseBpesifit ®fosersor a€SIUESHe spedI fiTRRBRAOIE T ofRY B onfttBloo’ SYystem
i ncl udes vgri ous_ conventi onal, nmethods directed toward drawi ng a bl ood

sanpl e (e. ucts§- Morpyen dnteraptipryl Publigation dNo. WEAP6H01 4@ teeTamada deserilds t he

gl ucose le | : | . S.concentrat.i ons by
el ectr onec%lgir?lng)?w%rueg{) %%%P%EW%S&&% %%%gﬁg%é%eoﬁﬁqél%eé%b PR Wr'}rltgf%%ds for
det er mi ni nap tonwpboretie rtecaodeis uséd tolmek anmlaljtemtod toitddtion Feivingr dldeod have

been devel gped. For exanple, .U.S. Pat. No. 5,6267,152 to Yang et_al.
descri bes @85%% 15\}‘3@@2}%?&% itget BplvieRresant Hth‘SIrﬁSH’%ﬂ- Jeedlly, Lohdett rat i on
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near-1R spectronetric devices 30 are so ‘described I n
5,086, 229 ¢larRmwebiie prgbenét al . and U.S. Pat. No. 4,975,581 to Robinson et

L R
a bile sal tathdters a0 sWOURhEARAASATTL YSOPLiAL 884
The computer or PDA 740 includes the software and hardware necessary to
20 process, analyze and interpret the self-recorded diabetes patient data in accordance
with predefined flow sequences (as described above in detail) and generate an
appropriate data interpretation output. Preferably, the results of the data analysis and
interpretation performed upon the stored patient data by the computer 740 are
displayed in the form of a paper report generated through a printer associated with the
25 personal computer 740. Alternatively, the results of the data interpretation procedure
may be directly displayed on a video display unit associated with the computer 740.
FIG. 8 shows a block diagrammatic representation of an alternative
embodiment having a diabetes management system that is a patient-operated apparatus
810 having a housing preferably sufficiently compact to enable apparatus 810 to be
30 hand-held and carried by a patient. A strip guide for receiving a blood glucose test strip
(not shown) is located on a surface of housing 816. Test strip is for receiving a blood
sample from the patient 812. The apparatus includes a microprocessor 822 and a

memory 824 connected to microprocessor 822. Microprocessor 22 is designed to
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facilitate transdermal novenent of gl ucose along a concentration gradient
established between interstitial fluid and a receiving nedium U. S. Pat.
No. 5, 036y@6i/71208 Senbr owi ch descri bes a passi ve gl ucose npoiUSe1/doBsHt

collects p pration through Kin patch, where a choljnergic agent is
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presentio. B22.t her yet, the BG neter or acquisition nechanism may include
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or PDA 740 i ncl Yisw0ory §24 alse stpsgsdlenthglnegsawatues pbthe patigny 813, the tnsplincess,

anal yze ang,d reft . - r i ient data in cor dance
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an appr opedlatlate datuse blnodglpcetcatalues, sappletientaPinetien dd¥ey, antl kerbolgdiates of t he

data analysis,and, interpretation perforped, upon the stored patient data by
the conput SIPPYERFIL eé]acg ibgciﬂ%aﬁ?%‘iﬁ’s? HBPT'H@“ B}Sﬂjﬂ‘bgos& vahisd$ StPesddn megReT¥r at ed
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Alternatively, the results of the data intérpretation procedure may be
directly dmsploaysHchoes an el¢aienllyicsasable read enlpswowrn(BEPROM). t he conput er

740. FIG 8 sh I . agr i C, nepresent at.,on of alternative
enbodi nent havi %‘gﬁ%&%‘?agg@? lesg lrﬁcg%cgeggﬁ%%d %li;gqsgmeﬁﬁékicgn%ec@ ent - oper at ed
appar at us m3dOpridasssoigB 2. GhudsdGietRE eteisaidshgnédlfJﬁuéésafHElMo&ﬂﬁ%ﬂéi rekéivednabl e

appar at us 818 t8 ?e 30 hand-hel d and carried by a patient strip guide
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i oot GBS, TSRS P L EEB OGR RF (7"
the art. Glucose meter 828 is preferably of the type which produces digital values
which are output directly to microprocessor 822. Alternatively, blood glucose meter
828 may be of the type which produces analog values. In this alternative embodiment,
blood glucose meter 828 is connected to microprocessor 822 through an analog to

25 digital converter (not shown).
Apparatus 810 further includes an input/output port 834, preferably a serial
port, which is connected to microprocessor 822. Port 834 is connected to a modem 832
by an interface, preferably a standard RS232 interface. Modem 832 is for establishing
a communication link between apparatus 810 and a personal computer 840 or a
30 healthcare provider computer 838 through a communication network 836. Specific

techniques for connecting electronic devices through connection cords are well known

in the art. Another alternative example is “bluetooth” technology communication.
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menory 824 connected to m croprocessor 822. M croprocessor 22 is designed
to 21 WD 01/ 72208 PCT/ US01/ 09884 execute a conputer program stored in
menory 83obp7pes formthe various cal cul ati ons and contrptT/AUBMEIBRNS as
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a corres poﬁ‘fﬁ?lﬁ’éoa%Iteétl%?ﬁtﬁst@aé?fgﬁ’éwcg?&ﬁﬁl%topﬂn&fpé?%&% Op CORUGLAtROY | e
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Apparatus 810 al so includes a blood glucose neter 828 conne
m cr opr oce¥dish igharebyangemoratedkbberefgesciterade s Affnadtively npraisntsdodakegiod  sanpl es
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gl ucose netesidenay; or aifferémesnotenodakienart. G ucose neter 828 is preferably
of the type V\/nigg produces digital values which are output directly to
mi cropr ocessor HSpSMIRAEYe themyveniion prppesss aglaticansdysifeeapputgrgdrmethpd and ¢ he

type whischsprad %xeﬁleagaﬁ{mny&ig%aluahan t e %%@g&zyﬁr@gﬁgg}nggﬁém pl ood

gl ucose net'er 828 is connected to m croprocessor analoog to
25 di gi t al gyoenier ¢comtro] moindividualy withpdiabetess HIBAQ ahdrthé etski sfciypdelcania.

i nput/outp ont 834 referably.a serial port, which is connected to
i cropr oc ei@%&‘eg’?éi Whilg fisigg gn ysroﬁtb‘?ﬁ@gb&gdqt% PIOYidefe pmeag othsy thines, fires f ace,
pr ef er abl yseps 6t rd RS232 interface. Modem 832 is for establishing a

communi cation |ink between apparatus 810 and a personal conputer 840 or a
The potential implementations of the method, system, and computer program

20 product of the invention is that it provides the following advantages, but are not limited
thereto. First, the invention enhances existing home BG monitoring devices by
producing and displaying: 1) estimated categories for HbA ., 2) estimated probability
for SH in the subsequent six months, and 3) estimated short-term risk of hypoglycemia
(i.e. for the next 24 hours). The latter may include warnings, such as an alarm, that

25 indicates imminent hypoglycemic episodes. These three components can also be
integrated to provide continuous information about the glycemic control of individuals
with diabetes, and to enhance the monitoring of their risk of hypoglycemia.

As a second advantage, the invention enhances existing software or hardware
that retrieves SMBG data. Such software or hardware is produced by virtually every

30 manufacturer of home BG monitoring devices and is customarily used by patients and
health care providers to interpret SMBG data. The methods and system of the
invention can be directly incorporated into existing home blood glucose monitors, or

used for the enhancement of software that retrieves SMBG data, by introducing a data
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30 heal thcare provider conputer 838 through a comruni cati on network 836.
Specific techniques for connecting el ectronic devices through connection
cords ar evewi/i22bsiown in the art Anot her alternative exaPpi/@siig9sss

"bl uet oot h! tech ol o 2 1/ 72208 PCT/ USQ1/ 09884
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only routige, ?@l@ data, provides, anpng other things, three sets of

out put . The po thal i npl enentations of the nethod, system and conputer

program 20 pr odAdﬂltmﬁall}behd mvaﬂiUnQiiIO\Vl&estthélh11$sﬁng31|ilﬂé/lb}dﬁfi)pbﬁﬂ fipkd owi ng
advant ages,. but are not |imted reto. Fir t he 1 nvention enhances

exi sting hmncéc?%ﬂ’ini’ﬁ)tﬂl?lﬁgal%‘gw@é@rwaluﬁVQﬁjﬁbAngandﬁhe E}Fléﬁﬂ hypostycemia
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ted s G

subsequent si x nonths, toterm b ogl ycem a
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alarm that 25 {ndjcat e &&E 0 cem These_t hree
conponents can gy eﬁ?@é’f’%ﬁ %/8’ BP%QH ec]’é"i:“@{flgttﬁ‘?ﬁfg‘i@VF?ﬁSBPﬁﬁ?Won about
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insulin delivery devices can utlhze the embodiments of the invention to test the relative
20  success of proposed or tested insulin types or device delivery designs.

The invention may be embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The foregoing embodiments are therefore
to be considered in all respects illustrative rather than limiting of the invention
described herein. Scope of the invention is thus indicated by the appended claims

25 rather than by the foregoing description, and all changes which come within the

meaning and range of equivalency of the claims are therefore intended to be embraced

therein.
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As a second advantage, the invention enhances existing software or hardware
that retrieves SMBG data. Such software or hardware is produced by

virtual | weverypos 30 manuf acturer of hone BG nonitoring depCT/@So1z0e84 S
customarily used by patients and health care providers to interpret SMBG
data. The nethods and system of the invention can be directly incorporated
into exiGkARdShone bl ood gl ucose monitors, or used for the enhancenent of
softvvarewtggté%r etrieves SMBG data, by introducing a data 23 WO 01/72208
PCT/ US01/'6 " interpretation conponent capable of predicting both HbAl

and periods of. i ncAeaf@dterizébietod IMMAAIMERE R HEA |, lof a p8lierR BN BG
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10 gt hadsnputed®WR 4d¥EDS NVeNntion is capable of evaluating both patients’
glycem c control and their risk of hypoglycema, and at the sane tine
applying it in their everyday environnents. Additionally, the invention

provides the g ssi | i nk .by proposjng three distinct, but conpatible,

al gorit hrs foilj1 eva afPFtﬁﬁd Pﬁﬂ%‘%ﬁd‘”{‘ﬂ Ui sk of hypoglycemia 15 from SVBG
data; to be UaRIkdnfpuléEWRCEs hitReridiRhlly HEfiRBdRth aQBEed SIBG fdadlisQf, x,, .. x,
hypogl ycem a, and the long-termrisk of hyperglycema. Finally, another
advart agekendh EmerRainis Y iofr evélasates the effecti veness of new insulin or
insulin delivery devi CESn Any manuf acturer or researcher of insulin or

i nsul4i n delivery degwi€es)tmr(xul)i|ize the enbodinents of the invention to
test the relative 20 suteess of proposed or tested insulin types or device
delivery designs. The invention may be enbodied in other specific forns
Wit hout “departing YiBf the spirit or essential characteristics thereof.
The feor egoi ng enbodi menj,sparp £ NOEACP &if ABGRY £RIGOHEENAS,I N al | respects
illustrative rather than |linm'ting of ‘the’invention descri’bed herein. Scope
of tHe invention is thus=lrdpresantidg byweighdingmaeamaizter, ehdii s

8

9 said computed DR is mathematically defined as:
10 Dr = average of s - sk,
11 where:
12 se=10.S(k+ 1;)° fork=0,1,..., t, - t1,
13 S(t;)=f(x)), for j=1, ...,n.
1 3. The method of claim 1, wherein said the estimate of HbA . from said BG
2 monitoring data is mathematically defined as : |
3 Estimated HbA .= 0.9008(WR) - 0.8207(DR) + 6.7489.
1 4. The method of claim 1, further comprising:
2 defining predetermined categories for the estimate of HbA | , each of said HbA

3 estimate categories representing a range of values for estimated HbA,; and

assigning said estimated HbA . to at least one of said HbA . estimate categories.
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25 rather than by the foregoing description, and all changes which cone
within the neaning and range of equival ency of the clains are therefore

i nt ended woobm2estbraced therein. 24 WO 01/ 72208 PCT/ USO1pOP@8eh/09834AI M5 W
cl ai 1. A conputgrize od for. eval uati t he HbAl of .a patigent, based
on BG 2 dat asqcol I'@Eetrgﬁt%@‘ék &31%?‘9‘55?8%‘??%%%&%UF&?WS‘%‘?,“@&PW ?F}Bfgned as
conpri sifajows conputi ng wei ghted devi ation toward hi gh bl ood gl ucose (WR)
and estimated rate of 4 change of blood gl ucose SDr) based on said

col | éct ed BG eseicd gategeryels tvheepin prid pisispated HibAg. ig less dvataboui hidd
t hgmat i cal i d. B T t hod
OF crarm 10 b RalgB3h, heRih fhid SRR HBA BN R abo 7% el o

serieés F.5BG readings x1, x2, ... xn 3 taken at tine points tj, t2, ...,

toas: in 4 WR = -1w(X; ;] r=1 .5 where; w(BG b) = 10.f(BGh if
f (BO*0 and cfl%?}f@g‘\ﬁﬁég?ry 97 "g‘e?il} Sar‘iﬁ%&%ﬁ“ﬂ H??@lals\kg"bq?f’iah@“ bt and 8
9 said opgputed DR is mathematically defined as: 10 Dr = average of sk+1 -
sk, 11 where: 12 sk =10 S(k+ tl)2 for k=0,1, ..., to - ti, 13 S(t;) f(x;),
for j8&=1, ... classifiedZategory 4rathierain sdid cstanated Hbheis betwesniabout!9e) arst abomt e of
HbA1,9, fgg_m said BG 2 nonitoring data is mathematically defined as : 3
Esti mat ed "HbAl, = 0.9008(WR) - 0.8207(DR) + 6.7489. 1 4. The nethod of
claim 1, furtdhesifie@¥afelsiy "y wherein said estimated HbA . is between about 9.6 and about

11 10.3;

12 classified category 6, wherein said estimated HbA . is between about 10.3 and about

13 11.0;and

14 classified category 7, wherein said estimated HbA . is above about 11.0.

1 6. The method of claim 5, further comprising:

2 defining predicted confidence intervals for corresponding said HbA ; estimate

3 categories, wherein said predicted confidence intervals are defined as follows:

4 said classified category 1 corresponds with a predicted HbA |, less than about
5 8.0;
6 said classified category 2 corresponds with a predicted HbA . between about
7 8.0 and about 8.5;
8 said classified category 3 corresponds with a predicted HbA . between about
9 8.5 and about 9.0;
10 said classified category 4 corresponds with a predicted HbA . between about
i 9.0 and about 9.5; ,
12 said classified category 5 corresponds with a predicted HbA . between about
13 9.5 and about 10.1;
14 said classified category 6 corresponds with a predicted HbA . between about
15 10.1 and about 11.0; and
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2 defining predeterm ned categories for the estimate of HbAl , each of said
HoAjc 3 estimate categories representing a range of values for estinmated
HbAl c; amdoassi2gei ng said estimated HbAl, to at | east onerof/usai/@ssdbA c
estimate categories., 25. 01/ 72208 PCT/ US01/ 09884 1 he et hod of

cl ai mma4, wher ei n ssé'i’il%dﬁﬁﬁé@ Cé?%oﬁ}é EOTTEPR ‘W’é%aafeéhﬁafﬂh above abqu| | ous:
3 classified tabegory 1, wherein said estimated HbAIc is | ess than about
7.8; 4 classified category 2, wherein said estinmated HbAlc i s between about
7.8 and about 5 8.5; 6 classified category 3, wherein said estinmated HbAl

i s between abgut . : i.fied category 4, wherein
sai dEIesti matgg Hbiliﬁﬁlzl 8?&22%1%%();3{&5? gongé]r%%falgmut 9 9.6; 10 classified
category 5, widfinggprsdicttdesinfidedcednidb/Als fos chredspeiingbadHbA 6, él oflbgat 11
10.3;3 12 chaﬁai fi gla cat.e%orY 6, wherein said estinmated HbAl i s between
about® 10P8%%IT¢ LBGdenceiaRvalsyepresenting acrange Pf vyavesdar H§6ny 7, wherein said
estimated HbAl is above about 11.0. 1 6. The method of claimb5, further
conprising: 2 defining predicted confidence intervals for correspondi ng
sai d HbAlc esd.i nat Ehe Rethad ofolain g, whireissiaid pradidted o ¢ tedideacd inttenale

i nteryal a rag?%%fﬁﬁg%ﬁdgégel J[eﬁgfz: 4 said classified category 1 corresponds-

witha predicC , about 5 8.0; 6 said classified category 2
corresponds with a predicted HoAlc between about 7 8.0 and about 8.5; -8
said classified category 3 corresponds with a predicted HbAl c between about
9 8.5 and abolt 9.48;computesized methodifer evaluating thsrfbA. ob ppetipumdsedan BGa

prediLt egh HoMCteASHYE : - 9.5..12 said classified
category 5 corer ees %ond%ﬁIr v?na‘fb(%mémﬁ(r}éﬁ?gg%ﬁgﬂblﬁaﬁg%%?%%sﬁn%bout 13 9.5 and
about3 10. 1; computing weighted deviation toward high blood glucose (WR) and estimated rate of
4  change of blood glucose (Dr) based on said collected BG data;
5 estimating HbA | using a predetermined mathematical formula based on said

6 computed WR and Dr; and

7 providing a predetermined confidence interval for classification of said estimated
8  value of HbA,..

1 10. The method of claim 9, wherein:
2 said confidence interval is between about 85% to about 95%.
1 11. A system for evaluating HbA . of a patient based on BG data collected over a

2 predetermined duration, said system comprising:

3 a database component operative to maintain a database identifying said BG data;

4 a processor programmed to: |

5 compute weighted deviation toward high blood glucose (WR) and estimated
6 rate of change of blood glucose (Dr) based on said collected BG data; and

7 estimate HbA . using a predetermined mathematical formula based on said
8 computed WR and Dr.
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14 said classified category 6 corresponds with a predicted HbAl c between
about 15 10.1 and about 11.0; and 26 WO 01/72208 PCT/ US01/09884 16 said
classifiadooptagory 7 corresponds with a predicted HoAlc pbDVsoaesst 17
11.0. 1 7. Thf?erret od of claim4 rther conprising: 2 defining predicted

f
confi'dence i nter valke sent “r@%%d’i’ &'8ai d HbAl, each of said 3 predicted

confixence i nad & i I Slmoesl 8. ,The
met hod of cl ai mj?hlahnéecfg{}ﬁ&gg%tg&g?%gpg? ggnélgbfﬁ%g atégﬁ?{@“e%gg L nter v)gli (S
have 3abouttakengistinepefritsignte...) &8sl . 1 9. A conputerized nmethod for

eval uating the HbAlc of, g patient based on BG 2 data collected over a
pr edet er m ned duraW'ya&n,l we(xpt hod conprising: 3 conputing wei ghted

devi ation toward hi gh bifbd glucose (WR) and estimated rate of 4 change of
bl ood gl ucose (Dr) based on said collected BG data; 5 estimating HbAlc

usi ngS a predet er m W8d®mat hemati cal fornul a based on said 6 conputed WR and
Dr; d 7 providing a p(@@; m niei i Nt for classification
of sgéind estimated 8 vg‘lq/ue (’)@’ Hb%??@/ib I{d‘? ilﬁe &n@téﬁ%%&l&lgéél aim9, wherein:
2 sai™d confidence i nterbval, rieprebatting@anveaiplatintg [Bisdmdter, albut 95% 1 11. A
systegm for evaluating HoAlc of a patient based on BG data coll ected over a
2 predeterm ned duration, said systemconprising: 3 a database conponent
operative to g Sirple@DRAL ARARMAREN idftieAGssai d BG data; 4 a processor
programmed to: 5 conpute wei ghted deviation toward high bl ood gl ucose (WR)
and Bstimated 6 rArteageraghahge ofe, bl ood gl ucose (Dr) based on said

col | gcted BG dat a; Wi g 7 estimate HbAlc using a predeterm ned mat hemati cal
formul a based on sard " 8 conmputed WR and Dr. 27 WO 01/ 72208 PCT/ US01/ 09884

1 1212 The system of cl ag,RIDSEkWhEr dbi%=0,1,..., 1, - 1;,

13 St )=f(x)), for j=1,...,n.
1 13.  The system of claim 11, wherein said the estimate of HbA . from said BG
2 monitoring data is mathematically defined as :
3 Estimated HbA .= 0.9008(WR) - 0.8207(DR) + 6.7489.
1 14.  The system of claim 11, wherein said processor being further programmed to:
2 define predetermined categories for the estimate of HbA . , each of said HbA .

3 estimate categories representing a range of values for estimated HbA .; and

4 assign said estimated HbA to at least one of said HbA . estimate categories.

1 15. The system of claim 14, wherein said HbA . estimate categories are defined as
2 follows:

3 classified category 1, wherein said estimated HbA,. is less than about 7.8;

4 classified category 2, wherein said estimated HbA . is between about 7.8 and about

5 8.5

6 classified category 3, wherein said estimated HbA . is between about 8.5 and about

7 9.0;
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2 said conputed WR is mathematically defined froma series of BG readi ngs
x1l, x2, ... 3 x" taken at tine points t1, t2, ..., t" as: in 4 W =
-~w (x1; Woon7ized 5 where: 6 w(BG b) = 10. f(BG)b i f f (B HOsandss

ot her se, b res ntln a .weighting paraneter, and 8 9 said
conput ed DR |¢5la§‘?glelqé‘ﬁget%f’9'a ??‘Hgﬁstg'gamd %(B’AEJF is-befyren aheutt0 andpbaut g 11
where: 126sk =10. S(k+ ti)2 for k=0, 1, ..., t" - ti, 13 S(tj) f(xj),
forj=1,...,n. 1 13. The systemof claim 11, vvhereln said the estimte of
HoAl B from saﬁlﬁssé'@d categpmi 1 ovhierin said astlrsatnéﬂbérrambcaﬁfdey abledti @ endagbout 3

Esti ﬁateﬂ)j-le c = 0.9008(WR) - 0.8207(DR) + 6.7489. 1 14. The system of
claim 11, Wherein said processor being further programmed to: 2 define

pr edet er ni necblmifmg@ategmyf @ rwhelin esitl estrhte® Hb) Ns be el aBbutS®i Farddobat 3
estimate gori es representing a range of values for estimted HbAlc; and
4 asSi gnlls a& esti mated HbAlc to at | east one of said HbAlc estimate

cat egori es. ei estimate

cat egorl es ascelésgteq‘e;&%gte%&%’tﬁ Eaﬁh r&%ﬂ atfg\glé%qu] B(?ﬁg{ée?aedggfifg wherein said
estimated HbAlc is |less than about 7.8, 4 classified cat egory 2, wherein

saidlestimate HbAlc i s beéf\[/\qen oyt 7.8 .and abou 6 C|aSSIerd
catedory 3, wherei PSRPH™E 1612 S3id PERSERNOE elggélg}'fhegpg)géqmm%%t 7

9.0; 28 WO 01dcfidd Qfedrsedd H&Qﬂd&@@ﬁﬁe&a@ k&%%h%k;%ﬁdﬁ%tsﬁwb{mc’esm%e' n said
estinmated HbAl is between about 9.0 and about
3 categories, wherein said predicted confidence intervals are defined as follows:

4 said classified category 1 corresponds with a predicted HbA . less than about
5 8.0;
6 said classified category 2 corresponds with a predicted HbA,; between about
7 8.0 and about 8.5;
8 said classified category 3 corresponds with a predicted HbA . between about
9 8.5 and about 9.0;
10 said classified category 4 corresponds with a predicted HbA . between about
11 9.0 and about 9.5;
12 said classified category 5 corresponds with a predicted HbA . between about
13 9.5 and about 10.1; _
14 said classified category 6 corresponds with a predicted HbA . between about
15 10.1 and about 11.0; and
16 said classified category 7 corresponds with a predicted HbA . above about
17 11.0.
1 17.  The system of claim 14, wherein said processor being further programmed to:
2 deﬁne‘predicted confidence intervals for corresponding said HbA . , each of said

3 predicted confidence intervals representing a range of values for HbA ..
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10 classified category 5, wherein said estimted HbAjc is between about 9.6
and about 11 10.3; 12 classified category 6, wherein said estimted HbAl
i s bet weavwoabmzbs 10. 3 and about 13 11.0; and 14 cl assi fi pdr/wstiegessy 7,

wherein said timpted HhALl. ¢ .is..abgve.about 11.0 16. The system of
cl ai % 15, \/\hef% n ﬁﬁsg%%feéglg}l'@&qﬁ&nf Eﬁla Hf.ﬁ]dlcé‘?qnag’émfﬁﬁg@%‘.ce Iferyassi ne
pr edizxt ethve apduitAe3es confidRhyadlesell oOr correspondi ng said HbAjc estinate 3
categories, wherein said predicted confidence intervals are defined as

follows: 4 said classified category 1 corresponds with a predicted HbAl

or adict ot ThAL bet ABona S SR n TR AL of R RIS

cat egor yeotnpesingesponds with a predicted HoAl, between about 9 8.5 and
about. 9.0; 10 ﬁ%l d classified category 4 corresponds wth a predicted HbAl
bet ween about? BYACquisitionmegharismgsaid acgnisitignimeghasispy ¢aadigureddg aeqpis BG
corraspod%fr%ttﬂeﬁat%gdi cted HbAl between about 13 9.5 and about 10.1; 14
said classified category 6 corresponds with a predicted HbA ¢ between about
15 10. 1 and abdaabasd conpensdt d@rativiedo laqgsinfa dathbasd elgotifying saat Beésjacds wi t h
a pr eéji cted I-zllefI above about. 17 11.0. 1 17. The system of cl ai m 14,
wherein said p?88%s§%r09m%ré1%edft8rther programmed to: 2 define predicted

confidence int er valompueé weiphfeasdeoREbA thvrad ﬁifgﬁm%éod ga&ikequ%ad, ind c3tihRd! ct ed
confidence intervals representing a range of values for Hb .29 WO
01/ 72208 PCT/™es0f/charmm o1 bloodeglucnse (By)dasad asrf said enllected BGHatapand sai d
predigct ed HbAlc confi [ Iy, hav. out .a,25% confidence .l evel.
1 19. A glycenc c%&tn(ragﬁnﬁg‘?/‘?mesrﬁﬁ aglrrg%e\; al'ua d?rﬁgtg%ﬁti%al ?"rgﬁ?)%s? At ,Salgai d
syst®m 2 compmpmitedgWR3aral B acqui si tion nmechani sm said acquisition
mechani sm configured to acquire BG

1 20. A computer program product comprising a computer useable medium having

2 computer program logic for enabling at least one processor in a computer system to evaluate

3 HbAj of a patient based on BG data, said computer program logic comprising:

4 computing weighted deviation toward high blood glucose (WR) and estimated rate of

5  change of blood glucose (Dr) based on said collected BG data; and

6 estimating HbA . using a predetermined mathematical formula based on said

7  computed WR and Dr.

1 21.  The computer program product of claim 20, wherein said computer program
2 logic further comprises:
3 providing a predetermined confidence interval for classification of said estimated

4  value of HbA |, wherein said confidence interval is a single value or a range of values.
1 22. A computerized method for evaluating the long term probability for severe

2 hypoglycemia (SH) of a patient based on BG data collected over a predetermined duration,

3 said method comprising:
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4 data fromthe patient, 5 a database conponent operative to maintain a
dat abase identifying said BG data; 6 a processor programed to: 7 conpute
wei ght ed wievi/aoon toward hi gh bl ood gl ucose (WR) and estpawnwusal/098s84r at e of

chan of bl ogd glucaose based on said .collected BG data; and 9

est | %ﬁt e HbA19°un§}9ﬁ{j‘gé”ed$lg%%‘%vﬂﬁf"r?38w IRukipe &IPC‘?SGKM%?J‘E%@&&‘GH ragiof 10
conpui edfaWRfaisbdlucole Althe fov¢ BIPEINEE (DA HASRIVPAUELOILLRRBEG HAY; dhdConput er
useabl e medi um havi n(ﬁ@rZ conput er programlogic for enabling at’ |east one

procéssor in eSUERHpEthenumber effutercSHherisadss usingip Atedetsrminedanatberatiased on

BG dat a, t5a8Le g I nprising: 4 conputing wei ghted

devi at i or? tom@géqz%%q%?%g%hg uclg%(kadsle "and estimated rate of 5 change of
bl ood gl ucose (Dr) based on said collected BG data; and 6 estinmating HbAlc
using a predeterm ned mat henatjcal fornula based on said 7 conputed WR and
Dr. % 21. Theﬁforrpﬁlﬂee’ingtg‘PgQEg]ﬁi%lzgdWE?w@f cl ai m 20, wherein said conputer
progrmam 2 | ogidcdipkReWICRMRIth&Rically REANIL] ' opfidence
interval for cl a_ssﬂilll[]5 i cation of sa?tacaegtFm%dg?a&4£§/eg{eggggg%ﬁﬁgs,g i'ei n
sai d 3confitelencs timetpointal, ixs..at.sangl e val ue or a range of values. 1 22. A
conput eri zed net hod for1 evaluating the long termprobability for severe 2
hypogl ycem a ( SH) Wiﬁ_@tuil@p’tz)based on BG data coll ected over a

predet er mi ned durationz4z3 said method conprising: 30 WO 01/72208

PCT/ US01/ 09884 4 copnputing wei ghted deviation toward | ow bl ood gl ucose (W)
and estimated rateVBif® 5 fall of blood glucose in the | ow BG range (DrDn)
based on said collecte @ng ta, ?@bﬁ- b AL nunber of future SH
epi sodes using a prede'?vérm hed r{g er{m‘??&%éﬂf}%}%r{}nﬁﬁg“ﬁ?&ed on said
conputed W. and DrDn. 1a23 refiesenting hockighitingl parameter, awherein: 2 said

compyted W. is.mat hematically defined froma series of BGreadings x j, X2,
.. L§;3 X, tak%‘?‘frgimmt ?H%‘%hefl}‘{tlc?lgx definedag:  as: n 4 W =-1 w (x::2)

9 DrDn = average of sg+; - s;, provided that ;< s+ 7,

10 where: s, =10.S(k+ t;)* fork=0,1,..., t,-1,,

11 S@t;)=f(x), for j=1,...,n.

1 24, The method of claim 22, wherein said estimated number of future SH

2 episodes (EstNSH) is mathematically defined as :

3 EstNSH = 3.3613(WL) - 4.3427(DrDn) - 1.2716.

1 25.  The method of claim 22, further comprising:

2 defining predetermined EstNSH categories, each of said EstNSH categories

3 representing a range of values for EstNSH; and

4 assigning said EstNSH to at least one of said EstNSH categories.

5 26.  The method of claim 25, wherein said EstNSH categories are defined as

6 follows:

7 category 1, wherein said EstNSH category is less than about 0.775;

8 category 2, wherein said EstNSH category is between about 0.775 and about 3.750 ;
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n!=1 5 where: 6 W (BGa) = 10.f(BGa if f(BG>0 and 0 otherwise, 7 a =2,
representing a weighting paraneter, and 8 said conputed DR is
mat hemat iwa@bl/y220efi ned as: 9 DrDn = average of sk+l1 - sk, porosidegsst hat sk<

sk+r,, 10 wherg. =1 0. S(K+. r k=0,.1, ..., t" -t 11 S(tj).f(x3),
f or j9:1, ...,%\a.efe?%gi’.w rgl(n r?él{dlr%%l%gho"@fe&oﬁ{ ’ﬁ%’,et"\'ﬂ%rag‘i’?’r 357(aﬁtoolanéisaiaf’ﬁtai-é%0;nunber
of futurandSH 2 episodes (EStNSH) is mathematically defined as : 3 EstNSH =
3.3613(W.) - 4. 3427§1Dr Dn), - 1.2716. 1 25. The method of claim22, further
conptl si ng: 2caliegarhinyheseinseiddisiNRHpategorydsiaberecabont 8, each of said Est NSH
categories 3 representing a range of values for EstNSH, and 4 assigning
said EStNSH to at | east one of said EstNSH categories. 5 26. The net hod of
clai rh 25, whe2’®i n the nethot NBHam L6 gfurthescontpisitpf i ned as 6 follows: 7

category 1, ein sajid .EstNSH category is | ess than about 0.775; 8
cat e%or y 2, ﬁegj}nél?%a B@?’%"E&)’t %W%P%@é?lﬁcti numbest ol enisedes rospeeEvelyforabout

3.75Q ; eadf i : . .8l i SH
cat egory L e e B O Y Wlerin g R0abilthy oIS B et
wher éi n munker 0§ SNSEE definegasy i s above about 7.0. 1 27. The nethod of claim

26, further conpri si .a sel ect

- Ng; fining a probability of incurrj
nunbeglrJ of SH epi spc?éd;gfsesgfﬁ)eg&alk%pgl F%‘Ee%(’% p‘ﬂlﬂbgb%ﬁgaé‘%@b;\\gg"y&ft NSH
categori es; whneiring abautd) $H epiabidsidnil aBHG aSHI% pfodaBiEe) bﬁflﬁcﬁﬁhg%out‘h sumber
of SH are defined as: 5 said classified category 1 corresponds wth about a
90% pir obabi | | BroH gPispdesoveige Rpsigtermined dyptiondes and about a 10%
probability of incygyj !)ﬁ:etao i s over. .t.he
pr edet er mi ned dura%‘!llﬁc{)%l;gg sa#gfgéf}gég?%sggﬁagsa@?g%?oﬁ%ggé’r?rgg?)bdh&s()fm t h about
a 50% pr obabi inctryingfabout 0 SH episodes, 25 % probability of incurring about 1 to about 2 SH

10 episodes, and 25 % probability of incurring more than 2 SH episodes over the

11 predetermined duration;

12 said classified category 3 corresponds with about a 25% probability of

13 incurring about 0 SH episodes, 25 % probability of incurring about 1 to about 2 SH
14 episodes, and 50 % probability of incurring more than 2 SH episodes over the

15 predetermined duration; and

16 said classified category 4 corresponds with about a 20% probability of

17 incurring about 0 to about 2 SH episodes and about a 80% probability of incurring
18 more than 2 SH episodes over the predetermined duration.

1 28. The method of claim 25, further comprising:
2 defining a probability of incurring a select number of SH episodes respectively for
3 each of said assigned EstNSH categories. and

4 providing at least one probability of incurring a select number of SH episodes

w

according to said EstNSH category to which said EstNSH is assigned.
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9 incurring about 0 SH epi sodes, 25 % probability of incurring about 1 to
about 2 SH 10 episodes, and 25 % probability of incurring nore than 2 SH
epi sodes woer/7i2be 11 predeterm ned duration; 12 said cl asBCcisei/magsegory 3

corresponds w4 h apout a 25% probahi |l it f 13 .incurrin gut. 0 SH

epi sgdes, 25%0%pr oB&BMPE)2 ‘il%leﬁl(?g??'i eﬁ'ﬁyuﬁﬁﬂ%ghello’%teé’f}é’(ﬁ&’agﬂéﬁtforlsf"%rﬁi sodes,
and 30 %ypoglyaérnla (SY) of a ipAaht bhded oiBE@ dhfaan|lect&bRR iaGRERTANRd dbftich>
predeterm ned duration; and 16 said classified category 4 corresponds with

about® a Robmpthed §pMPTisiPeof 17 incurring about O to about 2 SH epi sodes and

about, a 80% p gﬂﬁllg L b 6 i e than H_epi sod over .t he
predét erm nedJ < ral;n ch‘%e}.{g@édz%&?#{?é tgn‘g?rﬁglgwﬁéocdl %{P%Sfééﬁf)&?&ﬁ%t}m%%%q’t? gf ng: 2
def i i5i ngfall op blwbod lglddobeyinahe lawe BGrriange @ral) dadedronrsbrl colibct&HBepdagdes
respectively far .3 each of gﬁqd a% i gned. Est.NSH cat egories; and 4

provi’di ng at 9SBEEHNg BBt juiyrg g’f“ﬂ‘??@ﬁ? P$iRg 2 Rredeteanined mategmagicaky

epi _Sqdesforrﬁulﬁ%ﬁ&rd%{&i&&ngﬁitéhW&ﬁ"bﬂ%;%ﬂ@ry to which sald EstNSH is

assi gned. 32 WO 01/72208 PCT/US01/09884 " 1 29. A conputerized nmethod for
eval Gat i ng t hdefinoygp prebahibityoifamduriing a sdect nembeeof $H kyivoddsyesprttive Sldpidof a
pati gnt elgﬁ%%&la Bci‘: (()j(%ta coll ected over a predeterm ned duration, 3 said
met hod conpri gicgr'%?pi c8‘rrputi ng wei ghted devi ation toward | ow bl ood gl ucose
(W) and estimated rate of 5 fall of blood glucose in the | ow BG range

(DrDn) based on said collected BG data; 6 estimating the nunber of future
SH epi sodes ¥ ng 4 sprtemdersvalustins thetlpegriernaupbability deraghere hapeglyermigai d
conput e ; i L f.incurgi. el ect
mumber o e ety BaseA A K s oB) PR 48 el crinlyed ol MG Rlert T 557
syst em fampeisaiguati ng the long termprobability for severe hypoglycema 2
(SH) of a patient based on BG data coll ected over a predeterm ned duration,
sai d ‘syst em 3 C5B5SF SoApPNeRt opegativera Mintainiitibaseidentify mgsatdBRdatt ai n a
dat abase idenf hby¥iae Sepdnaddsta; S a processor progranmmed to: 6
conmput i ng wei ghted deviation toward | ow bl ood gl ucose (W) and esti mated

6 computing weighted deviation toward low blood glucose (WL) and estimated

7 rate of fall of blood glucose in the low BG range (DrDn) based on said collected BG
8 data; and
9 estimating the number of future SH episodes using a predetermined
10 mathematical formula based on said computed WL and DrDn.
1 31.  The system of claim 30, wherein:
2 said computed WL is mathematically defined from a series of BG readings x;, x;, ...

3 x,taken at time points ¢, t, ..., ¢, as:

4 WL =lz wi(x;;2)
ha
5 where:
6 wil(BG;a) = 10.f(BG)? if f{BG)>0 and 0 otherwise,
7 a =2, representing a weighting parameter, and
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7 rate of fall of blood glucose in the | ow BG range (DrDn) based on said
collected BG 8 data; and 9 estimating the nunber of future SH epi sodes
usi ng a wwedetaosrni ned 10 mat hematical fornul a based on secUuUsenpstsed W
and Dn. 1 3]. m_of .l ai.m 30 rein: 2 said conputed W. is

mat h?mati cal I%/m%g}lg%%%éP?o%néaﬂée@?qnﬁgﬁ%flef‘é%a"‘éadi ngs xj, x2, ... 3 xJZ
takero at time poi nD8Dkj=averge of siws L 5y PPovided thatW<sz M (X;52) n;_, 5
where: 6 W (BGa) = 10f(BY"' if f(BG>0and 0 otherwise, 7 a =2,
reprbsenting a wei WRe®ng parameter, and 8 33 WD 01/72208 PCT/US01/09884 9
sai djconputed DR is nmat hematd L,y imed as: 10 DrDn = average of sk+i -
Sk, provided that sk< s%i“%g(’ﬁy%é?‘? G5 b itio. S(k+ t1)2 for k=0,1, ...,
t" -13tj, 13 S(t,) f(xjJy@)&6%)ifedj=1,...,nn. 1 32. The system of claim 30,
wherein said estinmated nunber of future SH episodes 2 (EStNSH) is

mat hematically defined as : 3 EStNSH = 3.3613(W.) - 4.3427(DrDn) - 1.2716.
1 33, The sysyem ofh&digich Solaith'sy, GitiraiAssld REQRSSSE Bimb& dufub SRCLpi
progranmmed to: 2 def iyﬁg predaelterrﬁ ne(r:I Est N%ﬁ cat egorPes, egjgi of pslsa?dgs
Est NSH c@istNgi) ie snaghenegsicalbedefined as:r ange of val ues for EstNSH, and 4 assign

sai d ,Est NSH t £ of ' t egories. 1 34. The system of
cl ai n31 33, V\he],ré)setg%dsa §%E§(&ﬁ§—l %3@7385?%%%% ned as 2 follows: 3

category 1, wherein said EstNSH category is |l ess than about 0.775; 4
cat eg‘ory 2, \A§13er ein said EstNSH category i s between about 0.775 and about

3. 75 The system of claim 30, wherein said processor being further programmed to:
2 define predetermined EstNSH categories, each of said EstNSH categories
3 representing a range of values for EstNSH; and
4 assign said EstNSH to at least one of said EstNSH categories.
1 34.  The system of claim 33, wherein said EstNSH categories are defined as
2 follows:
3 category 1, wherein said EstNSH category is less than about 0.775;
4 category 2, .wherein said EstNSH category is between about 0.775 and about 3.750 ;
5 category 3, wherein said EstNSH category is between about 3.750 and about 7.000;
6 and
7 category 4, wherein said EstNSH category is above about 7.0.
1 35.  The method of claim 34, wherein said processor being further programmed to:
2 define a probability of incurring a select number of SH episodes respectively for each

3 ofsaid assigned EstNSH categories, wherein said probability and said respective select

4  number of SH are defined as:

5 said classified category 1 corresponds with about a 90% probability of
6 incurring about 0 SH episodes and about a 10% probability of incurring about 1 or
7 more SH episodes over the predetermined duration;
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5 category 3, wherein said EstNSH category is between about 3.750 and about
7.000; 6 and 7 category 4, wherein said EStNSH category is above about
7.0. 1 3wodhre2oet hod of claim 34, wherein said processor POEURE/MBS4H her

programmed to: 2 define a probability of incurring a select nunmber of SH
epi s8des respecti \Fé’ldfl‘fsé‘rﬁ%gﬁetl"rgorg %qor@éP@dé%F@?@HgEéQ%ﬂpl&E’ﬂ%Qf i es,

wher @i n sai d jpERRAP LD S ' : e
defined as: é sali rggcl as?isg?g%%aeg’ezgg% qadgig??ggg%n lsn%\/vld%? Epgt)oo%{ougtlgg&)
probdbility @pisedésnend 25 Pigprabahitity®f Shéuepng moesthand Skbepisodas 208nthe obabi | ity

of incurring about 1 or, 7.nore SH epi sodes over the predeterm ned
dural'?i on; 34%@%&?”%%@/ US01/ 09884 8 said classified category 2

corrigsponds with aaRldlassifed %R drickyords vt dWoui 4 D58 pRowuBiLit) oBH

epi sodes, 25 % probability of incurring about 1 to about 2 SH "~ 10 epi sodes,
and 135 % pr obegirting gbastt 0iSit epipades, 2k @rebedility ofincupingsbeyt biceabouha SH

predet er m ne tLONzA 42 1,d:. Cl 1fi.ed t cor onds with
bout & 2506 SPORaRr PR 50 SFeEelit BN EEnGR BURARIEnERHEE G IRG,

probabi |l ity grederamiidddnratiatitndl to about 2 SH 14 epi sodes, and 50 %
probability of incurring jmre than 2 SH epi sodes over the 15 predeterm ned
dur dfi on; and 16 §81do°1%%%‘é-g§icﬁ'ieéﬂyé'a‘i°éﬁ’é?‘y‘dé Wity shouh Afe nRPRAbIEB Gt a 20%
probgbi ity Gheukdng Bt 0ItHIAROWH EpikGied ARY hbsut 210sPpBIG AN InaRAHE @ 80%
probability ofci nlé%rri ng 18 nore t%laneg SH e%% sogesbover t'he B?'gge erm ned
dur a8i on. 1 3wore Then Z§Htepinodés wienthmB&ictasingnesl duratitind pr ocessor bei ng
further progranmmed to: 2 define a probability of incurring a select nunber
of SH episodes respectively for each 3 of said assigned EstNSH categori es,
and 4 provi dgeat |'HasdyseReoflaRdE3, hhtikindaid ﬁfaéégsbﬂggia%ﬁﬁﬂ@f:f)rdgmgéd e SH
epi sodes according 5 to said EstNSH category to which said EStNSH is

assi gned. 1 3ipfingagrehability ot wavrive asplererambar of $H epigadpgyresprstivelydor each

pr obabi | jet.y: 4f QL . ma (SH) of a patient, said system
corrp?i sidgtéé(ldfgég%avggégﬁﬁéa%gﬁggwéﬁaﬁani sm said acquisition nechanism

conf i4gur ed t grevidelarleasBone grobabitityf sfdmurtifg paéleamumber of SH episodes according

5  to said EstNSH category to which said EstNSH is assigned.

1 37. A glycemic control system for evaluating the long term probability for severe
2 hypoglycemia (SH) of a patient, said system comprising:
3 a BG acquisition mechanism, said acquisition mechanism configured to acquire BG

4  data from the patient, -

5 a database component operative to maintain a database identifying said BG data;
6 a processor programmed to:
7 computing weighted deviation toward low blood glucose (WL) and estimated
8 rate of fall of blood glucose in the low BG range (DrDn) based on said collected BG
9 data; and

10 estimating the number of future SH episodes using a predetermined

11 mathematical formula based on said computed WL and DrDn.
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5 a dat abase conponent operative to maintain a database identifying said BG
data; 6 a processor programred to: 7 conputing wei ghted deviation toward

| ow bl oodvgbucnse (W) and estimated 8 rate of fall of bPoDdsalwssase in
the | ow BG range (DrDn) based on S%I d collected BG 9 data; and 10
estifating t & nurﬁ)éﬁ’mB‘Fte‘f RFOETE BIR %‘ﬁ.cg@@wnam?@p&t%ﬁlé@@!e@ﬁﬁhﬁ@dlavm

mat hematp, (;@glﬁ fRl Rt 8
ot o BBt B l(%ﬁiggnﬁg?oelr pa?(l)%r am 55 uctrq’ggﬁ@ﬁl pler %ég‘ﬂ&%@?@
useaBl e lmleumpmbﬂgy far sevarp bypoglyneoys €6H) ofgi patieotbasedhint Boigdada, shidast one
processqr | i n ea coor’r%n %Ifsltrem to evaluate 3 long termprobability for
severe hyp(% {/B%r%r ? pésub%ltl ent based on BG data, said 4 conputer

progsam | ogi Qoﬁ%ﬂﬂﬁg suergnedme@mamwadwgm l6kRsé And espdiled e & ood
gl ucose (V\Lg estimated rate of 6 fall dabl oodgvé/Fgcose in the | ow BG

rangé ( drlbal blead ehucese @éh%ll%‘bBGéé@&f‘c(IB@nﬂh%S&d ogsaidroleetedBG dagastand nunber

of fyture SH based
on sdi d compir SgE Bty S hEESHRIEe R YBRALICERnea Bulfic FFT
38, wherfetnuls bagtdoansaid @mputelgWadandDdDagi ¢ further conprises: 3 defining a
probability of incurring a select nunber of SH epi sodes respective to said
4 estinmated SH epi sodes. 1 40. A conputerized nmethod for evaluating the

shorty term risk fofhSeuthee IR A4l D8, QhhefeiR il RBMpRRS BFb oPdn BG

dat a coI | ected over a p élder?)é%fngﬁ%k (gl%r aﬁ' oln se?}l;1 r#et h08 co§p|‘gQS| ng: 4
conpat i dogivdirtier edmgesdsat i on toward | ow bl ood gI ucose (W); 5 determining

Va b | at A f 6, det k
Val g by 1 ak SR GEBTRL M MRt e A ORRS T PP TR o Sl

pr edat erediimedd $¥ edikades. said risk value is mathematically defined as: 8
risk value = W Max(wl) . 1 41. The nethod of claim40, wherein: 2 said
conputed W. is mathematically defined froma series of BG readi ngs x1, x2,

Xxn 3 takgn ovg E:oﬁlgﬁteﬂ&&fjﬁgt‘ﬁgmf&ee@aﬁu{iﬁé {h%rlhgﬁ term risk for severe

2 hypoglycemia (SH) of a patient based on BG data collected over a predetermined duration,

3 said method comprising:

4 computing weighted deviation toward low blood glucose (WL);
5 determining Max(wl) by calculating maximum value of wl(BG;2); and
6 . determining risk value by taking the geometric mean of WL and Max(wl) over said

7  predetermined duration, said risk value is mathematically defined as:

8 risk value = WL o Max(wl) .

1 41. The method of claim 40, wherein:
2 said computed WL is mathematically defined from a series of BG readings x;, x5, ... x,

3 taken over the predetermined duration as:

4 WL = lZwl(x,. ;2)
h i=l
5 where:
6 wil(BG;a) = 10f(BG)* if f(BG)>0 and 0 otherwise,
7 a =2, representing a weighting parameter.
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n4 W =-YW(X,;2) nr_15 where: 6 W(BGa) = 10.f(BG if f(BG>0 and 0O
otherwise, 7 a =2, representing a weighting paraneter. 36 WO 01/ 72208

PCT/ US01M98872208. 42. The net hod of claim40, further conpCcT/vBm@Ioss

provi ding a predeterm ned. thresh ri sk val ue; and 3 conparing said

det ermi ned r ik v;ﬁ?én?tgo%ﬁ ﬂa%gégr‘l'\’&];‘?icf’%’k‘swgl ue. 1 43. The nethod of
claim 42, Wheyr&illingd prédeté@rhindPhiAdIAeEK ValRK; M@l ue IS greater than said

t hreshol d val'ue then short termrisk 3 of incurring a hypoglyceni c episode
i s hidgh; and comppriagpaid deteanived sigk valuk to/saiidithrésholdaisk wahwen sai d t hreshol d
val ue then short termrisk of 5 incurring a hypoglycemc episode is low 1
44. The nethod of claim43, wherein said short termis approxinmately a 24
hour 1 2 perio@d. 1 A mdthed oBtlaRg4Dfwigdréthim 43, wherein said short term
ranges froma oa‘l;lé 12 to 2 about 72 hour period. 1 46. The method of claim
43, viherei n dhidd defeaningd sk ¥lye is greatgrihasaid thsesholdrvalye then shasbtempiriskd of
clai m 43¢ ;00856 | . ‘ el between about 12 to 2 25. 1 48.
A syrs% eeanflor é a?ggﬁégﬁ%&gﬁgéélﬁ%%tlyﬁgymmﬁsk for severe hypoglycem a (SH) of
a 24patient ibssédetormiB&d diak saloeold lestthah @wbthreshpldedibiesthen stedt Wem aisk ofi, sai d
system conpr.i si 2‘9 ?T a dat abase, iorrponent operative to maintain a database
i dent] f)}PﬁB’"E%F‘ BREYATYC CPROYE 15/ P¥essor programmed to: 5 conpute wei ghted
deviation toward | ow bl ood glucose (W); 6 determ ne Max(w ) by cal cul ating
maxi mum val ue of Wl (BG 2); and 7 determ ne risk value by taking the
geongtri c nedd of The method/ak¢lain 4Bweereig saidiston ternheis epprioniagatelya2dilonr  sai d
ri sk2valptéglo'hs mat hematically defined as: 9 risk value = JW. Max(w)

1 45.  The method of claim 43, wherein said short term ranges from about 12 to

2 about 72 hour period.

1 46.  The method of claim 43, wherein said threshold value is approximately 17.

1 47, The method of claim 43, wherein said threshold value is between about 12 to
2 25,

1 48. A system for evaluating the short term risk for severe hypoglycemia (SH) of a
2 patient based on BG data collected over a predetermined duration, said system comprising:
3 a database component operative to maintain a database identifying said BG data;

4 a processor programmed to: A

5 compute weighted deviation toward low blood glucose (WL);

6 determine Max(wl) by calculating maximum value of w/(BG, 2); and

7 determine risk value by taking the geometric mean of WL and Max(wl) over
8 said predetermined duration, said risk value is mathematically defined as:

9 risk value = WL & Max(wl) .
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37 WD 01/ 72208 PCT/US01/09884 1 49. The system of claim48, wherein: 2
said conputed W. is mathematically defined froma series of BG readi ngs Xxj,
X2, ... o oB7heken over the predeterm ned duration as: npdrNkor09ssaM (X; ; 2)
nr_15 where;,6 BG . a) #,10.1(BG i.f f(BG>0and 0 otherwise, 7 a =2,
repri}senti ng %\9\/\5:,\‘5{%? %ﬁ&“ﬂ)ﬁ#%{?ﬂ@f éé’.w(%r%'@r. The system of clai m 48, wherein
sai d pr ocess oaideirfigitdWINAmRhOFERAG dehilid frdm BISeMEAST BGREAARIS) NG,
threshol d risk value;, and 3 conpare said determ ned risk value to Sal

t hr eshol tgken @ver thel predetermigad durpéonsasst em of cl ai m 50, wherein: 2 if said
determ ned risk val ue ils,, greater than said threshold value then short term
risk 43 of incurrimg qa_lzpag,kimem' c episode is high; and 4 if said

determ ned risk value hsIless than said threshold value then short term
risk of 5 incurring a hypoglycemc episode is low. 1 52. The system of
clai M 51, wherein ‘é[g?rﬂ' short termis approximately a 24 hour 2 period. 1
53. The net hod of cl ai . rei i s from about 12
to 2 about 72 hour perii'vg(g.G’ 51?@1%ﬁg£g{l§b&¢aégﬁé%éﬁl?£Merei n said
threshol d val ue i s apprax2agprbsnting a vieiglBingfaeametethod of clai m 51, wherein
said threshold value is between about 12 to 2 25. 38 WO 01/72208

PCT/ US01/ 09884 1 56. A glycemc control systemfor evaluating the short

termiisk for5keveTke &stypottinieess, aviemdih saifl pfodedok BBihg fHthed pﬁ)%?]irﬁﬁl‘ed to:
conprising: 3 a BG acquisition nechanism said acquislition mechani sm

confifgured t oPa¥aiamsedstsrmanceg theeshold sk Melugaandent |

3 compare said determined risk value to said threshold risk value.
1 51.  The system of claim 50, wherein:
2 if said determined risk value is greater than said threshold value then short term risk

3 ofincurring a hypoglycemic episode is high; and
4 if said determ_ined risk value is less than said threshold value then short term risk of

5  incurring a hypoglycemic episode is low.

1 52.  The system of claim 51, wherein said short term is approximately a 24 hour

2 period.

1 53. The method of claim 51, wherein said short term ranges from about 12 to

2 about 72 hour period.

1 54. The system of claim 51, wherein said threshold value is approximately 17.
1 55. The method of claim 51, wherein said threshold value is between about 12 to
2 25,
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5 a dat abase conponent operative to maintain a database identifying said BG
data; 6 a processor programed to: 7 conpute wei ghted deviation toward | ow
bl ood gl wose72v4); 8 determ ne Max(w ) by cal cul ating nani:wmnmks;fe of |
W (BG 2); and determ ne risk . value by taking th eonmetric nean of WL an
|va§<( ))over 5‘?-0 s i@%%ﬁ&?@%%sﬁ%ﬁné@eé@ ughng Q’ﬁiéogit%@ ek {98 sgvsre

mat hexat hjiglyeedf (SBHéf @ patidnk, daiBLystedt finprisilg: Max(wl) . 1 57. A conputer
progr am product conprising a conputer useabl e medium having 2 conputer
progriam | ogi ca BEracanigiionmpechanismasaid acmpisitiormsedwnisimcanfigomuiub ecquesBém t o

eval yate ermrisk for severe hypoglycema (SH of a patient
basegﬁond%grggﬁtgggétﬁﬁnéct ed over 4 a predeterm ned duration, said conputer

progrsam | ogi ca dnsse 8orAPoneht GHsTMiM t6 gnattliid ®eatdsyidehiiBingd SVEBG daew bl ood
glucose (W); 6 determ ning Max(w ) by cal cul ati ng maxi mum val ue of w (BG

2); &nd 7 detEPRFFSHPIPEERINGD Qe by taking the geonetric mean of W and
Max(w ) over sai co%gﬁﬁigv:@fgg{émd%ggugfﬂﬁdlg\%_w ﬁ%{(ﬂ)g (8{5,\‘,1\“)%5" t’\?t e rs

mat hemati cal |y defin risk value = 8. The conputer
progréam product of detéraiime Bfax(wihby ealoulstngimetirmut eslupbd@l(@@; 22 ahdgi ¢ furt her

conprj ses: 3 providing.a predeterm ned threshold risk _value; and 4
corrpaglri ng said detcgell?ﬁqﬂlé%g?l? uq,é}(@glqgc}ﬁggqinqtﬂg E?HBPEV&WM%&&.OV'@S 39
10 said predetermined duration, said risk value is mathematically defined as:

11 risk value = /WL e Max(wl) .

1 57. A computer program product comprising a computer useable medium having
2 computer program logic for enabling at least one processor in a computer system to evaluate
3 the short term risk for severe hypoglycemia (SH) of a patient based on BG data collected over

4  apredetermined duration, said computer program logic comprising:

5 computing weighted deviation toward low blood glucose (WL);
6 determining Max(wl) by calculating maximum value of w/(BG;,2); and
7 determining risk value by taking the geometric mean of WL and Max(wl) over said

8  predetermined duration, said risk value is mathematically defined as:

9 risk value = (WL e Max(wl) .

1 58.  The computer program product of claim 57, wherein said computer program
2 logic further comprises:
3 providing a predetermined threshold risk value; and

4 comparing said determined risk value to said threshold risk value.
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