. N CV of patients with mean
THE MINIMUM DURATION NEEDED TO ESTIMATE 24H TIME IN RANGE Glycemic variability (GV) v MD - Element P.S._How about the MD for other GV?
. . . s . . AOC<70 363.7 40.3 B i i — -
Soichi Take|sh|’ Tatsuo |n0ue’ and Ryogo Himori S, . 103 . CV of patients with mean GV correlated to MD (r=-0.66, p<0.001) (n=30).
< . .
Department of Dlabetes, |nuyama Chuo General HOSpItal Hypoglycemic Index 258.4 0.3 B MD varies among GV, depending on CV of patients with mean GV.
. LBGI 203.0 40.3 B GV metrics are roughly classified into 3 group by calculation element of which the formula consists.
Research design & Methods
Bac kg round 9 IGC 1194 48.3 B Category element (C): In calculation process, glucose levels (GL) convert to O or 1.
 Itisuseful for patients using a + Inacross-sectional study, we analyzed 24h glucose levels measured using CGM (iPro2) for 150 patients with type 2 diabetes. Example Table 1 TBR<54 447.6 50.7 C Quantitative element (Q): GV metric values remain quantitative data.
ersonal CGM to know the . . . : . . . i
P . duration TMD1 0:00 *  We calculated TIR, corresponding to 173 extracted durations (ED) [0:00-09:40, 0:00-09:45...0:00-24:00: 40-100% of 24h (40-100%)] (EDTIR). Group Selected groups Gvp 67.7 53.1 Q Having both elements (B): In calculation process, GL partly convert to 0 and the other GL are used to calculate GV metric values which remain quantitative data.
il Uljatlon [ ' ] 'rom . W d patients in d o] der of 24h-TIR king f 1 to 150. Then, 80 patient lected 21 ti h in Table 1 s il e MAG 91 >4 N
needed to estimate t1m1e in range e arranged patients in descending order o —TIR, ranking from 1 to 150. Then, 80 patients were selecte imes as shown in Table 1. ; s 211(128 i CONGAL 103 55 o 0 > High CV (of patients with mean GV) element:
;Ogéfg(zzr;‘g/qr'-lg-rt'?{(ngln 0:00t0  «  MD needed to estimate 24h-TIR were provided by correlation coefficient analysis using R2=0.9 as threshold, in all patients and corresponding to 3 1.6, 57-128, 149150 Mean 243 625 Q Frequent 0, B, C, Logarithm, Hypermax (max of hyperglycemia risk)+Hypomax (max of hypoglycemia risk), Low denominator
: - ’ 4 1-9, 60-127, 148-150 : :
appropriate intervention time to the 21 groups. 5 112 63-126. 147150 TAR>140 53.9 63.2 C > Element keeping ranks:
achieve target 24h-TIR. 200 . 6 1-15, 66-125, 146-150 TIR70-140 63.4 64.9 C Chronological difference variability, Averaging
_ _ b 4 7 1-18, 69-124, 145-150 AUC>140 96.3 65.6 B
»  The aim of the select shown in Table 1 0 Simulation > 8 1-21, 72-123, 144-150 ' ' GV metrics are further classified by color according to the characteristics below. (my opinion)
. i i i ’ _ i ici i 150 : - — - HBGI . . B . . .
Wehassumzddthgt the number of Pat:nts ln;‘/feézed as ﬂie patients’ 24h-TIR increased because study participants were patients 140 / = 190 1 ;‘71 ;g Ei iig 128 G 933 06.0 GV: The proportion of “0” is high. B or C element. The fact that hypoglycemia mainly occurs during nighttime have already almost made the rank among patients irreversible at ED of 0:00-09:40.
ith t iabetes i it ital (“ ). : Ty [T AT TAR>180 93.6 66.3 C
WITL YD = CHARETES T COT MUY 105PTA ( Lasne ) . - 110 / 11 1-30, 81-120, 141-150 These make change of rank among patients difficult.
. We also assumed theoretlca”y that patlents with 24h—TIR of around 50% had hlgh SDEDTIR at least for the case where minimum lgg GL1 GL2 GL3 GL4 0 12 1-33.84-119. 140-150 J-index 51.8 67.4 Q ....................................................................................................................................................................................................................
EDTIR was 40% because, in the case where glucose levels were within 70-180 mg/dL during nighttime and those were out of 70— & 24h-TIR, % 100 0 399 656 13 1-36, 87-118, 139-150 TIR70-180 38.9 674 C GV Accumulating differences between close timepoint chronologically is easy to make irreversible magnitude relationship among patients because “CV of ‘chronological differences of GL’
180 mg/dL during daytime, and vice versa, as shown in GL 3 and 4 in the simulation data, the 24h-TIR became around 50% with & / soEDTR% 0 0 164 141 ig 1722, ggfﬂg, ggfigg M value (100) 087 68.4 o ( cDy’ (“CDCV,,) is much higher than “CV of GL (CV) TR numerator” is closc in bothfegeldenominator for CDCV is quite lower than that for C\/ ISt Ro e e e M LR
high SDEDTIR (“Assume 27). 40@ 0000 LLEEE OO 06O OO 6O e or t1E 2R . .
. . . 16 1-45, 96-115, 136-150 varlablllty] ‘
. We Set the Stal’t Of Select as ranks 51_130, Intendlng that the mEdIan Of 24h_TIR were mUCh gl’ater than 50% due tO “Assume 179 Q7 NT YT el 9 \Q NS Q’ \?’ \b‘ \‘7 N <\ \°° \O’ Dy '\')’ W 17 1-48. 99-114. 135-150 ADRR 619 698 Q ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
and intending “Assume 2” e GL ] em—GL 2 GL3 GL4 18 161 '102_113: 134150 AUC>180 136.4 70.1 B GV Normal quantltatlve variable (Q element) with quite Iow CVEDGV
_ _ Endpoints R 19 1-54,105-112, 133-150 Ccv 44.9 70.8 Q GV: B or C element. Tk{e proportion of “0” is lower than the‘_gav colored in blue. When GV values change from 0 to >0, the ranks among patients be sure to change. This is more frequent than the
+ The MD_ in all patients N . DIStI’IbUFIOH of 24h-TIR and SDEDTIR ;cl) 1—57,1123—12, 135—150 CONGA? 495 2792 o oV colored inblue, Y
+  Correlation between 24h-TIR and standard deviation (SD) of 173 EDTIR [SDEDTIR] +  Correlation between mean of SDEDTIR (MSDEDTIR) and MD (n=21) —60, 13115
CONGA4 49.0 72.6 Q GV: High CV of patients With high CV of ED GV (CVEDGV) due to logarithm and Hypermax+Hypomax
Result and Discussion SD 48.0 726 Q GV: Normal guantitative varlable In general, CV of ED varlabllltv is higher than CV of ED mean.
CONGA3 48.8 73.3 Q
. . GV: B or C element. CV of ED TAR>250 Rk as values because the GV values are almost 0 during ni httlme and extreme hyperglycemia occurs during daytime. This makes
Patient characteristics SDEDTIR 1 Group MSDEDTIR MD (% of Median 255 74.0 Q y Jnio yPergy 9o
Characteristic Values 16 —_— r=-0.62 p <0.001 number (%) 2 4h) TARS250 1733 75 7 c change of rank among patients easy IGC (Hypoglycemic Index, Hyperglycemlc Index) is the easiest to vary among the metrlcs shown left because “absolute values deviating from threshold”
. . > . .
N (Male / Female) 150 (86 / 64) 14 1 71 85.8 Hyperglycemic Index 241 76.0 5 (deviating values) convert higher rlsks as values than the other hype’r orhypoglycemlc metrics. This is because, in IGC, dewatmg values are averaged by the number of those, though, in the others,
Age, years 69.3 + 13.7 ' ' :
Blg\:]/ll ykg/m2 NYPY .t SDEDTIR 1 2 6.8 82.6 Interdecile range 483 774 0 those are averaged by the number of alt, glucose levels (low denommator)
HbA,lc NGSP), o . 0 ) 8 .............. 3 6.6 80.2 Interquartile range 56.1 81.3 Q GV: Normal quantitative variable with hlgh CVEDGYV due to rank vaiues (Averaglng makes CVEDGV lower).
, % : : o 10| e e Difference between 4 6.3 78.5 ' ' . |
24h-TIR, % 69.1 < “® patients| ' . > Element C: category element :
Data are shown as mean = SD. :3:: 8 ° . < 5 6.1 75.3 Q: quantitative element B: having both elements 3 : E ;
o o . 6 5.8 73.6 We created the S|mulat|on data to investigate the greened characterlstlc
1 n =150 a 6 ; ° ' Cog o v 5.5 715 » The GL1 and GL2 were created lntEndlng the below purpose _ ;_
0.9 P 4 . . ~: e ;0 8 53 69.4 ¥ We scored GV to visualize the effect of GV metric’s characteristic on MD, based 1. Mean, SD and CV over total duration are identical between Time:, GL1 GLD1 GL2 GLD?2
° Y o, . A . \_‘ - ‘_“‘ E E :......E
08 2 e o g\ : 9 5.0 68.4 on the above consideration. Higher score means stronger effect on shorter MD. GL1 and GL2 and between GLD1 and GLD?. 0:00 : 200 E eeens : _2_@__ ________
0.7 0e % 0 10 20 30 40 50 60 70 80 90 100 10 4.8 66.7 2. Making a difference between GLD1 and GLD2 early yo 00 1505 >0 5150 : 50
06 0 20 80 100 24h-TIR, % 11 4.6 65.6 Score oV oV ©oV GOV OV oV OV OV . 010 % 1100 50 $150 ; } 0
0.5 24h-TIR, % *  The number of patients increased as the patients’ 24h—TIR 12 4.3 63.2 Raise “CV of patient” 10 0 0 3 5 0 5 0 To achieve the above purpose, simulated GL Were arranged in a 0:15 150 50 100 50
x *  24h-TIR correlated to standard deviation (SD) of 173 EDTIR [SDEDTIR]. increased. 13 4.1 60.1 Reduce “CVEDGV” 3 5 10 4 3 5 0 3 crossover as shown. High CDCV is easy'to make large 0:20 200 50 :100 0 :
0.4 + The MD in all patients *  24h-TIR for patients who had high SDEDTIR was mainly concentrated inthe range . Mean of SDEDTIR (MSDEDTIR) correlated to MD (1=0.998, 14 3.8 57.3 irreversible element . 10 . 4 4 5 0 3 _ Y 1 0:25 3150 150 : +150 : £ 50 :
0.3 (30%-70%), and patients whose 24h—TIR was in the range (0%—30%, 30%-100%) p<0.001) (n=21). —> 15 3.6 55.9 A : , . Chronological differences magnitude relationship'of GV, 10:30 100 : 150 2200 : 50 -
had low SDEDTIR. ' ' veragin 5 5 5 5 5 . . A N HE T : : :
0.2 r: Pearson’s product moment correlation coefficient 16 35 52.4 ging (CD) are d¥ectly independent which also makes high Va{-.!ab'“ty 0:35 : 150 %0 : :200 : : 0
Total 25 20 18 16 14 13 10 6 . . I B- P H : : : : :
0p = : . . . . f tude relationship, bet :40 : 200.: : 50 : -150 : : 950 :
0.1 67.4% =4 PM 1. starting to select the patients in the colored area; 2. dividing the patients into 2 groups; 3. shifting the select to high and low 24h-TIR 17 3.4 52.8 from mean GL [MGL] ° r-nagm e retations _Ip_ e_“‘ween Gas ‘150" feg s | g
0 The above process leads to lower frequent high SDEDTIR and higher frequent low SDEDTIR. 18 3.2 50.3 > Regarding score for averaging (indirectly relevant), however, ~ Patients. As a characteristic of:, Vooviedd :5—-—-4: guasnad
40 50 60 70 80 90 100 19 3.2 51.7 ] e ) ) ) . SD depends on MGL. Thus averaging, more proceeding ; 0:“?0 1505 “"-._ 0 200 50
i 0 . . . . L . ' ' : g : CA : : : H : :
Extracted durations, % of 24h Higher 24h-TIR leads to lower differences in 24h-TIR between patients and lower SDEDTIR, resulting in offset for influence on MD. 20 3.0 50.0 GVs excepting ADRR, median, interdecile range, and interquartile range are sure to include dtoCD. SD i averaging GLD over time leads to 055 : 100 ; 20 : : 150 : : S0
Lower 24h-TIR leads to higher differences in 24h—TIR between patients and lower SDEDTIR, resulting in shorter MD. 21 3.1 50.3 averaging in calculation process. ADRR, median, interdecile range, and interquartile range got a compareco ’ ey lower variability of averaged GLD LOQ._ $100: P 0 100 ¢ £90
score of 0, as the basis. GV colored in skin color include M value and ADRR. Because M value to reverse magnitude y g 5105 : 150 5 £ 50 : :150 : : 50 :
O ochi Thus, It is difficult to reverse the PPN - 500 - B S - : : it
includes max and min GL in calculation process, we gave a score of 4. Therefore, total score of relationship. 110 : 200 : 90 : : 200 : : 50 :
difference once made. Thisisa : 200 B S0 : : 150 :
GV colored in skin color becomes 2. We gave a score of 5 to GVs excepting those colored in 1'1“2 : 200 : K : 0 : : 150 : : >0 :
Correlation coefficient analysis We explain about 2 important contents which are brought by the characteristics of correlation coefficient analysis. lavender and skin color characteristic of CD. : 1:20% % : 150 - 50 : 100 : 50 :
) ) " ] ' "8 5 1:25 % £ 150 0 150 f 50
» The data were analyzed using Pearson's product moment correlation coefficient. However, explanation I ] 11 [\ \Y VI CVv I 1 Il v \Y VI CVv . . . . . v . . Y . . - : . : .
using Spearman's rank correlation coefficient is easier to understand. Therefore, we explain using A 100 101 99 101 99 100 0.89 A 10 11 9 11 9 10 8.9 > Regarding score for raising “CV of patient” D of mean of GL D of SD of GL D of mean of GLD D of SD of GLD ED rom_o 00 Emean ESD ECV Emean ESD ECV Emean ESD ECVEmean ESDECV
Spearman's rank correlation coefficient. The theory for Spearman's rank correlation coefficient is almost B 90 89 91 89 91 90 099 B 9 8 10 8 10 9 9.9 _ _ _ _ 167 211 250 354 10.0 1500 500 50.0 0.0 1667 28.9 250 354
the same as the theory for Pearson's product moment correlation coefficient. C 8 8 79 8 79 80 112 cC 8 9 7 9 7 8 112 GV with Q element had a score of 0, as the basis. Regarding the other GV, we scored referring to 0.0 0.0 16.7 -28.9 150 %% 1500 408 L 500 00 150.0 408 333 289
(D) 70 69 71 69 71 70 1.28 D 7 6 8 6 8 7 12.8 the actual “CV of patient”. High CV element for GV colored in yellow was lower than the other 20.0 0.0 25.0 -28.9 20.0 "".“_ 160.0 41.8 50.0 0.0 140.0 4138 250 289
F 5 49 51 49 51 50 179 Foo5 4 6 4 6 5 179 0.0 0.0 16.7 258 300 L1500 408 500 0.0 1500 40.8 333 258
G 40 41 39 41 39 40 2.24 G 4 5 3 5 3 4 22.4 "-
P % m R s % % A A Gomm momn gm0 mear omw
I 20 21 19 21 19 20 447 I 2 3 1 3 1 2 44.7 GVs colored in green and peony had a score of 5 as the normal so that a score of GV colored in ' ' ' ' ' I ' B ' ' . ' '
Simulati ] 10 9 11 9 1 10 8.94 ] 1 0 2 0 2 1 894 0.0 0.0 22.2 -26.4 45.0 i 155.0 % 36.9 50.0 % 0.0 155.0 36.9 278 264
imulation : : - . - 3
KA R B (RaA — red was max score of 10 and a score of GV colored in gold was min score of 0. GV colored in red, 45 oY 15.0 10.0 50.0 . 1545 %350 450 % 158 1501 375 300 258
ank in ank in - - :
A~ B "RaA) (RaB)  RaBY A B RaA RaB (RaB)Z We explain about 2 important contents which are brought by the characteristics of correlation coefficient analysis. namely mean-related GV metrics, got max score of 10 because they have lower CVEDGV than -8.3 1.0 13.6 -10.2 55.0 1500 36.9 455 51 1583  35.9 318 252
: I : : . - the other GV with Q element. GV colored in gold got f they have the highest . - "
1 1 1 1 0 1 4 1 4 9 1, Increased relative variability within rows increases the possibility of decreased correlation coefficient due to change of ranks within columns. The ¢ other GV with Q elemen colored in gold got a score of 0 because they have the highes 7 0.0 8.3 5.2 60.0 1-.,_46'2 38'(3\‘ aL7 19'-.:_5 1538 380 333 246
2 2 2 2 0 2 7 2 7 25 Fficient of variati ithi is 10 ti hiaher in the riaht table than that in the left table. In the left tabl ks withi I q tch CVEDGYV among all the metrics. The score of 3 above was determined as a middle of min and -7.1 0.0 1.7 -5.2 65.0 146.4 36.5% 42.3 18.8 153.6 36.5 346 24.0
coefficient of variation within rows is imes higher in the right table than that in the left table. In the left table, ranks within columns do not change as :
3 3 3 3 0 3 2 3 2 1 R _ _ _ _ N R normal score. The score of 4 above was determined as a middle of the 3 and normal score. -6.7 0.6 71 -5.3 70.0 1800 37.8 %, 429 1827 156.7 372 35.7 234
g ;1 g ;1 8 4 9 4 9 205 shown because variability within rows is relatively low, however, in the right table, ranks within columns change as shown because variability within rows 31 27 33 29 750 153.1 386 400 20.7 1563 35.9 367 229
5 5 5 5 0 2 i 2 i’ 25 is relatively high, namely 10 times compared to the left table. In this case, correlation coefficients between consecutive columns become lower in the right > Regarding score for irreversible element 0.0 0.0 31 2.2 80.0 152'1,_9 374 ) 40.6 202 ¢ 1529 374 375 224
7 7 7 7 0 7 8 7 8 1 table than in the left table. We gave a score of GV colored in green was max score of 10 and a score of GV colored in gold 0.0 0.0 0.0 0.0 85.0 (Total) |ENEYX:] 36.3 38.2 21.9 1528 36.3 38.2
. . . . - . .. o : : sl P/N change P/N change No P/N change  No P/N change Mean 152.3 38.8 A 153.7..37.6 A
g g g g 8 g g g 2 295 2, Decreased differences in mean within rows between rows increases the possibility of decreased correlation coefficient due to change of ranks within was min score of 0 based on the following thinking: 2 2 2 2 . S . g cn
1 r 0 . columns. In the left table, mean within rows varies by 10 mg/dl_ between consecutive rows, howevel’, in the I’Ight table, that varies by Only 1 mg/dl_ Max reversible condition: the condition that “the GV metric values are 0 during nighttime in GLD: Consecutive GL differer-]ce, E mean: Extracted mean, cV 25 ' 9.0 ) R
almost patients and GV metric values exceed 0 during daytime in some patients” occurs with the ED from 0:00: Extracted duration from 0:00, — — — denomlnator s
between consecutive rows. In the left table, ranks within columns do not change as shown because the differences of the mean between consecutive rows P had P P/N change: Positive/Negative change, quite lower than that for C
i i i i ) . ) . . ) ) highest possibility among the above metrics. (Score 0 D of mean of GL: Difference of mean of GL (GL1-GL2),
> Inthe left table, the rank of the number in group A > Inthe right table, the rank in A and the rank in are high, however, in the right table, ranks within columns change as shown because the differences of the mean between consecutive rows are low. In this gnestp b4 J ( ) RD of mean of GL: Relative difference of me(an of GL [|)GL1-GL2|/GL2]
and the rank of the number in group B perfectly B do not correspond. Like this, change of : - : : : : Max irreversible condition: chronological differences of GL (Score 10) '
' ’ case, correlation coefficients between consecutive columns become lower in the right table than in the left table. . ) N . . ) I ¥ The results obtained using the present study design method to estimate 24h—-GV (“R2=0.9")
correspond as shown. Like this, more “ranks within the population” leads to less _ N _ . . . _ Second irreversible condition: the condition that “the GV metric values exceed 0 during nighttime @ Reference
N ' _ _ _ From the above, correlation coefficients between consecutive columns become lower with higher variation within rows and lower differences between in some patients and GV’ metric values are 0 during daytime in almost patients” occurs with the Service F1. Diabetes. 2013; 62: 1398-1404, are practically useful for GV metrics whose formula consists of “category element” (shown as
correspondence of “ranks within the population” correspondence between relative pairs, resulting . i i - 62: - . . . . .
consecutive rows. i ibili i DeVries JH. Diabetes. 2013; 62: 1405-1408 “C” in the upper center table) because patients can categorize GL visually in personal CGM
bet lati irs leads to st lati : K lati highest possibility among the above metrics. (Score 7) Peyser TA, et al. Diabetes Technol Ther. 2018; 20: 6-16. pp p g ymp :
CHEETT TETaTive Pairs 1eads 10 SOnger correiation. 1 eaRer corretation. We gave a score of 3 to normal quantitative variable (Q element) as a middle of max reversible Danne T, et al. Diabetes Care 2017; 40: 16311640
Kovatchev B. J Diabetes Sci Technol. 2019; 13: 627-635.
condition (Score 0) and second irreversible condition (Score 7). Battelino T, et al. Diabetes Care. 2019; 42: 1593-1603. % The 67.4% (16:00) obtained in the present study is specific to TIR70-180.
. . ] . ) . Rodbard D. Diabetes Technol Ther. 2009; 11: S55-67.
COﬂCl USiOﬂ We gave a score of 4 to GVs colored in yellow and skin color as a judge of having a little bit
stronger irreversible element compared to normal quantitative variable.
Soichi Takeishi, MD; E-mail: souichi19811225@yaho0.co.jp » Patients should intervene to achieve target 24h—TIR by at least 16:00.



