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Assessment of dose-response relationship of metformin in type 2

diabetes using machine-learning algorithms
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(AHbAlc b/w Ty ; and Ty ;) & BRI T ;1238
DRAP AR VIZNE e iy 2Ry s Juyiikii e X
1 BRSSP e — W BE 52 5 DIRE
DIEIED A I TEFRIE DM DA MERIF i,

WIRZIE BML A2 A E LT, —RILBIBIRE
DIRET IV (glmm) . EEIATEIC L0 BRI S
AU 7= GLMM(feature-selected glmm). Combining
tree—boosting with Gaussian process and mixed

effects models (gpboost)® 3 -2 AHbAlc T

ETNVERHEE LT,

3. MR

NUSM’ s CDW 7>% 406 4 (7087 observations)
@ T2D BEOERESESIIH SNz, fhitshi
T2D & O AR A LR EE R, #
HAEHR AR 1 I0RT, T2D ¥ HbAlc 1%, #
F RV 2 U BBARE 8.2% T o 7N, HIRIRIC K
Dﬁ@TWﬁ%ﬁéhfmtobmbﬁﬁg\f
kAL R O BRSO MR T IR OB

T HbAlc fEiTHERF &AL CTU e,

#& 1. T2D BEFRORHNZHER.

Index date 2years 4 years 6 years 8years 10 years
N 408 165 107 67 38 20
Age (years), mean (SD) 57.7 (126) 589 (11.5) 61.2 (11.6) 63.8 (10.4) 67.5 (10.2) 68 (9.5)
Male, N (%) 258 63.5) 102 ©1.8) 65 (60.7) 44 (65.7) 19 (50) 9(45)
BM | (kg/m?), mean (SD) 259 (5.1) 26.1 (5.1) 26.1(47) 26 (4.5) 25.7 (4.2) 25.8 (4.7)
Duration of T2D (months), median (IQR) 0(0-23) 26.8@54-285) S505(49.7-525) 754 (74.4-76.7) 100 (88.9-101.1) 125.4 (123.8-126.4)
Blood test results, median (IQR)
HbAlc (%) 8.2(7.4986) 7.1(6.6-7.7) 7.1(6.8-7.8) 7.1(6.6-7.8) 7®.7-7.5) 7.1(6.8-7.7)
Hemoglobin (g/dL) 14.5(13.4-155) 142(13.1-152) 14 (12.8-15.1) 13.9 (129-15.2) 13.4 (12.5-14.6) 13.1 (12.2146)
AST (U/L) 23 (18-35) 21 (18-28) 22 (19-30) 21 (17-30) 21(18227) 20.5 (15.8-23.8)
ALT (U/L) 27 (18-46) 24 (16-40) 23 (17-39) 20 (15.5-34.5) 19 (14-28) 17 (12-26.5)
BUN (mg/dL) 142(116-16.8) 141 (11.4-168) 148 (124-17.2) 153 (11.8-17.7) 14.9(12.8417) 146 (12.4196)
eGFR (mUminl1.73rn2) 78.4(65.7939) 76.2(64.5884) 754 (®42-885) 71.2(63.2-81.8) 69.4 (59.7-80.5) 67.9 (57.4-784)
# of oral hypoglycemic drugs 1(1-1) 2(13) 2(24) 32-4) 4 (2-5) 4(3-5)
Metformin (mg/day), N
0 0 4 0 0 0 0
250 26 1 0 1 0 0
500 380 58 29 17 1 4
750 0 45 25 1" 8 7
1000 0 36 32 26 1 5
1500 0 18 17 10 6 4
2000 0 1 4 1 1 0
2250 0 2 0 1 1 0
Other oral hypoglycemicdrugs, N
Acarbose 0 3 3 2 2 1
Voglibose 0 1" 6 7 4 3
Miglitol 0 10 9 6 6 4
Alogliptin 0 5 9 7 8 3
Saxagliptin 0 0 3 1 0 0
Sitagliptin 0 39 28 20 16 12
Teneligliptin 0 12 7 6 4 1
Vildagliptin 0 21 23 21 14 F 4
Linagliptin 0 6 3 3 3 1
Nateglinide 0 3 3 3 3 1
Mitiglinide 0 2 1 0 0 0
Repaglinide 0 2 2 1 | 1
Ipraglifiozin 0 3 4 3 1 1
Empaglifiozin 0 0 0 2 0 1
Canaglifiozin 0 4 5 4 - 1
Dapaglifiozin 0 6 7 2 0 0
Glimepiride 0 3 24 19 14 8
Glidazide 0 23 2 18 15 1"
Glibendamide 0 10 8 - 3 3
Pioglitazone 0 17 12 8 5 3
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2D 406 £ T2D BED S L, 365 4(6464
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selected glmm X AHbAlc O FHIPEGEIXFRI% TH
V. gpboost IZZND 2 SDOEF /LY G B
AHbAlc O FHIMEREZA L Tz,

08

07

0.4

RMSE

glmm feature-selected
glmm

Algorithm

gphboost

K1 3 o0EmEBEIAEO AHbAlc%rﬁlJrétﬁ‘*(DtI:i& A: FJIRT—#
TRYHIEHRFEZE RMSE). B: TR MF—#

A A1 BEE AHbALe & O R % 5
i+ 57, 3725 gpboost model %R T 5
7291z, SHapley Additive exPlanation (SHAP)
fEEFHL, 2 MR 1 HEICREITS
AHbAlcfE%# X 2 12/~ L7z, SHAP % R 5FR

1.0

0.8

06

04

02

SHAP value for metformin (AHbA1c, %)

-0.2

+_T

glmm feature-selected gpboost

glmm
Algorithm

BT 5
({Z331F % RMSE.

0. A R 250-1500 mg/day D#iPH TIxH
BRI HbAle DK TR iz, Ll
7235, 1500 mg/day LARED HbAle K FRhRIC
EWILRD b o iz

0.4

0 250 500 750 1000 1250 1500 2000 2250
Metformin (mg/day)
Total No. of patients 365 25 254 128 17 1 53 6 8
Total No. of obs. 432 76 2126 1511 1499 1 705 72 42

2. SHAP fEA O R.A A R/ I 2 ® HbAle (& TR ICH T 5 AR IGEIE.
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I UEE R L U L7 T2D B 1,
A RV CBIBAED HbAlc 1% 8.2% TH V. A
kAL 2 v O ESCho fUBERE TR OB X -
THbAle BAay bar— L ENTHWBIRNTH-
72 BARANTZ2D BEEZXGE LA RERALI
O IMBHE D B NZEBNIE 0-1500 mg/day Tid &K
TFHIZIAEMAME T L, 1500 mg/day & 2250
mg/day M CTRI%THD Z LAMESNTEY, ¥
AIFFEFERTH D A AL I 0 HbAle K T4
1% 1500 mg/day THRARICET 5 Z L1, Zo#H
EETET LD TH- T2, A FERLILD
HbAlc X FRYRICEFINFED BN D Z L IXES T
HIME I TN, il Z D X5 REGNR—D
LD MDTH L DITI 5 TR, A RARLI YV
O 1HEEMBEZ I B2 EfMIiCiZ& O
N, MIERES AT A 2 L ORIIZIEDOFHEN &
LIERHEINTND, P M EX I B12 b
LD T IFE MR E 2 & 2§ 2
EMb. A MRV % 1500 mg/day &8z Tl
AL TS, F225 HbAle DX T T3,
EZ 22 B12 O & o 7 H BRIF 7R FBIVER
DY AT @D BIETFITR D0 L7y,

5. #3E

HAAN T2D HBED A R/ 12k 5D HbAle
K T2 %1% 1500 mg/day F TI3H BKEME D R
SN2, FRLEIT HbAle (R TR RNEITH T
DT ENRBINT,

6. HEE

BTN SR A MEXT), [E SR B 58 1k
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numbers JP18km0605001 and JP223fa627011,
and JP24K18341.

7. XER

1)

2)

3)

4)

5)

Kodama K, Tojjar D, Yamada S, et al.
Ethnic differences in the relationship
between insulin sensitivity and
insulin response: a systematic review
and meta-analysis. Diabetes Care
2013;36:1789-1796.

Garber Ad, Duncan TG, Goodman AM,
et al. Efficacy of metformin in type II
diabetes: results of a double-blind,
placebo-controlled, dos-response trial.
The American Journal of Medicine
1997;103(6):491-497.

Osonoi T, Saito M, Koda N, et al.
Assessment of Relationship Between
Metformin Dose and Patient Profile
in Type 2 Diabetes Mellitus. Shinryo
to Shinyaku (Med Cons New-Remed)
2020;57:813-824. [Japanese]

Kanto K, Ito H, Noso S, et al. Effects
of dosage and dosing frequency on the
efficacy and safety of high-dose
metformin in Japanese patients with
type 2 diabetes mellitus. Journal of
Diabetes Investigation
2017:9(3):587-593.

Sugawara K, Okada Y, Hirota Y, et al.
Relationship between metformin use
and vitamin B12 status in patients
with type 2 diabetes in dJapan.
Journal of Diabetes Investigation
2020;11(4): 917-922.



RERE

H AR AT AR 7E Y o & — I JEfe 2

Lo MEFT FU T AMIED Y A7 25 % A

R 2, BN V2, ForHE A V2, E)IEEL) 2,
EEZRIS Y, AIHR VY

Identifying antidepressants less likely to cause hyponatremia

Takuya NAGASHIMAVY?, Takashi HAYAKAWAD?, Hayato AKIMOTOV?,
Kimino MINAGAWA?, Yasuo TAKAHASHI?, Satoshi ASAIV?
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L0 2FIT ) S BTk A RIREOHRFIIAS AN SN T DA, BEAE LTET R 7 A
JEZRI ST ZEAMBNTWD, Linl, BARANENGE LIZEHIMBIRIIEO/RRITHE S
TRV, £ ZTARIIZEE, AARRFHBEDE A INT T —F_X—A LT L, H15SEBPEF R~V
U LAMIED Y A7 E 2 DB Ml Lic, TORR, PO SWOREAIKRICKT 2K MY v AM
FEDOEIGIE, b —MAYRER Na < 135 mmol/L) 2 HWWTh, &V ERRIERIZEET 5 EH (Na < 130
mmol/L) Z W Th, HFTMICHERIMARD bhiz, L EDFRERNG, H15 SEFRIET MY v A
MIEE, AARANBEIZISO TS 075N SR BIER Th 5 R R ST

1. IC®IC

L5 DHIL 5 DN & B Lekk 2 7R B OTREIZIA
SHWHATWD A, BEHELTERF FU UL
MEZFIEEZFTI RO TWDS, KF Y
¥ A MAE ORI EFIR FOBRE L ETH
DH, T D LIRBEROEMEE & \Wo TmHE R
JERZFI T, 207w, TEXBHETWHOR
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Potentially eligible population
Patients prescribed new-generation antidepressant (N = 14328)

—» Excluded

(N=11180)
0-59 years at index date
(N=1324)
(N=313)
(N=61)
(N=531)

(N=419)

< 365 days of continuous observation before index date

Use of antidepressant any time before index date
Concomitant use of other antidepressants within 30 days after index date
No measurement of serum sodium levels within 90 days before index date

No measurement of serum sodium levels within 30 days after index date

Study population
Patients (= 60 years) who initiated treatment with
new-generation antidepressant as first-line treatment,
with measurements of serum sodium levels (N = 500)
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New-generation
antidepressant users
Characteristics (N=500)
Demographics
Age (years), mean + SD 73.4+7.4
Female, 1 (%) 277 (55.4)
Medical history, n (%)
Heart failure 128 (25.6)
Kidney failure 65 (13.0)
Liver disease 125 (25.0)
Hypothyroidism 90 (18.0)
Malignancy 348 (69.6)
Previous hyponatremia 20 (4.0)
Adrenal insufficiency 11 (2.2)
Medication use, n (%)
Diuretics 153 (30.6)
Antiepileptics 105 (21.0)
Angiotensin-converting enzyme inhibitors 34 (6.8)
Beta blockers 76 (15.2)
Proton pump inhibitors 284 (56.8)
Non-steroidal anti-inflammatory drugs 235 (47.0)
Anticancer agents 97 (19.4)
Laxatives 214 (42.8)
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Anxiety-like behavior in DLGAP1 knockout mice
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R T U TIFTERIZ OV T, KO~ 0 R WT £721
BT — 2 1%, SEHE - EERE R LT HT Ll LT L, SHICHT =T AL WT &Lk
HERHIEMT T two—way ANOVA (EGFHRIXIHER]) &% BLUTREY Lz (K 2B). 7V —F A=) 7o
FHRE (Tukey post-hoc test) Z4FL>, ##p < FERRRNZ OV TR, KO =7 AL WT 7213 HT &b

0.01, sktp < 0.001 ZHEEHY L LI~ LCHML7E (K20). £/ KO~y XA TiEs v
=2 A L RERTAS WT H 720 HT & bl LT
L (K 2D, E), b B0 EEICOW TR
3. #ER

L7z (K 2F). 7V —FHRIIv T REBEBNTND
X KT F CORMIcOWTIE, BEARS(biTR
/o728, DLGAPL KO <= 7 A TldHhsh= ) 7|2
TUREZBENTRL, BIEHITICEOEEILE
D~y AR s (1K26).

&R 249 % DLGAP1 KO ~ 7 & & ZD[RE
fFIZoWTC, 5 o4 —7 07 4 —v Nl & 5
i L7z, 7 U —F NI BHRITEERIZOWNT,
AERD (KO) ~ 7 A 3BAR (WD) E2id~7 ufl
(HT) CHE LT Lz (M2, 7Y —F ik

24



WINEELTY il

H AR AT AR 7E Y o & — i JEfe 22

A B s -
g

E 150 F

B4 190 g
&

EERHENE)

s

HT KO WT KD
G
D E F 3
15 e — 20 - — i‘ﬂ-
£, =R § g
;}' ":: 10 'g =m-
1. i 8 &
R - s Y- + D 10 _
RinliNals A [ , golﬁﬁn'
T P P A
wT HT KO WT HT Ko “wr o wr ko WT HT KO
K2 A—Fr74—N FRBROKZAEEE
A BREE RBBHXER), B. PREERE, C. BEMAERME, D. 71—=3
7k, B. FA—I 7R, F. b5 ERY A, G HREE» BN
5 FE TORFRE]
**p<0.01, ***p<0.001, FEFHn=8.
4. B85 20k BAMEE LY bR ) 7 Tl IR

AW TIE, BEOIL—I U ZITFENCL D K
JERMEG 2Bl X Z L7 DLGAPI KO =7 2IZHBIT 5
REATEIORMNEZIT O 120, A—F v 7 4—
)b REkBR & i L7-. DLGAP1 KO~ 7 A TlI /L —
S UTITESEE L, AT ENEA L. g
W 7 — 2 U ZATENC XD BREEME T Lz
ZrEAT. PRz 7RI TRMNEL,
REFATHN A2 R L. b BNV ITENT, REZDOR
JEL R DAREME N A ST D V. ARFETIE
(7 U —F ORI RIETOSNES EBD ] b
L <& TBEIZ il TV AR WSED B8 Y ) 129V T,
ZDOZHODONL ERVITE E XA TICRE LT
FERZRLIEN, TNHEXBITHZ LD A
— 7T 4= FNTOTE E L0 3N T
EHBDLEOWMEND D Y. REFITENC OV TORE
iz A—F v 7 4= FRBRIZ T Tida <8
OITERBRBFAET 5. ARRERBRSCHE+T
WK e LB OITE R A FEME TS Z & T, AW
RTHELNT-REILE L0 FM-ST 5 2 & 03 ATHE
ERDIDABORFTRETHD. ~T vy

25

BNEN ST, T —3 v THRPER DA E
REIMIRE oz, AT TlE~T ulil<
TADK 10% 23 24 » Al CREAIGZ R L= Z
EEWE LTV Y, AR ERI TE O RBIA
OMEIkfE L L CRIRTE 2 RN S D Y. i
BHEEEOER O—DIC A b L ARZIENZET S
U, A b UABRICIERBEIML, 2 R LA N2 b
DERAYEREE OFIEIZ AT T D AR H D 10,
A#%1% DLGAP1 KO = 7 ZADIMHF A kL ZAKRALE
REZUET L TETHD.

5. fEEE
WED T V—I > TITENC X 0 RIEAIE % 5] &
= L7z DLGAPL KO ~ 7 A%, RLtEfTEh 2=,



WINEETY
H AR AR BRI 2 ¢ > & — B e

6. CHR

1) Stewart SE, et al. Genome-wide association
study of obsessive-compulsive disorder.
Molecular Psychiatry 2013;18(7):788-98.

2) Rasmussen AH, Rasmussen HB, et al. The
DLGAP family: neuronal expression,
function and role in brain disorders.
Molecular Brain 2017;10(1):43.

3) Bai, et al. SAPAP Scaffold Proteins: From
Synaptic Function to Neuropsychiatric
Disorders. Cells 2022;11(23):3815.

4) Minagawa K, et al. Behavioral
characterization of DLGAP1 knockout mice
with SHIRPA primary screen.Bulletin of the
Clinical Trials Research Center,Nihon
University School of Medicine 2024;3:27-29.

5) D'angelo, L-SC, et al. Animal models of
obsessive-compulsive spectrum disorders.
CNS Spectrums 2014;19(1):28-49.

6) Sharma E, et al. Comorbidities in Obsessive-
Compulsive Disorder Across the Lifespan: A
Systematic Review and Meta-Analysis.
Frontiers in Psychiatry 2021;12:703701.

7)  Sturman O et al. Exploratory rearing: a
context- and stress-sensitive behavior
recorded in the open-field test. Stress
2018:21(5):443-452.

8) Crusio WE. Genetic dissection of mouse
exploratory behaviour. Behavioural Brain
Research 2001;125(1-2):127-132.

9) Juckel G et al. Early recognition of obsessive-
compulsive disorder. Journal of Nervous and
Mental Disease 2014;202(12):889-891.

10) Toro J, Cervera M, Osejo E, Salamero M.
Obsessive-compulsive disorder in childhood
and adolescence: a clinical study. Journal of
Child Psychology and Psychiatry
1992;33(6):1025-10317.

26



HAKRZEZIEERABRMIE L > & —HTALE
Bulletin of the Clinical Trials Research Center,
Nihon University School of Medicine

A

LTES

FER

ZER BBk
% B FalfESE
B O=H BE®RIA
Editorial Board

Editor-in-Chief Yasuo TAKAHASHI
Associate Editors Hirotaka NISHIAYAMA
Managing Editors Reo KASAI

FITHE BARZELIRRABRMEL Y 4 —R &HF K
FEATRR HARZEZE

T173-8610 REHMRBR RSO LE] 30-1  Ten03-3972-8111

Publisher Satoshi ASAI
Director, Clinical Trials Research Center,Nihon University School of Medicine

30-1,0hyaguchi-kamicho,Itabashi-ku,Tokyo 173-8610 JAPAN
Phone +81-3-3972-8111




	00_表紙
	01_目次
	02_index
	01-05
	01_髙橋泰夫
	02_秋元勇人
	03_長島卓也
	04_早川隆
	05_皆川貴美乃

	10_奥付



