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Association between poor glycemic control, impaired sleep quality,
and increased arterial thickening in type 2 diabetic patients

Koichiro Yoda, Masaaki Inaba, Kae Hamamoto, Maki Yoda, Akihiro Tsuda, Katsuhito
Mori, Yasuo Imanishi, Masanori Emoto, Shinsuke Yamada

PLOS ONE, 2015, in press
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1. — R DEEREERE L, BEEN 5 Stage1—Stage2—Stage3—Staged EFITLET
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REMEERR LER>TL\S EEICEREkAYR B (F)< (Rapid Eye Movements) Z&EMbE DT 5
NI-BERTY . 20V &DIE. REMsE#HHELND T, NREMEEEREME(ENLHARY T, SN2
DDERYD>5. REMEERRZ “HoT-DIRY” . NREMEERRZ “INDARY " EFFATULVET,

EDERY

HEY D75~80%

MDAREY

HEY dD20~25%

Non— REMEERR REMEERR

X —RMICSZ R TV SR

3
Stage 1 %IRHA
HOEE .
| Stage 2 ERH L&g;@ﬂrégféggﬁnﬁajcﬂizasﬁmﬁﬁg(:m\o
1 . Il P 2LEERBKEE) (rapid eye movement: REM)MD
- Stage 3 HFEHEERY | 1] 43 BREOE T (LAEMELECL OTLY.
- RELEBDET . FIRIEELE DA BEEED
| Stage 4 REERRHS Gl S < L NSl Ly
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lasali E et al: Froc Natl Acad Sci LUSA
1063} 110441049, 2008
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(FHIRFEIRAY D B E53,5%IZTER. 32.6%IZAIR[EE)
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o, B —— THEEREE — (B

(1.57-4.02)
2.51
+ 2.0 (1.15-2.39) (1.08-2.96)
Y
X
tt I
) .
gpu—__________ EEEEm—— - Sm———.
= 5k¥fE 6 [ 7~ SHEEfH = o[
(n=125) (n=277) (n=956) (n=128)
S 143 B AR BF

53~93@mN—HR{ER1,486 2% X RIC. TR EBERBOBFREOBRICOVLVTHEL .
EEPRIE (X ZRERF MM BE > 126mg/dL or OGTT 2B {iE >200mg/dL or FERFEAEHYEEELT-.
fHIEIA B : £Fie. 5. AFE. BMI, IRE&E. JFR{EMFRIEL

Gottlieb GJ et al.: Arch Intern Med,165,863-867,2005.&Y{EE]
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* :p=0.05(Multiple Logistic Regression Analysis)

Mallon L. et al :Diabetes Care, 28(11):2762, 2005
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A Biuikst FLSSNSPRR

FERRXIE (%) S BEAR FFE [RRAR R - P& R EE R )/ 2 KB RE [BIR D AD oY) E TO B ]
AEER (9) BREANTHOARETORME (AR /UL LEEREMNSS U EFGELZES)
VLARERR (%) HERR B P DL LR EEIREF R D EI &
JUVLERERR (%) EEARBEFRE oh 0D /UL LR EEAR B RSl (Stage3-4) D EI &
L LEER &R (5) AR S(FIEID)L LEER R T E TORFE

L L BERR &

Wake
Stage 1

Stage 2 B EoE0iEE

Stage 3 BEAR!) X LDIEHZ
FEVOEER D IEE

Bl = REOERE

tages of sleep

Stage 4 + = Partial awakening with body movements

by - AL oam 1am 2am 3am 4am 5am 6am 7am




HbA ] cigfE = (LRI 2 RHERR A E B ORIEISE O ¥

HbAlc =4
<7.0% 7.0-9.0 % >9.0%
(< 53mmol/mol ) ( 53-75mmol/mol ) (> 75mmol/mol ) p for trend
N=10 N=31 N=22
F 5 (years) 57.0 (14.6) 58.4 (14.2) 56.3 (11.2) 0.668
O BEARAERY (min) 383.9 (100.6) 361.8 (83.0) 355.0 (75.4) 0.418
L LEERR & K (min) 94.6 (32.7) 87.3(29.3) 68.5 (22.6) *t 0.004
L LBEAR (min) 99.6 (47.2) 83.2 (34.6) 80.6 (28.6) 0.249
AF—1, 28ER (min) 276.1 (71.0) 265.4 (60.2) 251.2 (61.0) 0.573
%IREER (min) 1.5 [0-24.5] 3.5 [0-17.5] 2.5 [0-30.0] 0.598

Parameters were analyzed by Kruskal-Wallis test followed by Dunnett's post hoc analysis.
REM, rapid eye movement; HbAlc, glycosylated hemoglobin.
*P less than 0.05 as compared with HbA1c < 7%, tas compared with HbA1c 7-9%.

mEIFO—ILEEE. ROEERIGONSE1HOEERRRZERT S

Yoda K, Inaba M,et al. PLOS ONE, 2015, in press



2ENBRRIREBBICHITSL LIRIE SR ERhEDS SERFRE-T

U A EARERF (min)
. e SEBETT IV
S PR e HERETNV Model 1 Model 2
p p B p B p

51 (0 male, 1 female) -0.116 0.360
EE# (years) 0.019 0.880 0.190 0.182 0.215 0.119
DM IR (years) 0.114 0.370
BMI (Kg/m?2) 0.248 0.051 0.155 0.314 0.123 0.414
B /E _EF (mmHg) -0.229 0.078 —0.275 0.042* -0.297  0.022*
IEFERASIER A T v 7 A(AHI) 0.365 0.004* 0.031 0.829 0.122 0.390
HbAlc (%) —0.342 0.007*  —0.280 0.033*
Ze G IRF IOBF (mg/dL) -0.292 0.021* —-0.349  0.006*
non-HDL- cholesterol (mg/dL) 0.017 0.893
eGFR (ml/min per 1.73 m?) 0.023 0.857
REBTNLT I ‘/ﬂkﬁi (mg/g cre) —0.039 0.756

~A Anarm A ArFA

HEMmE F RORERR. BOERASOND
F1HOEERRBNEGLHEEXRSES

Yoda K, Inaba M,et al. PLOS ONE, 2015, in press

I-l




iR —tHOFEls R - fRiREIEEHDA ] cEORhE

—
Q
S

E
=
E
i
i
=
I
=
Ll
o

80
60
40
20
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Yoda K, Inaba M,et al. PLOS ONE, 2015, in press



REMEBER:Z5 & O)RhEIRRFISIR (SE 243 1T)

BBk 4T REM BRI
B p
J|ETREFTRS OTYIR -0.040 0.817
HbAlc -0.362 0.048
Non-HDL-aLRXFa—)L -0.148 0.394
R2 0.211"

AHI, Apnea hypopnea index; HbAlc, glycosylated hemoglobin; Non-HDL-C, non high density lipoprotein cholesterol; eGFR, estimated
glomerular filtration rate. * p< 0.05.

Yoda K, Inaba M,et al. PLOS ONE, 2015, in press
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2ENHBKRIR BB TOSABNIRMIR - (PIRICFEEEORLE

(BEEMRM)

Model 1 Model 2
Measure
p P p P
Age 0.289 0.107 0.234 0.224
Duration 0.361 0.015* 0.380 0.017
HbAlc 0.188 0.145 0.183 0.194
eGFR -0.002 0.987 0.126 0.485
REM BERR B K -0.418 0.002*
TILER R/ —{E -0.322 0.036"
R? 0.558" 0.525"

HbAlc, glycosylated hemoglobin; eGFR, estimated glomerular filtration rate. Delta power is the total power of the EEG signal within the

Aalta framianmrs hande nf N B tA2 N H7 Anir

EESNAEEHRBILIEROERNALNSD

2RUL)

AR A

inn DEN claan latanmuy

Yoda K, Inaba M,et al. PLOS ONE, 2015, in press
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O PR REEE(FHIE) _non-dipper &5 1 £ fE D E &

(ED (%)
100

80

60

T3R5/

40 (n=96)

20 % :p=0.02. % % :p=0.001

(Student’s t-test)

0] 0] 3 5
TS5eRBE5YE JIEFLIRER T5eRE5Y] JIEFLIRER
(n=96) (n=96) (n=96) (n=96)
W & 2RAERFEEZSHL-EMIMEEBEEHICH

B iE SBERCLEERARCKY. F1IBBICYLETLIOMgEE TSR ERZOREL(RBXEOEFZRE).
EEARIRAE S LU 4RI MEZRIE L=,

Rachmani R et al:Blood Press Monit 9(2):65-69, 2004k Y4{EX



CVDREEOEFZ & 1F 1% (5 ER)

THROMBOTIC STROKE

e IEMEDBHRNEE)

NUMBER OF STROKES

e ez 234887 880N

TRAMSIENT MYOCARDIAL ISCHEMIA

K=
I
E
E
8]
=
@
n
L
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=
=]
2
o

Time of Day (h}

NUMBER OF EPISODES

2Jones H. Hypertension. 47; 778-84 (2006)

o
123458783 10NH2Z1T 23 46887 88M0N

AM PM
TIME OF DAY

DMuller JE. Circulation. 79; 733-43 (1989)

(1) DME. MMEAREDSIEIREHITESS
(2) —HO&RS - RIEMEQFHIL. HIEENERFICECYRRAICEF TS

—SCODREEBHOME EFENCVDARUNRIEICEEICEFRLTWNSEEZEZONS



Morning blood pressure surge (MBPS)

Arising

Siaen SNE MBPS = Morning BP—Lowest night-time BP

ﬁ M:Irning BP

Lowest BEP

Morning BP :
The average of the four BP values obtained during the

first 2h after waking up.

R L owest night-time BP:
Physical activity :

The average of the three BP readings centered around
the lowest nighttime reading (i.e., the lowest nighttime
reading plus the readings immediately before and after).

Kario. Circulation. 107; 1401-6 (2003)



MBPS and CVDs

Ty (MBPSLmAREAL]

E R MBPSIERZ{F>8MEBE (K. E5TEVEDITHA~N
B THEHIRO EREEIL T S5—2 A Dmacrophages#, T-
| S lymphocytes#i, TNF-a/ &ML TLYS,
Marfella R. Hypertension. 49; 784-91 (2007)

[MBPS&CVDAARUR]
MBPSIEX(L. SEESMEEEEFIZSVT24hFEHSBP, REIMEET . BE M
BEMNMITLTKZERYRIEEET S
Kario. Circulation. 107; 1401-6 (2003)
MBPSIEX (L. RARBMEBEICSVWTEREREEEL, ENLURDCVEHEE

FRIELREET S, TOREEXF . 24hFYSBPMLHIILTLVD,
Gosse P. J Hypertens. 22; 1113-8 (2004)

MBPSIdiE < DEAREILEEERF &I L T, BIAREL R GE S BEE
L.CVDRIEVRIEEZEZLND,




thEaa 02 2 lRbFisiR

Measure

n=50

Gender [Male/Female]

Age (years)
Duration (years)
BMI (kg/m?)

25/25
60.1 =+ 13.2
9.0 (0.1-46.0)
26.6 =+ 5.8

24-hour SBP (mm HQ)

123 = 11

MBPS (mmHg)

17 = 14

Smoker (%)
ARB/ACEI (%)
Statin (%)
Insulin (%)
FPG (mg/dl)
HbAlc (%)

TG (mg/dl)
LDL-C (mg/dl)
HDL-C (mg/dI)
eGFR (ml/min/1.73m?)
UACR (mg/g)
FMD (%)

14 (28)
16 (32)
22 (44)
18 (36)
112.3 + 26.0
8.7 + 1.4
112.6 + 36.3
99.2 + 29.1
41 .0+ 10.3
77 2+ 16.0
10.9 (2.4-189.6)
7.7+ 4.2

IRI (WU/ml) (n=32)
HOMA-R (n=32)
NMD (%) (n=42)

9.1 +5.2
2.2 (0.4-7.4)

18.9 + 7.0
Yoda K, Inaba M, et al: Diabetes Care 2014;37:644-50.




MBPSé:O)iil‘BBEI FRARIEHR

MBPS (mmHg) (n=50)
P

Measure
P

0.039
0.015
-0.082
0.114
0.174
-0.094
0.300

0.782
0.914
0.564
0.425
0.224
0.510
0.035*

Age (years)

Gender (female = 1)
Duration (years)

BMI (kg/m?)

24-hour SBP (mmHg)
Smoker (yes =1)
FPG (mg/dl)

HbALc (%) 0.373 0.009**

TG (mg/dI) 0.375 0.009**

LDL-C (mg/dl)
HDL-C (mg/dI)

eGFR (ml/min/1.73m?)
UACR (mg/g)

0.123
0.046
-0.159
0.209

0.389
0.748
0.266
0.148

IRI (uU/ml) (n=322)
HOMA-R (n=322)

0.177 0.325
0.436 0.015*

2 non insulin user * p< 0.05

FPG (mg/dl)

0 p 0.300, p 0.035

40 T T T T T T T 1
-30-20-10 0 10 20 30 40 50

MBPS (mmHg)

HbALC (%)

[{o]
|

0]
|

~
L

(o]
|

"p 0.373, p 0.009

5 T T T T T T T 1
-30-20-10 0 10 20 30 40 50

MBPS (mmHg)

TG (mg/dl)

80]
60

40 T T T T T T T 1
-30-20-10 0 10 20 30 40 5(

p 0.375, p 0.009

MBPS(mmHQg)

_p 0.436, p 0.015

el

e

0 T T T T T T T 1
-30-20-10 0 10 20 30 40 50

MBPS (mmHg)

MBPS exhibited significant and positive correlations with FPG, HbAlc, TG and HOMA-R

Yoda K,

Inaba M, et al:

Diabetes Care 2014;37:644-50.




MBPSE QR EIRRFIER ( SEZAT)

MBPS (mmHg)

Covariates

L5 (years)

24-hour Fx & £ (MmHg)
HbALc (%)

rERERA (mo/dl)
HOMA-R

RZ

p

« HbAlc. TGIIMBPSEEELIEDEEERLT=,

o ARV IEFEREETIE,. HOMA-RNWNEEBEERFELL=H. AR KK
HNMBPSEREET S EMREENT=,

Yoda K, Inaba M, et al: Diabetes Care 2014;37:644-50.




iEkiREMEEZE-CVDIIR7

A BEEDOFMD and NMDIZ R[4 828

| UUD

FMD

BN RIRIEIFMDIE R/ EDME N KR IEEEIES

CVDYRY ER%=RT,

Henry RM. Atherosclerosis. 174; 49-56 (2004)




MER R i&EFIEHLRRIGFMD, JE&FIEHLRRIGNMDE
O EERAFISIR (534HR8 )

FMD (%) (n=50) NMD (%) (n=42)

p P p p
Age (years) -0.191 0.189 -0.406 0.016*
Gender (male=0, female=1) 0.227 0.112 0.137 0.416
Duration (years) -0.265 0.064 -0.147 0.384
BMI (kg/m?) 0.075 0.600 -0.152 0.367
24-hour SBP (mmHgQ) -0.359 0.012*
MBPS (mmHg) -0.289 0.043*
Smoker (yes =1) -0.293 0.040*
FPG (mg/dl) 0.024 0.864
HbAlc (%) -0.301 0.035*
TG (mg/dl) 0.044 0.760
LDL-C (mg/dl) 0.189 0.186
HDL-C (mg/dl) -0.081 0.569
eGFR (ml/min/1.73m?) 0.185 0.195
UACR (mg/g) -0.278 0.054

MBPS, B2§&E HbAlc [ FMDEE D HEBEERLT-.
24n ¥ KME (L. FMDEELNMDEL A DHEEERLT=,

Yoda K, Inaba M, et al: Diabetes Care 2014;37:644-50.

Measure




FMDEO I EIRRFIEIR (SR EMMT)

Model 1 Model 2 Model 3 Model 4

p p p p p P p p
Age (years) -0.033  0.817 0.004 0.974 -0.032  0.823 -0.031 0.824
Gender (female=1) 0.248  0.063 0.200 0.128 0.248  0.079 0.184 0.207
LDL-C 0.215 0.135 0.160 0.257 0.191 0.191 0.179 0.222
HbAlc (%) -0.187  0.189 -0.149 0.284 -0.200  0.167 -0.191  0.180

Covariates

MBPS (mmHg) -0.312  0.031* -0.284  0.044* -0.314  0.033* -0.308 0.034*

24-hour SBP (mmHg) -0.269  0.053

UACR (mg/g) -0.043  0.754

Smoker (yes =1) -0.154  0.292
R? 0.289 0.295

D 0.020 0.015

MBPSIXE D#EAETILTEFMDEFEL AN EEZ RLT-,
— 75 . HbA1clZFMDEREL M- T,

Yoda K, Inaba M, et al: Diabetes Care 2014;37:644-50.
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