Standardized centile curves and
reference intervals of serum

insulin-like growth factor-I (IGF-T1)

~levels in a normal Japanese population

using the LMS method. Endocr J.

59(9) :771-80. :2012

Kawai M, Kusuda S, Cho K, Horikawa R,

Takizawa F, Ono M, Hattori T, Oshiro M.

Nationwide surveillance of circulatory

collapse associated with levothyroxine

administration in very-low-birthweight

infants in Japan. Pediatr Int.

54(2):177-81: 2012

BT NEERRRREREEEOHR
LFh BETIES 67(9) 12032-2039 (2012)

WIET . BEEHERE WOWHE

META N7y 7 (LK - FHEE

- BEERE) B2 LIRE

(2012. 11;pp. 271-273)

WIET . OFICBEET OEE BT

NERE O PNRBFELIFy— HMATAR

ERA 2 S BDIND/NRORER & OF QA
(KIRZRERE) WBEEFL  (2012.9

pp. 1039-1047)

[Z&%K]
L.

SGA MIRE BEDKER/LE EE )]
BT %85 mAANSMFESFENRE (4
HE, 2012448 19H)
SIREIREHEE & AR & OFE  FEiE
A, BEBER, KEHT, LKETF, B
TRE, NRERE, SREMF, BImT B
85 [E H AN FaFities (A HE ., 2012
€4 4198)

M IGF-1 & &R F & OFE B TRIE,
(AST, FEEIA, KERN, BFEIER,
WNAEETE, JB)11EF 55 85 Bl H RN WS
LR E (AHE. 201244 A 19 H)
TaFREELNEASW - REEE R
BT & 115 EHARNERZESFES
(18, 201244 A 21 A)

MBI R— ML AREE 5 BIEORHE~

10.

11.

12.

— 7 — & OFEOKE PREE, EHET#
w, KE#HI, EERLA, B TRIE, WX
fef, SRHEMF, IR & 115 BIEE
NEBIFEFNES (@, 201244 A 21
H) ,

INBEEIS DR AN AR E L CERMTRER
Insulin-like growth factor—I (IGF-I) Mm%k
BEORTE KEE, BEE, #HAE H
REE, SEE, BIORIT, )BT OF
46 B B A/NRNSWFS (KB, 2012 49
H 27 8)
BEHBFRRT & HERRBEZEORHE
FERA, KE®BT, UWARETF, B T RIE,
PoRERTE, FREEF, JB)IIET 5 46 [EA
ANRASWEFES (KR, 2012 & 9 A 29
H)

SGA MIRFBIEICKT 2 ERLE VU RE
\ZBITBHAHESDS & AIGF-I  SDS D+EES
)R F, HEPREE, HEeE, EEEL,
M EA, B R XH,
Kappelgaard %5 46 [EHA/NERNSWMES
(KPR, 201249 A 29 H)
HARNIBITHHESRVE EE (CGH) 7
— X ~_—ZNordiPAD 7 — & ) & DRI E
FREMRBICT28E HEEL, LEE
o, KEE—, BFEE, E&IFE, #
JIERTF, HEAE & 46 [E B A/NRRNSWME
£ (KB, 2012429 H 29 H)
KFFROEZ I D BERRREIBERS
DREIF RS WARSEF, BERA, K
BT, B TRE, NAREE, #IBRT $
46 B B A/ NENSMFES (KR, 2012 49
H 29 B)

TRIRFF RS FR IS RE R F 2 B S
RO 6 BEEOTH HNAREE, B TRE,
(WA, FEFA, KERIT, FEERE],
hAtER, FREMF, J)IETF 5 46 [EH
ARSI S (KR, 2012 429 A 29
H)

R L IRHARERICBIT 2 EF M X
W1 RRMF IGF-T EpE |BII®HF, K

Anne-Marie



13.

H.

BPfRST, WEEA, ETRIE, LR,
WRERTE, Tl F, BB, PR 55
46 [E B A/ NERNZW TS (OKRIR, 201249
H 29 H)

Association of fetal IGF-I, leptin, and
adiponectin with fetal and early
postnatal growth in NCCHD cohort study.
Miyashita K, Noda M, Mizuno Y, Nishigaki
S, Yamamoto A, Naiki Y, Horikawa R., 52th

- ESPE meeting (Leipzig, Germany, Set 20,

2012)

FNHIRTEEFE O HHFE - BERRIL
72 L,



200
T ]
LL
@)
H
fiE
£
== |
0 l LN B S S B B B R
5 10 15 20 25 30 35
f & 250HD
35—
30

s 1 250 HD

z‘o | 2'5 | 3'0
1EIR A EA AR M 250HD




M. WFZERRDHATICEE 4 5 —FK



R4

MRARDTITICET S —ER

RRERA WMXAANILE R4 4 R—= Hi iR F
i\l(_).h;}:\adr?Nap"c;nig: N?'C" Arata Response to Metoki. Hypertension Research 35 565-566 2012
Saisho Y,  Mivakoshi K Marked decline in beta cell function during pregnancy [Epub
lkenoue S, Kasuga Y, . .

.o leads to the development of glucose intolerance in|H. Endocr J. ahead of {2012
Matsumoto T, Minegishi K, J int]
Yoshimura Y, Itoh apanese women. prin
Saisho Y, Mivakoshi K,
Tanaka M, Matsumoto T,|Antepartum oral disposition index as a predictor of] ..
Minegishi K, Yoshimura Y, glucose intolerance postpartum. Diabetes Care. 35(4) e3d2 2012
Itoh H.
Matsumoto T, Mivakoshi K, |[Fetal growth and gestational hypertension in women
Minegishi K, Tanaka M, classified as gestational diabetes mellitus defined by the|Acta Obstet Gynecol Scand. [91(2): 272-273 2012
Yoshimura Y. new consensus criteria only.

[Endocrine disease: progress in diagnosis and treatment.

Horikawa R. Topics: 1. Progress in diagnosis; 5. Gonad: clinical{Nihon Naika Gakkai Zasshi. 101(4) 965-974 2012

approach to disorder of sex development (DSD)].




Al K4

Isojima T, Shimatsu A,
Yokoya S, Chihara K, Tanaka

Standardized centile curves and reference intervals of]

T, Hizuka N, Teramoto A|serum insulin-like growth factor-I (IGF-I) levels in a|Endocr J. 59(9) 771-780. 12012
Tatsumi KI, Tachibana K,|normal Japanese population using the LMS method.

Katsumata N, Horikawa R.

Kawai M, Kusuda S, Cho K,Nationwide surveillance of circulatory collapse

Horikawa R, Takizawa F, Onolassociated with levothyroxine administration in very—|Pediatr Int. 54(2) 177-181 2012
M, Hattori T, Oshiro M. low—birthweight infants in Japan.

FHETF BERBEEE SRS FIRIRER Diabetes Frontier 23(4) 445-450 (2012
/J\Jlli%zzlz,giﬂl’éiﬁi, I\RE

F, ZHEHE, NMNEBR, B PPN Sipe o s 4L SHTHE gk 1 — S - e = . I8 A

gggﬂ.%’ i%ﬁ1§a’ R{%Bﬁ giﬁfgt\}:cué)/é)g;}“lﬁ?:zﬁh\yiwﬁEPO)JIII*%"&lg: 4 gxmﬁ%ﬁ %ﬁEJL‘E?‘K%& 48(3) 606_610 2012
E HBRT REMT. &|° : |

BiaE

FHEEF HERBETIRICEB T HRFOIETUX TS59T4RX 29(4) 401-406 (2012
EHEF FAGH E&A|HREEOHAERE X IRERRE CHEIRS M EIR| 4y =, - B

5 BRI T DU DIEIRERICHEET 550 HRIRIR ST 120 185=e1 12012




I3, K& =58, & , = , = A, s N

W 5, 5 A, dgi g [ o O ERAESe0GTIRE DT ABRE sy o5 745 120 |s-82 |20t

ESEE ER BE fmm Bl

F, &0 —E

ZH—HR FIRVERBICH T ASMBGRE =B IZDULNT. HEPR A LT IR 12(2) S-54 2012

e HERBEFITIRICHTABEERMEDITE BB e =, -

HA—H SEFFEOWR SRBRAOLE T A5 B bIc, | RRREIHE 122 is4s 2012
BRI IR O B A I S E O =012 E BT 545

ZH—ER e (FAR—RDIMER E2E SMBG vs.CGM SMBG®D|$ERE & IE IR 12(1) 45-46 2012
I,

ZH—E} #ggﬁ;%&%%}%g%g%@@% SEIRAEPR A6 S UAE FE PR IR 55Suppl.1  |S-36 2012

R R WE BY KB e et ) BB R O T AE T AAERIBARSZAME |64 |411 2012

—BB




Al K4

ZH—H

RS AERERE . BAERBAR SR 64(8) 1827-1831 {2012

P [(¥ERBEFIRICE (THEHT-HERR] IFIREICEZMEN| . .

ZH—ER FiEEE R LS REDE S L RaSE A, Diabetes Frontier 23(4) 400-406 2012
[EHRRERAT T-HRBZORFHA-]1 517

Eog = = AT—U-BATRIERBORELRE ITIRERR BAREK 70(5) (F) |94-100 2012
HAPORIZE AV i 1% DAL T=EBM.

£A— 1 RRACIIR LIRRRAEOBHOTE T AN n s g BREAT [16() [s650 (2012

EHHB MK E BE F . st [ - -

ry=—gle A EREICEYFICRESNDEIRERBOR] w2 | 24 e

BiFr A5, LA B FHE &R P = EIR AR DOER 61(8) 1233-1238 2012

= B 5F, K B [ARYERMEETR] AR EHMEEE B M8 —ay a2 _

B 5 A R e EMIBAH 79(1) 39-43 2012




Al #E4

‘ FBIERATITIRE A R AR IE ) e B MRtk REI 5 B
=il A L 7=metabolic phenotype DIRET MEIRMERA DR BAERBARFERMEE  |64(11)  |2265-2278 |2012
B#HILT.
=ik i, B sE, ﬁﬁg R
TER DR IR B ak memmc s s A SEBTORA. | RRH LI 12(1)  los-o8  |2012
Rk 4, T R
. BIEHATERE AR B ] BE B Miarselci& B
B O L 7=metabolic phenotype DR 5t IEIRIEIR IR DR EME B RKER IR AR ZSMEE 64(2) 301-302 {2012
BZHEILT.
[BEERICKDRBIEEDRAUL SRTYTTEMBEYN
MEHF AYROTIROBEEREEET 7] BRBEESHIR|RNIRAFIULTT 31(12) 1239-1245 [2012
WR(HEFR YA . DR IR¥ERTR).
[ERBEIEIRICE T3 -1LER] Mo ro—)iL
MEHF [ZEZETERBICTASEH) BEHIHROMPEER 5F X |Diabetes Frontier 23(4) 413-417 2012
T. ‘
(4B R EOF IR 1=/ NS4 A L3 D-) IEYRREFRIS| = . —
MEMF Lot B e 8 4T 41 3 o TS5974R 29(4) 412-418 2012




Alkk4

MEHTF

(LT U THEELVEIERE ERERAFOD

SH] K#WE MAEOEVEREER SN, DT T 52) 32392012
HERT ,i[g*/zlj‘/?f_ﬁﬁ*l‘ét&mﬁ] EFIEREA VAU IER ez g ) 1 79(1) 15-19 2012
M T TR BT B wr g —n o s |
TR SR BT A R o 0o T ARIRRRERE ORBRIBIRO w1 12 |s78 012
TR R57, MEHF T
HE RS R BT B oM LR 3 AN TOL L5251 BEE
%g,@lﬁm HSF, P Y| e 3 sty 5 (i HEFR 7 LI R 12(2) S-66 2012
gf#@, BEBET XN soaRicp14 2 BAEEDGRE. gxm&ﬁii?%ﬁé@ & | 319 2012
\IASTF, BEER, KEH AR ILEL LERERS9
. BTRIE HERES, NESIUDRZE2HORE BENMERSWEDES |59 291-294  |2012

KBS, BIHF

2011




Alfk4

\\¥

BRERT, BT, AR REMEALE OEMBAEAOBEEHLOER], RILEL CHRIRSS

BEDMRADDFEDES 58 1107-1110 |2012
R\ SHI-TRET 2010
BINEF INERBREYREEREZTOERKET R RGTEF 67(9) :2032-2039 {2012




V. #tFEEEROTIATY - Bk



CORRESPONDENCE

Hypertension Research (2012) 35, 565-566
© 2012 The Japanese Society of Hypertension All rights reserved 0916-9636/12

www.nature.com/hr

Response to Metoki
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We thank Dr Metoki for his thoughtful
comments.! He raises the important points
that mid-pregnancy fall may have an impact
on the occurrence of pregnancy-induced
hypertension (PIH) and that seasonal varia-
tions in blood pressure (BP) may affect the
BP changes during pregnancy and contribute
to the occurrence of PIH. We assessed clinic
BP values at week 30 and at a time after week
34 in healthy pregnant women who partici-
pated in the previous study.? As shown in
Figure 1, a decreasing BP in the second
trimester was observed. Because pregnant
women with low BP at week 20 had less risk
of PIH,? even if these women had high BP at
week 16, a mid-pregnancy fall in BP is
thought to be inversely correlated with
the occurrence of PIH. As suggested by
Metoki et al, endothelial function may

contribute to the relationship between the
mid-pregnancy fall in BP and the occurrence
of PIH. In addition, we assessed the seasonal
trend in BP changes during pregnancy. As
shown in Table 1, pregnant women who
delivered in the hot season (May to October,
average daily temperature >15°C in Tokyo)
had higher BPs before 16 weeks and at 20
weeks of gestation than those who delivered in
the cold season (December to April, average
daily temperature<15°C in Tokyo). By con-
trast, pregnant women who delivered in the
cold season tended to have a higher BP at 30
weeks and after 34 weeks than those who
delivered in the hot season. These results
suggest that seasonal changes in temperature
may affect clinic BP values during pregnancy.
However, the occurrence of PIH was unaf-
fected by the seasonal trend in BP changes.

The odds ratio of PIH in pregnant women
who delivered in the cold season was 0.63
compared with that in pregnant women who
delivered in the hot season; this is statistically
insignificant.

Consistent with previous studies showing
that home BP fell from the first trimester to
the second trimester and then continued to
increase until the time of delivery;’ and that
pregnant women who delivered in winter
tended to have higher home BPs than those
who delivered in summer,* we confirmed the
mid-pregnancy fall in BP and the seasonal
trend in BP changes during pregnancy even if
BPs are measured at the clinic. We hope that
our study will inspire researchers to further
examine the effects of the mid-pregnancy fall in
BP and the seasonal trend in BP changes during
pregnancy on predicting the risk of PIH.
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Figure 1 Systolic/diastolic blood pressure (sBP/dBP) in 976 pregnant women. *P<0.0001.
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Table 1 BP values and OR (95% CI) of PIH stratified by season in 976 pregﬁant women

EDC_Hot season (n= 503) EDC_Cold season (n=473) P-value

Systolic BP

Before 16 weeks of gestation 114.0 11.9 1104 10.9 <0.0001

20 weeks of gestation 111.6 11.6 108.3 10.4 <0.0001

30 weeks of gestation 110.6 10.1 111.9 11.0 0.059

After 34 weeks of gestation 114.4 9.7 115.5 9.1 0.073
Diastolic BP

Before 16 weeks of gestation 67.8 8.4 66.4 7.5 0.009

20 weeks of gestation 66.4 7.8 64.8 7.4 0.001

30 weeks of gestation 66.8 7.1 68.1 7.5 0.004

After 34 weeks of gestation 70.2 6.5 711 6.4 0.052
PIH Reference 0.63 (0.30-1.3) 0.21

Abbreviations: BP, blood pressure; Cl, confidence interval; EDC, estimated date of confinement; OR, odds ratio; PIH, pregnancy-induced hypertension.

BP values are given as mean (s.d.).
Occurrence of PIH is given as OR and 95% Cl.
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Marked decline in beta cell function during pregnancy leads
to the development of glucose intolerance in Japanese
women

Yoshifumi Saisho”*, Kei Miyakoshi”*, Satoru Ikenoue®, Yoshifumi Kasugaz), Tadashi Matsumoto®,

Kazuhiro Minegishi?), Yasunori Yoshimura?® and Hiroshi Itoh!)

]’f Department of Internal Medicine. Keio University School of Medicine, Tokyo 160-8582, Japan
“ Department of Obstetrics and Gynecology, Keio University School of Medicine. Tokyo 160-8382, Japan

Abstract. The aim of this study is to investigate glucose metabolism longitudinally during pregnancy to explore mechanisms
underlying gestational diabetes mellitus (GDM). We reviewed a total of 62 pregnant Japanese women who underwent a
75g oral glucose tolerance test (OGTT) twice during pregnancy (median: early, 13; late, 28 weeks’ gestation) because of
positive GDM screening. All showed normal OGTT results in early pregnancy. Based on late OGTT, 15 had GDM (late-
onset GDM) and 47 normal glucose tolerance (NGT). In early pregnancy, there were no significant differences in insulin
sensitivity (insulin sensitivity index derived from OGTT [ISpgry | and homeostasis model assessment for insulin resistance
[HOMA-IR]) and insulin secretion (a ratio of the total area-under-the-insulin-curve to the total area-under-the-glucose-
curve [AUC;ygu] and insulinogenic index [IG1]) between the NGT and late-onset GDM groups. In each group, insulin
sengsitivity significantly decreased from early to late pregnancy, most in the late-onset GDM group (each p < 0.05). The
insulin secretion showed no significant changes with advancing pregnancy in both of the groups, although late-onset GDM
showed significantly lower IGI compared with NGT in late OGTT (p < 0.05). When assessed beta cell function by OGTT-
derived disposition index (i.e. Insulin Secretion-Sensitivity Index-2 and 1Gl/fasting insulin), the indices significantly
decreased from early to late pregnancy in the both groups (each p< 0.05). Women with late-onset GDM showed significantly
lower indices compared with NGT (each p < 0.03). The failure of beta cell to compensate for decreased insulin sensitivity
could contribute to the development of the late-onset GDM.

Key words: Insulin sensitivity, Insulin secretion, Disposition index, Glucose metabolism, Pregnancy

IT HAS BEEN widely recognized that insulin sensi-
tivity decreases as pregnancy advances, reaching the

Several prospective studies in Caucasian popula-
tion have demonstrated that beta cell function could

nadir in the third trimester [1]. When insulin secretion
fails to compensate for the escalated insulin needs dur-
ing pregnancy, pregnant women are diagnosed to have
gestational diabetes mellitus (GDM)[2]. To date, stud-
ies on glucose metabolism in pregnant women have
shown impaired beta cell function in GDM [3, 4, 5].
As a consequence, beta cell dysfunction is thought to
be a potential etiology of GDM [6].
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deteriorate from early to late pregnancy in women
with normal glucose tolerance as well as GDM [1, 7].
Especially, women diagnosed with GDM in late preg-
nancy (i.e. late-onset GDM) showed marked decline in
beta cell function during pregnancy [3,5]. This obser-
vation might be one explanation that women with
a history of GDM are at high risk for the future glu-
cose intolerance (i.e. type 2 diabetes) on a background
of chronic insulin resistance. However, data on lon-
gitudinal changes- in glucose metabolism of pregnant
Japanese women are unavailable because only cross-

sectional studies have been reported [3].

In the current study, we retrospectively examined
the glucose metabolism of pregnant Japanese women.
Using a cohort of pregnant women undergoing oral
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glucose tolerance test (OGTT) twice in early and late
pregnancy, alterations in indices of insulin sensitivity,
insulin secretion, and beta cell function were exam-
ined. Furthermore, the indices in early and late preg-
nancy were compared between those with and without
late-onset GDM.

Methods

Subjects

We conducted a retrospective cohort study of 62
consecutive pregnant Japanese women who underwent
the diagnostic OGTT between 2004 and 2010. Each
woman met the following criteria: 1) normal OGTT
results after the universal early testing based on high-
risk characteristics (i.e. early OGTT), 2) positive GDM
screening using glucose challenge test (GCT) between
24 and 27 weeks of gestation. All women were cared
for at the perinatal unit of Keio University Hospital.
The gestational age was confirmed in the first trimester
by crown-rump length measurements. Excluded from
this study were women with multiple pregnancies and
women whose neonates exhibited congenital anoma-
lies. The research was performed in accordance with
the Declaration of Helsinki and informed consent was
obtained from patients where appropriate. The insti-
tutional review board at Keio University School of
Medicine approved the study.

GDM screening and glucose tolerance test

In our hospital, each woman underwent a two-step
screening for GDM: universal testing and a standard
1 h, 50-g GCT in early and late pregnancy, respec-
tively. The universal early testing included the clinical
risk factors, as follows: 1) pregestational obesity (BMI
2 25), 2) past history of gestational diabetes, 3) past
history of macrosomia (birth weight 2 4,000g), and 4)
family history of diabetes. If woman has any of the
clinical risk factors at early prenatal visit, the diagnostic
75-g OGTT (i.e. early OGTT) was performed as soon
as feasible after confirming that the random plasma glu-
cose level did not exceed 200 mg/dl. The OGTT was
performed after a 12 h overnight fast. Venous blood
samples for measurement of plasma glucose levels and
insulin concentrations were drawn in the fasting state
and at 30 min, 1 h and 2 h after ingestion of the glu-
cose drink. Women with the negative early testing or
normal OGTT results underwent a standard 1 h, 50-g
GCT between 24 and 27 weeks of gestation as a uni-

versal screening. If the GCT result exceeded 140 mg/
dl, the diagnostic 75-g OGTT (i.e. late OGTT) was then
performed.

During the study period between 2004 and 2010,
GDM was diagnosed according to the former criteria
defined by the Japan Diabetes Society (JDS) if two or
more values reached or exceeded the following thresh-
olds: fasting, 100 mg/dl; 1 h, 180 mg/dl; 2 h, 150 mg/dl
[8]. Plasma glucose and insulin levels were measured
by a glucose oxidase method and enzyme immunoas-
say, respectively. The normal glucose tolerance (NGT)
group comprised women with normal OGTT results in
spite of positive GDM screen.

Assessment of insulin sensitivity, insulin secretion
and beta cell function

Insulin sensitivity and insulin secretion were evalu-
ated using measurements from the diagnostic OGTT.
The insulin sensitivity was estimated by the homeostasis
model assessment of insulin resistance (HOMA-IR) and
the whole-body insulin sensitivity index derived from
the OGTT (ISggrr). The HOMA-IR was calculated as
fasting plasma glucose (mg/dl) x plasma insulin (mU/1)
/ 405, and the ISqggrr was calculated by the following
formula: 10,000 / square root {Gluy x Insy x (Gluy +
GIU6O X2+ Glulgo) /2x (11’150 + EHS()O X2+ InS]QQ) / 21,
where Gluy and Ins, represent plasma glucose (mg/dl)
and insulin values (mU/I), respectively, at time y min
during the OGTT[9]. Insulin secretion was assessed by
the insulinogenic index (IGI: {Inszo — Insg} / {Glusg —
Glug}) and the ratio of the total area under the insulin
curve to the total area under the glucose curve (AUC
ins/gly) during the OGTT. To evaluate beta cell func-
tion, we calculated the OGT T-derived disposition index
(Dlo) using the following measures: Insulin Secretion-
Sensitivity Index-2 (ISSI-2: the AUC 551, multiplied
by ISpgrr)-and 1GI/fasting insulin [5, 10-12].

Statistical analysis

Data were presented as mean + SD in text and tables,
and illustrated as mean = SEM in figures. Continuous
variables were tested for normality of distribution and
were compared between the groups using the unpaired
Student’s 7test. Changes in indices of insulin sensitiv-
ity, insulin secretion, and beta cell function between the
early and late OGTT within each study group (i.e. the
NGT and late-onset GDM) were assessed by the paired
Student’s ¢ test. Categorical variables were presented
as proportions and were assessed with the y* test or
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Fisher’s exact test. Statistical analysis was performed
using the SPSS (version 19.0, IBM, Chicago, 1L, USA).
p <0.05 was considered as statistically significant.

Results

Maternal demographic characteristics and 75g-
OGTT profiles

Of 62 women, 15 were diagnosed to have GDM
with late OGTT (i.e. the late-onset GDM group) and 47
showed the normal OGTT results (i.e. the NGT group).
There were no significant differences in maternal age,
a history of GDM, family history of diabetes, and ges-
tational weeks at OGTT between the NGT and late-on-
set GDM groups (Table 1). Maternal body weight gain
was comparable between the two groups, although pre-
gravid body weight and BMI in the late-onset GDM
group were significantly lower than those in the NGT
group (p < 0.05).

Table 1 Maternal demographic characteristics

In early OGTT, plasma glucose levels at 60 and
120 min in the late-onset GDM group was signifi-
cantly higher than those in the NGT group (Table 2).
With regard to late OGTT, the late-onset GDM group
showed significantly higher levels of plasma glucose at
all time points, compared with the NGT group. When
analyzed the insulin profiles, fasting insulin levels in
late OGTT significantly increased compared with early
OGTT in both of the NGT and late-onset GDM groups.
In late OGTT, levels of plasma insulin concentration
at 120 min were significantly higher in the late-onset
GDM group than those in the NGT group.

Changes in insulin sensitivity, insulin secretion and
beta cell function during pregnancy

In early OGTT, the 1Sggrr and HOMA-IR were
comparable between the NGT and late-onset GDM
groups. The ISqgrr significantly decreased from early
to late OGTT in the NGT as well as late-onset GDM

NGT Late-onset GDM

(n=47) (n=15)
Age (vears) 37%5 384
Parous (%) 25.5 333
Prior GDM (%) 6.8 7.1
Family history of diabetes (%) 311 40.0
Pregravid body weight (kg) 635+ 11.1 50.6 £ 11.3%
Pregravid BMI 252+44 203 £4.6*
Gestational weeks at early OGTT (weeks) 14+4 14+4
Gestational weeks at late OGTT (weeks) 28+3 29£3
Body weight at late OGTT (kg) 68.5+£99 564 £ 9.9%
Body weight gain by late OGTT (kg) 5244 4319

NGT: normal glucose tolerance; GDM; gestational diabetes mellitus, * p < 0.05 vs. the NGT group.

Table 2 Plasma glucose and insulin profiles of early and late OGTT

NGT (n=47) Late-onset GDM (n = 15)
early OGTT late OGTT early OGTT fate OGTT

Plasma glucose (mg/dl)

0 min 847 847 85%7 91 = 9*#

30 min 141+ 18 140 £ 17 150+ 13 156 + 12*

60 min 143 +25 155 +208 159+ 12% 189 & 114

120 min 129 £ 21 13017 150+ 23% 176 2654
Insulin (mU/1)

0 min 8.0+47 92388 8781 11.7 = 8.8#

30 min 64.8+26.2 65.7+272 60.7+33.4 531238

60 min 72.9+375 79.8 +34.5 69.2+39.3 77.5+42.4

120 min 693542 722 +£42.0 753 £48.5 104.4 = 64.9%4

NGT; normal glucose tolerance, GDM; gestational diabetes mellitus, * p < 0.05 vs. the NGT group, § p
<{).05 for late vs. early OGTT of the NGT group, # p < 0.05 for late vs. early OGTT of the GDM group.
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groups (p < 0.05, Fig. 1A). Consistent with this obser-
vation, HOMA-IR significantly increased in late OGTT
compared with early OGTT in both of the groups (p
< 0.05), most in the late-onset GDM group (Fig. 1B).
In the NGT group, pregravid obese women (n = 27)
showed significantly lower levels of ISggtt and higher
levels of HOMA-IR compared with non-obese subjects
in early and late OGTT (each p < 0.05). With regard to
early and late OGTT results of late-onset GDM, levels
of ISpgTr and HOMA-IR in pregravid obese women (n
= 5) were significantly lower and higher than those in
non-obese subjects, respectively (each p < 0.05).
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There were no significant differences in AUCj,gg1,
and IGI between NGT and late-onset GDM in early
OGTT. The AUC;g,, Was comparable between early
and late OGTT in the NGT as well as late-onset GDM
groups (Fig. 1C). The 1GI showed no significant differ-
ences between early and late OGTT in both of the NGT
and late-onset GDM groups, although the late-onset
GDM group showed significantly lower 1GI compared
with the NGT group in late OGTT (Fig. 1D).

Beta cell function was assessed by validated Dlo
(i.e. ISSI-2 and 1GI/fasting insulin, Fig. 1E and F).
The ISSI-2 and IGl/fasting insulin of late OGTT sig-
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Insulin sensitivity (A and B), insulin secretion (C and D) and beta cell function (E and F) of early and late OGTT in women

with normal glucose tolerance (NGT) and those with late-onset gestational diabetes (late-onset GDM). * p <0.05 vs. the NGT
group, + p <0.05 for late vs. early OGTT of the NGT group, # p <0.05 for late vs. early OGTT of the late-onset GDM group.
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nificantly decreased compared with those of early
OGTT in the NGT as well as late-onset GDM groups
(p <0.05). Women with late-onset GDM showed sig-
nificantly lower levels of ISSI-2 and IGl/fasting insulin
compared with NGT (p < 0.03).

Discussion

The present study demonstrated that 1) beta cell
function evaluated using Dlo significantly decreased
from early to late pregnancy, most in women with late-
onset GDM, 2) the possible mechanism of decline in
beta cell function during pregnancy could be ascribed
to insufficient compensatory increase in insulin secre-
tion against marked decrease in insulin sensitivity. To
date, no studies on longitudinal assessment of glucose
metabolism during pregnancy in Japanese women have
been reported.

Insulin sensitivity decreases with advancing gesta-
tion, especially in late pregnancy [1]. It has also been
reported that women with GDM have lower insulin
sensitivity than those with body weight-matched nor-
mal glucose tolerance [2, 3, 5]. In this study, insulin
sensitivity assessed by ISogrr and HOMA-IR signifi-
cantly deteriorated in late OGTT compared with early
OGTT in both of the late-onset GDM and NGT group.
There were no significant differences in maternal base-
line characteristics between the late-onset GDM and
NGT groups, except that pregravid BMI in the late-
onset GDM group were significantly lower than those
in the NGT group. However, body weight gain from
early to late OGTT was comparable between the two
groups. Peripheral tissues, probably skeletal muscle,
are primarily responsible for disposal of glucose [13,
14]. Therefore, the reduced skeletal muscle mass could
be possible contributors to decreased insulin sensitivity.
This might be associated with our findings that insulin
sensitivity in early pregnancy was comparable between
the NGT and late-onset GDM groups, although women
with late-onset GDM were leaner than those with NGT.
Further studies will be needed to clarify factors related
to alterations in insulin sensitivity in late-onset GDM.

Albeit decreased insulin sensitivity in late pregnancy,
insulin secretion assessed by AUCg/g1, and 1GI did not
change from early to late OGTT in the NGT as well
as late-onset GDM groups. Consistent with our find-
ings, several studies have shown the minimal increase
in insulin secretion from early to late pregnancy[l, 2,
71. Of interest, women with late-onset GDM showed

lower levels of IGI compared with those with NGT in
late OGTT. In the Caucasian population, studies on
insulin secretion using the intravenous glucose toler-
ance test revealed that a decrease in early-phase insulin
response contributes to the development of late-onset
GDM [15]. The IGI is one of the OGTT-derived mea-
sures for the early-phase insulin secretion [10]. Similar
to the Caucasian population, defective early phase of
insulin response could be associated with late-onset
GDM in Japanese women.

The beta cell function assessed by Dlo significantly
decreased from early to late OGTT in the NGT and late-
onset GDM groups, with greater deterioration in the
late-onset GDM group. In our previous investigation,
beta cell dysfunction was demonstrated in Japanese
women with late-onset GDM [5], which is similar to
Caucasian population [6]. However, alterations in beta
cell function during pregnancy in women with late-on-
set GDM were not investigated. Therefore, we exam-
ined the longitudinal changes in ISSI-2 and [Gl/fasting
insulin in the current study. In this investigation, both
of two measures of beta cell function significantly dete-
riorated during pregnancy in late-onset GDM. As was
found in the assessment of insulin secretion, women
with late-onset GDM showed lower levels of IGI com-
pared with NGT. Both of the defective initial insulin
response and impaired beta cell function seemed asso-
ciated with late-onset GDM, as are reported in type 2
diabetes [16]. Additionally, we found beta cell dys-
function in women with GDM detected early pregnancy
using Dlo (unpublished data). Taken all together, beta
cell dysfunction seems characteristic of early- and late-
onset GDM.

Similar to women with late-onset GDM, those with
NGT showed decline in beta cell function from early to
late OGTT. In this study, the NGT group comprised of
women with normal OGTT results in early and late preg-
nancy. However, those have positive screen for GDM.
It has been reported that a milder degree of glucose
intolerance in pregnancy (i.e. abnormal GCT with nor-
mal OGTT) is related with the future risk of pre-diabetes
or diabetes [17]. Our results suggest that those with pos-
itive GDM screen are at risk of beta cell dysfunction on
a background of decreased insulin sensitivity.

The main limitation of this study is that the number
of women examined was small. Since we reviewed
clinical data of women who underwent the diagnos-
tic OGTT twice during pregnancy because of posi-
tive GDM screening, the number of subjects was lim-
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ited. To confirm our findings, studies using a larger
cohort of pregnant Japanese women should be per-
formed. The second limitation was that this study was
conducted using a cohort of tertiary hospital patients in
urban area of Japan. Therefore, most women examined
were over the age of 35. Since beta cell function could
decline with advancing age [18, 19], some may argue
that advanced maternal age could have influence on the
results. With regard to analysis performed in this study,
maternal age was comparable between those with NGT
and late-onset GDM. However, we should be cautious
in interpreting absolute values of index examined. It
might be of interest to investigate changes in meta-
bolic phenotype of younger pregnant women. Finally,
beta cell function (i.e. ISSI-2 and IGV/fasting insulin) at
early OGTT was not associated with the development
of GDM at late OGTT in our study population (data
not shown). Because of the observational nature of this
study, it is difficult to determine whether beta cell dys-
function is a cause or consequence of the development
of late-onset GDM.

The Dlo is valid when the relationship between insu-
lin sensitivity and insulin secretion is expressed as a
hyperbolic curve [12]. Using a model of log (secre-
tion measures) = constant + f x log (sensitivity mea-
sures), a hyperbolic relationship can be established if
B is approximately equal to -1, with 95% CI excluding
0. In our previous study cohort including a part of the
present study population, mathematical measures have
shown the hyperbolic relationship between insulin secre-
tion (ALICins/ghi) and sensitivity (ISpgrr) In both of the
NGT and late-onset GDM groups in pregnant Japanese
women [5, 11], as was found in pregnant Caucasian

women [20, 21]. Consistent with previous findings
[10, 12], the relationship between IGI and fasting insu-
lin was also hyperbolic in a study cohort of our previ-
ous report, although ISSI-2 showed more satisfactory
results about the hyperbolic criteria (unpublished data).
The hyperbolic relationship of ISSI-2 was reproducible
in this study population (i.e. B: NGT, -0.8, 95% CI -0.6
to -0.9; GDM: -0.8, 95% C1 -0.5 to -0.9). Nonetheless,
because of the small sample size of this study, further
investigation using a larger cohort is needed.

To our knowledge, this is the first report on longi-
tudinal alterations in glucose metabolism during preg-
nancy in Japanese women. We have demonstrated a
marked decline in beta cell function in women who
developed the late-onset GDM, with the underlying
mechanism of inadequate increase in insulin secre-
tion against decreased insulin sensitivity. Additionally,
adaptive increase in insulin secretion was minimal and
beta cell function could deteriorate during pregnancy
in women with positive screen for GDM. Our data
imply that women with gestational glucose intolerance
are likely to develop beta cell dysfunction on a back-
ground of chronic insulin resistance.
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