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Proinsulin Secretion in Pregnant Women

Reiko KANAMURO, Yasuhiko IWAMOTO, Keiko YANAGISAWA, Tamaki NAGASHIMA,
Natsuko SUZUKI, Mayumi SANAKA and Yasue OMORI
Department of Medicine III (Director: Prof. Yasue OMORI)
Tokyo Women’s Medical College

Serum proinsulin is disproportionately elevated both at fasting and after an oral glucose load
in non-insulin dependent diabetes mellitus. We investigated the effect of pregnancy on serum
proinsulin levels and the proinsulin/insulin ratio (PI/IRI) during an oral glucose tolerance test in
pregnant women. Forty-six pregnant women with normal glucose tolerance (NGT), 60 pregnant
women with borderline glucose intolerance (BGI), and 10 nonpregnant healthy controls were
examined by 7bg-oral glucose tolerance test (OGTT). Serum proinsulin was measured by radioim-
munoassay using specific antiserum for human proinsulin. Fasting proinsulin levels in non-
pregnant controls, NGT in early gestational period, NGT in late gestational, BGI in early
gestational, and BGI in late gestational were 5.2 = 1.2, 6.1 =£5.9,8.9 + 4.5, 8.6 + 5.5 and
10.9 + 4.4 pmol// (mean £ SD), respectively. Fasting PI/IRI ratios in these groups were (.12 +
0.04,0.12 = 0.09,0.19 4+ 0.10,0.19 = 0.13 and 0.27 £ (.14, respectively. In both NGT and BGI,
fasting proinsulin levels and the PI/IRI ratio in late gestational period were significantly higher
than those in the early period. In 27 cases with BGL. OGTT was repeated in the late gestational
period. Amelioration of glucose tolerance was observed in 6 cases (group A), but not in 21 cases
(group B). Summed values of the serum PI/IRI ratio (EPI/SIRI) during OGTT in early ges-
tational period in group A was lower than in group B (0.08 = 0.02 vs 0.15 + 0.07, p<0.05). The
results suggest that serum PI/IRI increases during pregnancy and that serum PI/IRI in early
gestational period in BGI case serve as a predictor of glucose tolerance in late gestational period.
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*1

WHRE L O GTT IEHE, MR ROHE R

N & B i & B OR A T
%ﬁggg E# R IR — p
7 G L] % U A HA #®
TERIEL 10 15 31 17 43
s 29.743.9 30.1+4.8 29.8+4.2 31.444.8 31.646.7
&l ) (24-34) (25-37) (22-43) (26-41) (20-44)
1EIRRT BMI B 18.6+2.6 19.5+2.2 17.843.0 19.3+2.8
(kg/m?) (15.7-23.0) (17.5-25.2) (17.3-24.0) (17.8-28.0)
g BMI 19.9+1.3 19.941.6 23,242 3% 20.343.0 93.0+2.7%
(kg/m?2) (17 .3-21.8) (17.5-23.0) (19.7-29.9) (17.5-25.7) (17.5-30.4)
. B 1241 3342 1142 3342
R (10-13) (28-36) (8-13) (28-39)

mean=SD, FEIMAIZEF 279, *: vs A p<0.01, a: vs IEFAFEFSR p<0.01, BMI: body mass index, DT

K BMIIZ#& 5 P 0OEIC &L o 7.

SMICE N TV BIID,

Lo L, IR O g AlilateE % ik 7o 1 >
A COIWEIRE X DIRET L o ld e v, EIREF
BT AMP 7O A A VAWERE RN,
OA R Ch S HIERTORE B MFARRE &,
TR BT BMMF 7 a4 > A Y »HIEDORRIE
FEBREI LT,

NERELUHE

1 %

IEIRDSHETE U 7R T, IRVERGE, FERRIEORK
BEEN D 5, WEICERBSGEREND 5, s
H5EDEHTRTXY Y L DT75g 7 KUk
ETiadER (glucose tolerance test : GTT) DUHEE
O CHEe I —EZ2 L EREeTRE L
72, DI, GTT BV TIERE LERA L5
U 7z FERE AR 10645 2 L7z, GTT OFE I
HABERIRFE = OHEEAEIC L DT 722,

SR E U Eim1064103, GTT IEHBEm464
(FEIRETILSS, ®i314) & GTT HRAA 2R L
721604, (RIRAHAL74, £8HH4340) a7z,
IEIRATHA & R IR1 B KRS, IR & I3 HEIR28
B EEE LTz, R 1 ICESFHOFE, HIRELL,
HRET body mass index (BMI), ¥ X UOMRER:
@ BMI O %7 LTz, Eim ORER BMI X
o DB L o729,

FIRATHIC GTT ERE 2R L, —EHEOR
EFEDOD L, ZORHRE A DT DICEREF I
HE GTT 2HifT L7 w274 % RO 2 30
THREXNRE Lz, T4bb, HIRATFE, #e

xR2 FREEC GTTHERE 2RL, FEREXO
GTT TEREZ L Y- 1F R (REE) - FE
Bzl o ot (BER) ofE

T~ % B i E R
TEGIEL 21 6
FH (%) 32.0%£3.5 30.5+3.3
(24-40) (27-36)
ILiRRT BMI 17.7+2.9 19.8+2.2
(kg/m?) (16.8-28) (18.1-24)
HoEsiy BMI FIES 21.6+3.0 20.1+2.2
(kg/m?) (18.4-28.5) (18.9-24.5)
®’ 23.6+2.8 22.242.7
(20.9-30.4) (18.7-27)
TERIEEL AT 1342 1543
A (8-17) (10-17)
a3 31+1 3441*
(28-34) (31-36)

mean+SD, FEIMAIZERE AR, * vs AEE p<0.01,
BMI: body mass index, &K BMIi3Z& S5 ¥DOIME

Loz,

HICEFRAN LR IEm214% GTT AR, T
IREF TIPS EERICWE L EE o6 &4 %
GTTeRERE Y Lz, R2UETEHEWEHDE
W, FIRER, FIERT BMI, #Eks BMI 0
E%7R Uz, (RURATE & X200 KM, TREY L
20 A% L EER LT, IR O GTT MEfTh
DIFIREBNZ28~363H 12 945 L Tz, I 7o
A VAV U WERRICEES LG Z AUREED D B
A VAN BREZIZINDS DRI D T TCERS
LTh3, GTT IEFER O IEEE104 % Xt i
E L7z,

2. Hi&

TG & OV MR FRi e 1o U R R 22 fR I 7
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R wdE75g (hL—5 > G®) 2EOARL, AR

i, B30, 60, 12053 OF 4 EIRIKIAEIR X D 1
B ZTv, SEaOMmiE 1R Y Y, 7adg Bhre
YA rERAE L, M XRINEE S < Glu-
cose AUTO & STAT GA-11400 7 )va—Zx A
* v ¥ —YEECE/ SR E GREE—F
) BRGCHE L, I I3E L8R —20°C
THEREL, A1 YAV Y, a4 2V Ol
FWHE L2, 4 2 ) Y OBIEIZIE ES3000 4 >~
FA v FiE (R=D =N L) ZHWY,
a4 A Ui, BiERoe » a4 A VR
BERPmE % v 5 radioimmunoassay (RIA) 12
THIE LY, Huni-7aA v A ) UHIlEIEA

YA R CRTF R ERXRIGZRE TN, 7.

7z, 2D 7uA A SEED RIA kO [FRF R
Mo CV 125.5%,
Hotz¥, B, 7oA R /4R iR
ENHTRLT,
R FE - F¥ERZE (mean=SD) T/xRL,
B EWE X, Wilcoxon O JEALH E & Mann
~Whitney ® URRE#F\, p<0.052F=E & L

7z,

HEHIRMYEOCVIZ.7%T FhRE

L

SRR EIEEFEnmb T 04 R i

EEIFFERICB TS GTTROA YA ) Y RIG
X, ZERERE, 30, 60, 1203 DIEIZFNZFh, 8.4+
1.6, 45.0+10.0, 37.0+9.1, 29.8+8.94U/ml T
bHotz, GTTEO a4 v AV YR, 22
i, 30, 60, 12043 DIEIC Z 1L Z41,5.2£1.2,16.2+
3.7, 20.9+5.6, 21.8+5.8pmol/l TH -7z, 22
B4 20y, A YAV UBLUOZDOH
(fasting PI/IRI) & GTTEDA > 2V > O
(SIRY), a4 > AV OBMEPDBLUZD
e (CPI/SIRD %#3%3, M1 (A, B) xe®

2. GTT EBBUHFOMAPT OA XY >3

FIRFEIC BT 5 GTTEOA AV v Kt
X, ZEfEEE, 30, 60, 1200 DIEIZZhZEh, 7.6+
3.2, 43.6+14.0, 44.1+20.1, 41.1+16.6xU/ml
Thotz. GTTHO 7 u4 v AV Y KRitiE, 25
¥, 30, 60, 1200 DIEIC Z L Zh,6.1+£5.9,15.4+
9.2, 19.7+12.9, 26.3%20.0pmol// TH - 7=,

HIEHHICB T 2 GTTEOA YAV >Rk
1%, Z2fERS, 30, 60, 1203 DIEICZh Eih, 7.8+
2.6, 47.7+19.3, 57.5+24.1, 42.2+17.2,U/ml

%x3 WEBLOGTT EEMNELR L ERAERI B 2 CHENE, A V2V >, 7ol VA v e GTTHRO S
¥, SA>RY >y, STaf A

GTT D44 EH RIS IR NN U B R B TR
IEREAR B # % W T % M
FEGIEK 10 15 31 17 43
Fasting PG 89.4+5.8 81.7+4.9t 76.945.93** 83.4+6.3t 78.6+7.85**
(mg/dl) (78-98) (73-89) (67-90) (73-94) (61-98)
SPG 433.6%51.1 426.1+41.0 439.3423.0 510.5+42.61° 507.7+41.8f°
(mg/dl) (340-485) (358-498) (395-487) (436-570) (441-617)
Fasting IRI 8.4+1.6 7.6+3.2 7.8+2.6 7.5+2.8 6.7+2.41F
(«U/ml) (4.8-10.2) (3.2-12.8) (3.5-14.8) (3.4-12.8) (3.0-13.4)
SIRI 144.6+28.2 136.4+38.5 155.3+43.5% 147.4+34.7¢ 150.8+47.0%
(xU/ml) (77.8-149.4) (62.4-191.4) (91.6-250.1) (79.9-195.2) (60.9-255.7)
Fasting PI 5.2+1.2 6.1%+5.9 8.944.51* 8.6+5.5 10.9+4. 45>
(pmol/1) (3.0-6.6) (1.0-23.0) (2.0-22.6) (2.0-22.4) (3.6-24.1)
SPI 64.1+15.2 67.5+42.4 81.0+28.7 86.1+31.2F 92.4428.0%
(pmol/1) (32.9-82.4) (14.3-153.2) (43.2-147.6) (39.4-162.4) (41.2-167.4)

* 1 vs BiHA p<0.05, **:vsHI#Ap<0.01, a:vs IEFEEITH p<0.05, b:vs EERTH p<0.01, T:vs EFBIETLE p<
0.05, 1:vs EERFEF p<0.01, mean+SD, #HEIMAIZ&E£Rd, PG MHE, IRI: >RV, PI: 7Fud 2y,
S GTT O&RES DAL '
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0.2 " p<0.05
x
N
T 0.1 T
N
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ERRIENSE ERETE BEREER

1 B L GTT EFATE & ERETR IS
VB IEIRETHI S o a4 v XY /4R Y v
o
Y . fTiRRE, W EIREEHEA, mean+SD,

(A) fasting PI/IRI ! ZZfERE 04 > 2 ) v /4 >~
AV i, (B) SPI/SIRIL: GTT O&EES TORT
D7aA4 AN /AR UH.

ThHoTz. GTTEHOa4 AV Kk, ZEE
B, 30, 60, 1203 DIEIC Z N ZF4,8.9+4.5,17 .5+
8.5, 24.0%£8.0, 30.5+14.8pmol/! ThH -7z, &
IRAITHH S IR B A 22 a4 > R )
v, 4 A B X fasting PI/IRI & SIRI,
SPIB XU EPI/SIRI #5% 3, BA1 (A, B) cZ
&z,

IFIRATHE & i O b T, EHEREA R Y~
WHTHEE, BEACE T2 <, SIRT IFEREIRIC &
fEEERLIBBREE IR o 7z, ZER oA
YA VFEFRATHAC EARB I CERICE P o 72
(p<0.05)2%, GTTHRO a4 v R I
BREER P o7:(F 3), Fasting PI/IRI IZ4EIR
HIEIC HARBHIITEEICEEL2R L (p<0.05)

73, ZPI/ZIRDIZEEIRETHR & I TR 2o 2
(K 1A, B).

N E IR & OB T, 1 Y A ) VRIS,
ZRERF 70 A A Y >, B X U fasting PI/IRI i%
WIS IEFAEREOEIREH CERCEME T
botz (£33, K1A),

3. GTTIHRFEUFIFEOMAPT O A > R 5k

ﬂﬁﬁ%mﬁﬁéGTTﬁ@%yxuyﬁm

%, ZEWERE, 30, 60, 1204 DIEICFhEh, 7.5+
2.8, 42.24+16.5, 45.3+15.5, 52.4+14.7,U/ml
Thotz. GTTEO Fu4 > 2 ) Y KIniE, 2218
i, 30, 60, 12053 DIEIC # N F 4, 8.6+£5.5,16.5+
6.8, 23.5+£10.4, 37.6x21.7pmol/! TH - 7-.

E%%%m%ﬁéGTTﬁ@4yxuy&ﬁ

, ZZNEEE, 30, 60, 12053 DIEIZZnZFh, 6.8+
2.4, 39.24+15.8, 52.5+21.0, 52.3+19.4,U/ml
Thotz. GTTED FuA4 > 2 ) VKGiE, 221
B, 30, 60, 1200 DlEIZ#FZFh, 10.9+4 .4,
18.3+£6.2, 26.3+10.4, 36.9+=16.6pmol/[ T
H Tz, HIRATA & IR IAIC B 5 28R 7 0
AARY vy 4R B & fasting PI/IRI &
2IRI, SPI BX U EPI/SIRI 2% 3, 1 (A,
B) ok &7,

IEIRETHA & A T, ZERERE 1 A Y
RTHEA, BEATE IR L, SIRI b ZE2FDLh -5
2. Ldl, ZZERE0A > 2D > REFEIRETHAI
th’\{ﬁﬂ;ﬁfﬁ%k@ﬂo 72 (p<0.05). GTT K
T4 ) URIGIEBEEE o7 (FE
3). Fasting PI/IRI iZBTHA b RBHITEE 12
EfEER LT (p<0.05) 53, SPI/IRI IZEGHI &%
HTHEEZ I -7z (K 1A, B).

4, GTT IERETF & HEFRBGTIRO L

GTT IEH ity & BEHRIERD A VA UK
M B EE 2RO o Tz, BRATROZEE
B 74 A U SPIBERAICHERTEW,
HECH Y, & ICERBIIOZER 7o 1 » X
) IEEBRICED»-> T (p<0.05) (3). Fasting
PI/IRI B X O%, SPI/ZIRI &, HREEBEHICBWT
EHANCHASEFECEEE T L (K 1A, B).
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R4 TEHEUEHCBY 2TEBME, A1)y, FufvA) vk
GTTHEHDOZIFE, SA>XVy, STFaf AV

TEEHE YERE
IS % F IS '+
FEBIEL 21 6
Fasting PG 85.1%£4.9 82.7£6.5" 79.2+5.8% 73.8+9.2
(mg/dl) (78-97) (73-98) (68-84) (63-86)
2PG 515.9x37.0 513.0x32.6 496.3+27.5 448.7£61.3°
(mg/dl) (461-611) (454-576) (457-540) (340-516)
Fasting IRI 7.3£3.1 7.8+2.7 7.2+2.8 7.8%£2.2
(«U/ml) (3.0-13.0) (3.0-13.4) (3.9-10.9) (4.1-10.8)
2IRI 152.1+45.9 166.8£65.5 184.4+60.2 179.3+£68.5
(xU/ml) (90.9-245.7) (75.9-313.6) | (105.6-258.1) (99.2-278.9)
Fasting PI 9.4£5.2 13.24+6.1** 9.2£4.9 9.5+5.1
(pmol/ ) (3.8-26.9) (4.7-24.2) (4.8-18.8) (2.0-16.6)
=PI 134.54+75.6 139.3+99.0 85.5+24.5 87.3+£49.6
(pmol/ ) (41.6-271.4) (53.9-464.9) (45.3-111.9) (51.8-181.4)

* IS HEIEDP<0.05, **vsHEIEEp<0.01, a:vs NEEEDP<0.05, b:vs "ERp<
0.01, mean=SD, #EMWII&FH%2xR3, PG : figs, IRI: A1 > 2V, Pl a4~

71

AV v, 3 GTT O&K SO,

5. GTT HERETIZIZE T DAL L EHD
hile: 37y

HIRRGHEP 2 M0 GTT B h b IERE 2R
LTe REFICBWT, Z2MEREA > X ) VI3 IEIRE]
H, BFETEIZR L, SIRDIZFRE Y CHME R

ROTDEBEREI Mo, Bl a4
AN VFEIRATR I AR TR R ICEEE R L
72 (p<0.01) (%4), Fasting PI/IRI IiZ /731 b
NEPTEECEGL kol (ERETF vs Y,
0.24+0.16 vs 0.31+£0.16 ; p<0.05) 23, SPI/IRI
HEIRATY: E P BEZE o7z (K2).

—F, HREET 2 B0 GTT 5 RM M 5 1E
HFRNCWE L -WERIIBLT, A YA YRIE
BLUOTuA YA U RINCIZIEIRATE S BT

BEEYROKIo/(F4), %7z, fasting PI/
IRI, SPI/SIRI DWW T bHFELBETERYR
hotz (M2),

GTT TERE 2R L T HRRE B W T
AEEERER L2 U, £ R ) Y RIGIZHK
EHORFVEERERL, FoA YA VKRG
FEWERERL T2 (K3), 0EE, SPI/
SIRI BWERICHARTEHO AP EECE» -
7o (AEFHvsWEFE;0.1520.07 vs 0.08+
0.02; p<0.05). 4 >RV YYHIKIGOIEETH
% insulinogenic index (4IRI/4PG 30') iZcZERf

PI/IRI

WERE (-9
0.5 ] 05

0.4

0.3

PI/IRI

N

0.2

N\

0.1

% W

fasting PI/IRI S PI/ZIRI

“fasting PRI S PV/S IRI

2 GTTAERE L GTT EBICB T 2 EFREATE
LBFEOTOAL VRY /A A VIO K
YRR, : IEIREE S, mean=SD, fasting
PI/IR] . ZZEE; Y u A > A Y »/4 v AU U,
SPI/ZIRI: GTT OZEETORFMD a4 >R Y
/A4 A s,

WHANTEBRTHEEB I E» o7 (RER ve 3%

#.0.56£0.20 vs 0.81+0.31;p<0.05) (X

4).
z =
ME, MF7aq 2 v Faf 2 /4
YAV VDR E X EREBPIRREICB W TEL
%5 ERIREINY, KB MEOMERE 2R
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PG (mg/dl) [RI ( xU/mi) Pl (pmol/l)
180 120
100
......... 100 ]
140 AT 80
’ - 80
100 { 60 60 1
i 40 40/
60
20 201
20 r ¥ T T 1 O r 1 0 T T T T 1
0 60 120 0 120 0 60 120
Time (min) Time (min) Fime (min)

3 GTTERE T U EENRIC B0 2SR L WEROIE, 1 VA >y, 7

oA A O HER

@ | TEHE (n=21), O d#EH (n=6), PG MFEE, IRI: A >RV >, P11

a4 >AY Y, mean®=SD, *:p<0.05,

0.5 7

0.4 7

0.3 1

PI/IRI

0.2 1

0.1 1

fasting PI/IRI

p<0.05

ZPI/ZIRI

p<0.05

1.2

1.0

0.8

0.6

41R1/4 PG 30’

0.4 1

0.2 4

41R1,/4 PG 30’

R4 GTTERNERUERINECS D 2TEREUSHO 70 A VR ) /A
YA VB IO A YHHRIGD R
B . AEEE (n=21), &3 . &EH (n=6), mean+SD, fasting PI/IRI : ZEfERE
TaA4 YA /A YA v, SPUSIRL: GTT ORRESETORMD 7 a4 A
V) A VA H, AIRIJAPG 307 0 A v AV YAIHHRIE (insulinogenic index) .

T—oODIBEIZRY I 2bDE LTEHEIATY
.M 7aA4 v A) /A4 A) VB ERTS
e LT, 704 YR nHA YA UAD
EHOEESY, a4 A YEEHICELE
DR MERINENE A NS Z EEESI T
W3, Thbb, EROA4 A VEENEED,

BE B MDY I R B &, KRG IMERL DY
LM E N AR H 5, Fl 2 1E, EEE<
BRI <PEIRHE & TNFERE DS B L A i DI 7
oA >vRAY /4R v (PI/IRD »S8h0s
2%9~%  Dornhorst' i3 - YR ¥ FK " (gestational
diabetes mellitus : GDM) & 8> TZEfgREM 7
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O YAV UREBEICE S EHE LT, RFRI
BWC, GTT IEF A iF & BB O g T,
GTTHEDA Y A Y DRI IZEZ RO LD >
oS, B 7 a A YA oS af A /4
VAU S, BRATE LR, L0, HR
BETREEENRD LN, IhbiE, HFE
BOTHMHEREOBMCET a4 2 YO
ST UENR B 25 2 ERRLTW 5,
FRBEIC R 212D, RBIVELEShS T
Abwas v, s A7 a>, human placental
lactogen 72 ED A > AV UEEHLR IV E 3G
U, REGHEBEO A > 2 ) VBRI DY, £ >
AN YDA WMIIILET B EBHMSNLT W
B0 ARFFRICBWLTHEIREOA v 2 ) VK
&, EHEA, SR & b I EIRATHAIC B
THEMMEmCD -7z, SNREET 2 LARICR
EBTHY, FIROMETIHED 4 R Y ¥ O3
THERD & iz,
HIROETIC LV, HiFOKE g Hifarkstic &0
EOBRENBEDZDD, a4 YA VWD
HIE L VS L, PV RV REERLVEYD
BETETaAL Y AY /A4 VA VSRR
BEVHHERDH DY, B LMROEELZNE
NOFRNVEZ > THEREEERZS T TWVWEZ
EWNRBENTWS, 72, Kuhl 5'9%, GDM %
BRI B W TR AR 0 & 21
TZEERIMT a4 > A ) VEEIC K 55 PL/
IRI 0Zfiz A s v L8 Ui, AR TlE
TR S YR ) v/ A A CHASIEE R, B
SR Y b IERATENC B TR C ER L T
Wiz, 2O IFEIROET E &b Ik g Mk
PP HEMOBERERLIZDD EFEZ Sz,
Lirl, BEETCER7 R YEEACmZ T LT
FIRETNVAT U B2RETHEAAL VRAY 5y
WHIBERMAZTH, 7a4 v AV /4 v R b
FEHELZWEVDNA, NIDDM B 5 7/ a
AR /AR O ERIZEICE g T
DBEICHBMENE I ERLD2DTIER L, B
B AR & D OWRERFEWEAET 5 2 L BSHEE
INTWBY, HIROETE & b wcgings 3 Pl/
IRI &, #iRFE g MfEREREE 2 b5 L Tw

73

LEbFEZHND,

fERGIE A A VPR bS5 L, BA VA
U CIMAEZR L, BE B Ml~NDOEFbRE RS
EEZoNTWS, LirL, BEmr7uAf 2
VAW RIZTEERR LR CE s, B
WE TR, THEEOBRE b oA VA >,
Fu4 YA L bHEmL, o, Fud
YA VA A TS DS R FE B D FEAE
BHEERASNED ST VWS, KRB
JAFERIHO a4 YA /4 Vv AY VHO
BN TR OET IS REEMEES L Ty
wnEBbhb,

AT B BRI, REGME, BERBEOR
BRED B 5 7% £ OB T75gGTT % iifT L 7z 4F
BTHsb, 2D GTT EFEM%E 2L - eI
HIRICBOTHNA T Ao Tna Elbh
3. BEWCX, EROERE D o LIEEAIETR
QBB LEMD Lite\w, 12721, BERED
RIEFEOFEIZZEERB L O GTTHRO o4 &~
AN /A VA Y HICREERE Z B0 E DR
EDIH S B 120

NIDDM B i BEE L 2TV sE 03k
THE,7TUAVAN /A VA VHBMETT 5
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