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Glucose Metabolism and Polyunsaturated Fatty Acids in Japanese Pregnant Women

Tomoko Suzuki, Keiko Yanagisawa, Mitsue Muraoka,’
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'Diabetes Center, Tokyo Women's Medical University, Tokyo, Japan
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Aims: We aimed to clarify the relationship between maternal glucose metabolism and profiles of fatty acids.
Methods: We studied 102 Japanese women with singleton pregnancies. An oral glucose tolerance test (OGTT)
was performed at 26.6 +4.0 gestational weeks. The serum levels of triglycerides, total cholesterol, high- and low-
density lipoprotein cholesterol, free fatty acid and polyunsaturated fatty acids (PUFAs) were measured in fasting
blood samples. Fish intake was ascertained by a food-related questionnaire.

Results: OGTTs revealed that 14 subjects had gestational diabetes mellitus and 88 subjects had normal glucose
tolerance. There was no significant difference in terms of age, body mass index before pregnancy, body weight
gain from pre-pregnancy to the time of the OGTT, lipid levels, or frequency of fish consumption between the two
groups. We found a positive correlation between fasting plasma glucose (FPG) and serum C-peptide levels and a
negative correlation between FPG and docosahexaenoic acid (DHA) levels. FPG levels did not correlate with the
frequency of fish consumption or eicosapentaenoic acid (EPA) levels. Multiple regression analysis showed that C-
peptide (B = 1415, p = 0.009) and DHA (B = —0.045, p = 0.003) levels independently related with FPG levels and
free fatty acids levels (B = 0.054, p = 0.001) and fish consumption (B = 4.437, p = 0.034) independently related with
1 hour glucose levels.

Conclusions: FPG levels were negatively related with DHA levels, while there was no relationship between FPG
levels and EPA levels, suggesting that these n-3 fatty acids are involved with plasma glucose levels via distinct
mechanisms in pregnant women.
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NE B e (B IR L B D BB ) A 7 KF-
D—DTHY, PRFEZEICEEHEICREDO NS,
L, NEWiEE & BRI & OBEAER Sh, il
CEFNLHITA PRy ¥ IR (eicosapentaenoic
acid : EPA) ® Fa ¥ A F ¥ L V# (docosahex-
aenoic acid : DHA) & 21 % n-3 A&l Al
WA X BB IRBEALAE ] P IIEAE ] 2R3 2 & a8
HOPMIENTERY. F/2, n-3 REMMA AR
BRIZE A 2D Y IEBEOS B RRINTE
DY TV T ANEIZBWT n-3 REMA SRR O
BEHUZ X BBERFIAE Y A 7 O T R S
TWwWB",

VLAE, IEUERE R R (gestational diabetes mellitus :
GDM) O Wi ZEHEZ 0, Il o Sk, BATG O
L &2 & ), GDM L Zhr s s BEDBEML T
By, ZoNENsEIND. A F7EF—A LT
THELD 2L eIV ATF<YTF 4 v 7 L Ea—
T, MR ORI GDM BIEFR & % 5 =
Ty Ao N7 L L, HEAZET
W7 V7 AHEToOmFIEIhECHEI LTV A
V. EZTAHRBZEE, HARAZEICBT 5 ko
NIt & BERH & OBEZ O NI T L2 L2 HIY
L7

MR EHE

1. X%

x5, 2013 4 10 H 225 2015 4E 4 HICHE KT
PERF R EHR 7 — CIHHIRE P2 1T\, A28
NOBICHBESHONZ12 A TH 5. Kt
7 — T, FEIRARZETA F5 4 CNZHNY, R
FOMPERERFE DR ) == T hRfToT0b. i
A% 40 399 1 I B i B i 100 mg/dL BA b, AT 4% v 1)
(24~2838) 1X50gF ¥ L ¥ 75 A I 140 mg/dL
DilaAZ7) == 7Btk LT IC 75 g #%
17 K g s (oral glucose tolerance test :
OGTT) #4T>T\w5.OGTT OHIsgid, HARKERIH
R a L HABRE X EDORRIERRICL %%
WL HeY (230 & | B 92 mg/dL, 1 B¢l 180 mg/
dL DL L, 2 g 153 mg/dL L E o w1 J
VL k72354 % GDM L 3 L7z A5 T3,
IR I DIRE LS OGTT % HifT L7z il 2 b4 & L
7o BURRIESR, HHRIR R BB R, A7 a4 REHH,
WEEY) b R Y Y NIRb OB L 722 ABFE I
R TFERRAGELZHIIC L KB EZHTIT-
7z (2013 4 9 H 13 HAKGE, &8 775 2915R 7).

2. Bk

OGTT AT DB, MEURFiAE, Hdh7z) O
W2 PR L 72, AMHORINLT, NEZFOE Y
Alc(HbAlc), ##fb7 V7 3 ¥ (glycated albumin :
GA), 4 ~ 21 v, C-peptide immunoreactivity :
CPR), #aL A25u—J), hY2Z )+t K, HDL-
IV AFu—), LDL-2 L A7 u—), EHEIR
1%, 7 % N Y (arachidonic acid : AA), EPA,
DHA, VAREYY /L VBEIEL.

MG XA F YV - —F UV % (Labospect 7700,
H 8 4Efr), HbAlcd m#wkra~x 7 5
74— (HLC"-723GY HE 7)) a~NEZ 1 ¥ V55
Mt By —BX&th), GA BEERE OV ¥ A2 GA-
L%y b, ifbs 7 7 —<#kaX&4t), il CPR 13
AT IEM E B OV 3 7%V A %Presto 11, &1
Vet sAatt), Wik (EPA, AA, DHA, V&
EyY LY BHFAra~< N5 74— (TC-
70 V- i A Ly A, P YRR,
HDL-a2 L A7 u—)b, LDL-2 L A7 u— Vit
53T (LABOSPECT 008, HAZBUERT), it dt ik
EEE# D (HR NEFA-HR (2), &-L7 4 v 2af6kk
A&+, Biomajesty JCA-BM8060, H A+ &
) THlE L7,

OGTT O HRIZHED X, IEHHHERE (normal glu-
cose tolerance : NGT) & GDM (243 L, WAL <
MEIRE % S CEHRIREE O AT - 72, F 72406
BT, MBEE & s IR % & O ERRIEE & o3
AT L7z,

Homeostasis model assessment insulin resistance
(HOMA-IR), homeostasis model assessment B cell
function (HOMA-B) (X2 D MpEfiE s & U084 >~ X
DI LY, T osHEX TR L2 - HOMA-
IR=(ZEJf¢ A > 2 1) ¥ (uU/mL) x 22 Ji§ IR ifil 4 A
(mg/dL) /405 : HOMA-B=360 x 22l 4 > 1) ~
(WU/mL)/(x ZEfEREMpEE (mg/dL) —63)7.

3. MMErERVEER

EBUE D & 5 s foe & 13 Pl = 4 8B R 7= (stan-
dard deviation : SD), 1EHEIZZ L v e 134 g
il (MUGALHPE) TR L7z, 2B, IEHEOBER
Shapiro-Wilk M€ T1F - 72, 3L L7z 2 BRI 3
fili ® M # 1% Student's t #t & & % \» 1E Mann-
Whitney @ U #E, Mz L7z 2 B O FE O Hgix
Y HEIZ & o TIT o 72, MBIHTIZIE Pearson & 72
1% Spearman OAMHBIFREL (rs) %, MUKEE & Z DD
BRARIHH & o> B L 5 WG 200 2 FH TR L 72,
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Table 1 Comparison of clinical characteristics and laboratory data between the subjects with nor-

mal glucose tolerance and gestational diabetes.

NGT (n = 88) GDM (n = 14) p value
Age (years) 6.00 (32.25, 39.00) 36.50 (32.75, 40.00) 0.266 2
Gestational age at the time of OGTT (weeks) 24.30 (23.00, 26.90) 24.50 (23.08, 25.85) 0.566 2
Height (cm) 158.1 + 5.1 1532 = 52 0.001 1
BMI before pregnancy (kg/m?) 20.30 (18.80, 22.68) 20.55 (19.65, 24.33) 0.466 2
Weight gain at the time of OGTT (kg) 6.1 (3.9, 8.0) 5.7 (38,7.1) 0.469 2
Family history of diabetes, number (%) 32 (36.4%) 8 (57.1%) 0.153 %
OGTT
Fasting plasma glucose (mg/dL) 80 £ 6 83 £ 8 0.077 b
1 hour glucose (mg/dL) 134 = 25 159 = 30 0.001 V
2 hour glucose (mg/dL) 122 (105, 132) 159 (139, 174) <0.001 2
HbAlc (%) 50 = 03 50 £ 0.2 0.628 V
GA (%) 128 = 1.0 128 + 0.8 0955 1
CPR (ng/mL) 1.23 (0.99, 1.63) 1.37 (091, 1.78) 0637 2
HOMA-IR 0.98 (0.74, 1.66) 1.43 (0.67, 1.78) 06132
HOMA-B 122 (87, 122) 129 (74, 157) 0579 2
Blood pressure
Systolic blood pressure (mmHg) 109 (100, 114) 107 (100, 118) 0981 2
Diastolic blood pressure (mmHg) 60 = 11 64 * 12 0.154 Y
Lipid profiles
Total cholesterol (mg/dL) 256 * 44 255 * 39 0947 Y
Triglycerides (mg/dL) 179 (136, 244) 200 (156, 237) 0.389 2
HDL-cholesterol (mg/dL) 86 + 14 92 £ 18 012371
LDL-cholesterol (mg/dL) 157 (127, 183) 155 (122, 165) 0490 2
Free fatty acid (mEq/L) 4244 * 1658 4889 + 1564 0176 Y
Dihomo-y-linolenic acid (Lg/mL) 60.5 (49.3, 76.8) 65.6 (53.3, 80.5) 0.556 2
AA (ug/mL) 2306 + 50.0 2482 + 56.8 0.224
EPA (ng/mL) 30.8 (21.2, 48.0) 30.8 (24.1, 41.5) 0876
DHA (ng/mL) 166.0 + 385 1575 = 302 04341
EPA/AA ratio 0.14 (0.10, 0.21) 0.15 (0.09, 0.18) 0.880 2
Fish consumption (times/week) 2(,3) 2(1,2) 0.799 2

1) Student’s t-test, 2) Mann-Whitney U test, 3) chi-square test.
NGT, normal glucose tolerance; GDM, gestational diabetes mellitus; OGTT, oral glucose tolerance test;
BMI, body mass index; GA, glycated albumin; CPR, C-peptide immunoreactivity; HOMA-IR, Homeostasis
model assessment insulin resistance; HOMA-B, Homeostasis model assessment B cell function; AA, ara-

chidonic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.

YL E oA AT 12 SPSS version 21 % Vv, p
fifl 0.05 A 2 #eal A A= E L7z,
B R
1. NGT # & GDM B#DLEH
X B 102 N O 53 W Re AR e 1k 35 £ 5 7%, AUk Al
body mass index (BMI) 214 =37 kg/m? OGTT Jii
1T%7 26.6(21.1~283) A TH - 72. OGTT DiEAE,
NGT 88 A, GDM 14 N2 s /e, ik ol o
MR & W S N7=F TV e d o 7z BATET I
BEAE (X GDM #:C NGT # & B L TRV AN &
D, FafrH 1R, 2 IR MR I: GDM #:C NGT
LI L CTHEICEMTH -7z (Table 1). i,
FEARET BMI, #L4RRET 2> 5 OGTT JitifThe £ TORE

o, WERIEOREEE, HbAle, GA, CPR, IikH
BB 72 ) OB M AR CH B A E RO
otz 72, GDM BB REIE NGT B L bk L
HEIMETH - 7z

2. OGTT MEfTRFDM¥E(E & & HFDESE

ZEHE S LA & CPR, HOMA-IR (Z1IEOAHREE, 22
JE S B & DHA (2B DM % 320 72 (Table 2,
Figure 1). —J7, 22 MU & EPA, fIBIURI%L
EOMICIZAELHEL D D572 (Table2).
Ze G RF IR % fE R 2 %L, CPR & DHA %M &%
LCHNIFSH #4728 25, CPR & DHA
T LT R R OB A & A e B & R 72
(Table 3).
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Table 2 Relationship of fasting plasma glucose, 1 hour glucose or 2 hour glucose levels for OGTT with clinical and

laboratory parameters using single regression analysis (Pearson correlation).

Fasting plasma glucose

1 hour glucose 2 hour glucose

Correlation

Correlation Correlation

coefficient P value coefficient P value coefficient P value
Age (years) * 0.080 0424 0.115 0.252 -0.033 0.744
Gestational age at the time of OGTT (weeks) * 0.104 0.296 0.121 0.227 0.070 0484
Height (cm) * 0.132 0.185 -0.120 0.231 -0.255 0.010
BMI before pregnancy (kg/m?) * 0.115 0.250 0.088 0.381 -0.049 0.626
Weight gain at the time of OGTT (kg) * 0.130 0.194 -0.048 0.631 0.104 0.299
OGTT
Fasting plasma glucose (mg/dL) - - 0.081 0417 0.135 0.175
1 hour glucose (mg/dL) 0.081 0417 - - 0.340 <0.001
2 hour glucose (mg/dL) 0.135 0.175 0.340 <0.001 - -
HbAlc (%) 0.173 0.082 0.074 0.461 0.056 0.570
GA (%) 0.092 0.358 -0.091 0.364 -0.090 0.368
CPR (ng/mL) * 0.409 <0.001 0.101 0.310 -0.013 0.895
HOMA-IR * 0534 <0.001 0.115 0.249 0.046 0.648
HOMA-B* -0.208 0.036 0.132 0.185 -0.077 0.444
Blood pressure
Systolic blood pressure (mmHg) * 0.172 0.083 0.190 0.056 0.083 0.409
Diastolic blood pressure (mmHg) 0.166 0.095 0.205 0.039 0172 0.083
Lipid profiles
Total cholesterol (mg/dL) * -0.032 0.748 0.037 0.710 0.068 0.495
Triglycerides (mg/dL) * 0.130 0.193 0.171 0.085 0.074 0.458
HDL-cholesterol (mg/dL) 0.016 0872 0.074 0.458 0.026 0.792
LDL-cholesterol (mg/dL) * 0.054 0.592 -0.001 0.995 0.031 0.759
Free fatty acid (mEq/L) -0.023 0.819 0.351 <0.001 0.205 0.038
Dihomo-y-linolenic acid (ug/mL) * 0.140 0.160 0.002 0.983 0.084 0.404
AA (ug/mL) 0.005 0.956 0.064 0.522 0.074 0457
EPA (ug/mL) * 0.131 0.190 -0.086 0.393 0.005 0.959
DHA (ug/mL) -0.264 0.007 0.076 0.449 0.013 0.895
EPA/AA* -0.119 0.234 -0.099 0.322 0.003 0977
Fish consumption (times/week) * -0.107 0.285 0.199 0.046 0.096 0.341

* Spearman correlation

OGTT, oral glucose tolerance test; BMI, body mass index; GA, glycated albumin; CPR, C-peptide immunoreactivity; HOMA-
IR, Homeostasis model assessment insulin resistance; HOMA-B, Homeostasis model assessment B cell function; AA, arachi-
donic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.

B A% 1 I R R0 X B A% 2 W R IR A, JEBR
Wi, GEEERRIARE, AR & E OB & RRO
72 (Table2). F7z, Ffurfh 2 W MFE 1L £ £
1 TRE P ILBE A, StEBERR AR & IEOMB 2 320, R L

HOMB % B 7z (Table 2). Afiffh 1 R, 2 R
MAEEDO WY, EPA, DHA & B#Z 58D o

EFHATCIE, BT IR IR 130 B AR
JilE & S BN 2 & oy U C R 2 520, 2 R
P13 5 & B# % 72072 (Table 3).

3. FEAFNSAHAERAER & Z DO R FDOREE

EPA & DHA d58\WIEMBI %2 52 (rs =0.750, p
<0001), EPA, DHA i3Zh2h, ffEIa s ik
DM %EBED 7 (& % rs=0293,p=0003,rs =

0.269, p =0.007). DHA # X ' EPA &, HOMA-IR
2 HOMA-B L OBICB#IZRD o Tz, iz,
DHA B X O'EPA & #F 4 wif BMI, 4F 4 57 » &
OGTT ffTls £ TOMEIGIN & DM H B E LR
DOHNLEHo Tz
zZ =

AEFZEIE, HARNLIEZ 3B 2 Bt & IR &
DB % BET U7 BERTATZE Cdb . WA IR il
& GDM itm o [ <, IR, EPA, DHA =&
CERE, AN BICABEAEZBD Lo 72h,
SRR BT HHETTIE, Z2ER R & DHA &
DORMICEE RO Z RO 7. ZZIER Ll &
EPA & 3B e 2 o 72, F72 OGTT Efifik 1 Ky
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a Correlation between fasting plasma glucose and C-peptide immunoreactivity, using the
single regression analysis (y = 0.0409x - 1.7796, R = 0.053, p = 0.020).

b Correlation between fasting plasma glucose and docosahexaenoic acid, using the single
regression analysis (y = -1.6453x + 296.94, R? = 0.07, p = 0.007).

Table 3 Relationship of plasma glucose levels during OGTT with clinical and laboratory parameters us-
ing the multiple regression analysis (forced entry method).

Dependent Independent R? B § 95% CI p
Fasti . | CPR 0115 1415 0.251 0.365 to 2.466 0.009
astinie Prasm glueose  pya ' 0045 0282 0075t0-0015 0003
Diastolic blood pressure 0.245 0.099 -0.222 to 0.712 0.300
1 hour glucose Free fatty acid 0.175 0.054 0.334 0.024 to 0.084 0.001
Fish consumption 4437 0.201 0.344 to 8530 0.034
9 hour glucose Height 0094 -0.936 -0.232 -1.718 to -0.154 0.019
& Free fatty acid ’ 0.020 0.157 -0.005 to 0.046 0.112

OGTT, oral glucose tolerance test; CPR, C-peptide immunoreactivity; DHA, docosahexaenoic acid; CI, confidence
interval.
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MpEfE & BEZ D TE Y, ZORFPIEIAHTSH 2
A5, IR A VN DHA EEHERE 0 7200, Rt
g L3 7% o 72 RIBRAH 2AE LT 2 W RENE S B
5. HEIRAEE A DHA SREE IR L 7225, SR
HOEGIIET Lz oWmELH DY, Hikbh ol
HERARHIC DV CTIER AW L min % L, 45K b S
5% bBEILETH .

F72, WHERIE, TAVF—FETHLINVa—R
IRBICHET 2720, B2 S VA VT
RIVEVRYA MAA UG WENA VA VBT
PEIREEE 0 5. 204 v R VIRFIED 720, IR
A IR I e R I s, 2 LR
AND TN T — AWk D 728 AET LR A & 2
5% DHA 1ZZ DEIRAD 7V 2 — Rk OB 12
G- LT RIE S 5.

AWFFETIE, B 1 IR b s & i sEIR DR &
DN IEDOM B %GR 7z, W ENRIGEE (2R 5 P
ORI E NS 2 LI X D sl & h
%, s L7z seRiig i, 2V 5 VR (C16 : 0)
75 EPA (C20 : 5) ¥ TOMA REEEHOMRIFEAE
INDBD, FLA VR D — VBOLERAK X,
Dan & v, w2 b g IR AR S AE RE 2L 2 0| Sk
ST EMmLNTBY, WHEERYIBOA A~
EHUANOB G2 ME ST, Zope L
T, B L 22 BRI AS A ~ A ¥ RV EEIHIL,
I BT glucose transporter 4 ORIFAFE~ D
TRMET 2 LICE) 7V a—20R ) Ax %K
TEE, HECIINREOR I EET#EsEsZ L
RENEZSHNTWDY, L8 G R 3
R =2 LR, 42 VEPUEOER
DEDEEZLNTWAD, GDM HIFIZHB VT
EWERL ) LEETHLEOHELH S,

TV T ANHEIZBWTIE, n-3 R AA S G R

DU X B HEIRIFFEAE ) A 7 O T RIHE D e S
NTW57, LA LHARNCB ZHE T, B
FHPEC BT 2 TBEIRIFOFAE ) A 7 LT &
7o, HETIEZ DL D RRRPBD LN Lh o
727 %72, n3 REAMA LR A GDM VY A &
BT X2 SELIEF Yy 2ARESOR TV
AR

— 75 C, AR O n-3 RIEMERP G- A3 5L, K AR
REROY A7 2|5 L, @REREZD LS
722 LI TWEY, RIFgECIEEM % 1 K
WIMAEf X DHA, EPA L BEIIRD SN ARd o7z
boo, HENGELEOMHEEZRDL. Bidd X9
2, HFRAIZIRIRIC 7V O — A BT B 7o R B
A > 2 VHPIHEIREE & 2 0, AR IR ARl
b, RRONG DL L IERTAERE O Il T
H Y ERIMAE EA-b A HEPAN & 2 5555,

RIS RN < WREMED RIZR S NS,

B, EEERIIEZ D B Y R &I AEBOZER
MEESN, ZNLHD9H B, free fatty acid receptor
(FFAR) 13 X U°FFAR4 % 4 L 7230 B WG 58 o A
RHRE~OBGA7EH SN CTwb. FFARL I35 B
MNLICEECHEBLCB Y, RSURTIEEEZ AL O
MPALI TV T — 2R A ViR BN S
F5ZEAIRENY. —JF, KRRk T o5
WD 5N 5 FFARY # R L 72~ XTI,
SR ET OB, TPRERESRE, RIIFEZDI &SRS
FZ &, & MIBFS FFAR4 #IE T2 AU
BS 2 2 &M E R Tnwa?, 20X ) G
5, FFAR 3R ICE G35 2 L 2R
ENTVDEY, ZOEMIEZHENTH Y, RITBEO
FHIZ L 2ENBFETLEEZONS.

AWFZEIZ BT BERAE LCld, U0 R E B 25
a2l BEDHENY 7D ORIEKO AR DHERT
HYAOFHERLEEZFM L CARnwa E, ik
LTEPA, AA, DHA, Y FEyY /L YBOAD
HWETHY, METOARDOFMTH S EBHITS
na5.

® =

HAR NIRRT BT, 0 o> 22 i Iy IR il 1%
DHA 25\ I EMECTH - 72, EPA (I fiti & B
WEEDRP-722 8 X0, n-3 RIENEEOMEEIC
Ko THEMCH & OB AR 72 2 W REMEARIE S
7=.
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