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Abstract: [Objective] To investigate whether the quantitative magnetic resonance imaging (MRI) measurement of
pancreatic fat content may indicate impaired glucose tolerance (IGT) or type 2 diabetes mellitus (T2DM).[Methods] A to-
tal of 108 subjects (43 men, 65 women; aged 47.9+12.1 years) were enrolled in this study, including 27 with T2DM, 29
with IGT and 53 with normal glucose tolerant (NGT). NGT individuals were subdivided into younger group (<40 years
old) and elder group (=40 years old). All the participants underwent standard laboratory tests for insulin resistance and B—
cell dysfunction. MRI scanning with the iterative decomposition of water and fat with echo asymmetry and least square esti-
mation image quantification (IDEAL-IQ) technique was used to determine fat distribution in the pancreas. The correlation
between pancreatic fat volume fractions (PFVF) and laboratory parameters was analyzed. The feasibility of using PFVF to
predict IGT and T2DM was evaluated.[ Results] PFVF was significantly higher in T2DM patients than that in both IGT and
NGT patients, with lowest PEVF in NGT patients. Logistic regression indicated that PFVF was an independent risk factor
of glucose abnormality (IGT and T2DM ). ROC curve analysis showed that the cut—off value for PFVF to predict glucose ab-
normality (IGT and T2DM) was 5.68% (P< 0.001; AUC: 0.871; sensitivity: 92.7%; specificity : 71.7%).[ Conclusion]
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MRI fat quantitative assay can quantitatively determine fat content in the pancreas, providing a non—invasive biomarker for

the prediction of glucose abnormality (IGT and T2DM).
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Fat fraction mapping of the pancreas of a 46—year—old man from
the IGT group. Circular ROIs (10 mm?) were manually drawn on the
pancreas head (ROI-1), body (ROI-2) and tail (ROI-3).
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Fig.1 Measurement of PFVF in fat fraction mapping of
IDEAL-IQ sequence
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PFVF values in the pancreas head, body, and tail. No significant
difference was found among them (N=108, H=1.922, P = 0.383). The
hollow points represent values that are 1.5 times more interquartile
range than the upper quartile, while the star represent values that are 3
times more interquartile range than the upper quartile.
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Fig.2 Box plots of PFVF in pancreas
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T2DM 41 IGT 41 I NGT 41 2 8] Fb 45 : FBG (H=
51.582,P <0.001; T2DM 41 5 1GT 41 Hb%, P <0.001;
T2DM 41 5 NGT 4 Ik % , P <0.001) , HbAlc (H=
53.954,P <0.001;T2DM 21 5 IGT 41 kb %, P <0.001 ;
T2DM 21 5 NGT 4 e %5, P <0.001) , TG(H=33.4,P <
0.001;T2DM 4 5 IGT 4 L #, P <0.001; T2DM 21 5
NGT 4 b, P =0.001) , LDL(F=11.651,P = 0.02;
T2DM 21 5 IGT 4 kb %%, P =0.343; T2DM 44 5 NGT
ZH k%, P =0.001) , AST (H=8.658, P = 0.03; T2DM
05 1GT 4 %t , P =0.756; T2DM 41 5 NGT 41 It
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%, P <0.001) , HOMA- B (H=26.158, P <0.001;
T2DM 41 5 IGT 4 kb %¢ , P <0.001; T2DM 41 5 NGT
ZH %8, P <0.001) FIHOMA-IR (H=8.663,P = 0.03;
T2DM 2 5 IGT 41 He %, P =0.046; T2DM 4 5 NGT
HELHE, P =0.021) , DL L35 45 T2DM 20 2 HoAth 9 21
. HDL(H=8.647,P = 0.03; T2DM 41 5 IGT 4 It
5, P =0.086;T2DM 21 5 NGT 41 L% , P =0.021) FlI
QUICKI(H=41.497, P <0.001; T2DM #41 5 IGT 41 [t
B ,P <0.001;T2DM 415 NGT 4H Fe#%, P <0.001) , DA
A8 kR T2DM 38 HoA 414K . 3 4119 BMI.BFC.,
CHOL., ALT. FPI fl 1Al 22 5 3 JC 4 11 2% 3 X
(P>0.05).
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PFVF 5 FBG.HbAlc.BMI, TG, CHOL, ALT.
FPL A1 HOMA-IR &2 1EAH5¢, 5 HDL ., QUICKI A1 1AL
BHRAHR(ERLD) .
2.4 T2DM,IGTFINGT A ERIE S EMLLEL

T2DM 32 120 #5195 AR A 7 5 1t e e L IGT 32 3K
B IRZ  NCT 21 # Ny 3 TP I (&13) .

A 20-year—old healthy NGT man with a mean PFVF of 2.7%. B
A 37-year—old man diagnosed as IGT, with a mean PFVF of 7.9%. C: A

59-year—old man who was first diagnosed as T2DM, with a mean PFVF of

16.1% .Fat content (correlated with signal intensity) is highest in the
T2DM subject, less in the IGT subject, and least in the NGT subject.
E3 NGT.IGT#1T2DM B 42X ERIRIRIEH 2 2 E
Fig.3 Represent fat fraction mappings of the pancreas of
men in the NGT, IGT, and T2DM groups

FEARMEF P, NGT 41 9 73 i NGT 4 41 Fl
NGT4E K41, NGT />4 . T2DM 4H % IGT 41
PFVF f) 41 [6] b 42 W FH Kruskal Wallis H ¥ 5, H=
57.87,P <0.001. P LL# R H Bonferroni 7 ,NGT
HERKHB PFVF 4y 5.58(4.61~7.58) I i &= T NGT 4E
%41 3.62(3.50~4.35) , P < 0.001, IGT 4 /) PFVF
4 7.15 (5.82~8.81) b # = T NGT 4FE K 4 (P =
0.002) ., T2DM 4 A PFVF 4 8.81(6.61~12.77) B i
T IGT 41 (P = 0.014) F1 NGT 4 &K 4 (P <
0.001;#4).

F1 FRARRERS & =701 AR50 =Mk 45 R a8k
Table 1 Correlation between PFVF and clinical/

laboratory results

Clinical/lab results VY
. P

FBG 0.379 0.005
HbAlc 0.426 <0.001
BMI 0.358 0.003
TG 0.535 <0.001
LDL 0.237 0.086
HDL -0.292 0.002
CHOL 0.419 0.003
AST 0.187 0.119
ALT 0.076 0.025
FPI 0.298 0.02
HOMA B 0.142 0.37
HOMA-IR 0.309 0.002
QUICKI -0.443 0.001
IAL -0.323 0.003

r.: correlation coefficient. PEFVF': fat volume fraction of pancre-
as; FBG: fasting blood glucose; HbAlc: glycosylated hemoglobin;
BMI: body mass index; TG: triglyceride; LDL: low—density lipo-
protein; HDL: high density lipoprotein; CHOL: total cholesterol;
AST: aspartate aminotransferase; ALT: alanine aminotransferase;
FPI: fasting plasma insuliny HOMA B: homeostasis model assess-
ment B; IHOMA-IR: homeostasis model assessment of insulin re-
sistance; QUICKI: quantitative insulin sensitivity index; IAl: insu-
lin action index. PFVF correlated positively with BMI, HbAlc,
FBG, CHOL, TG, ALT, FPI, and HOMA-IR. PFVF correlated
negatively with HDL, TAI, and QUICKI.
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ST
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55 R A8 i W 25 R OG AR Y, PR 5, BMI, BFC, AST,
ALT,HOMA-B S TAT 5 [R5 1 Jg i 5 AH G (3R 2) .

Z G Logistic B 304127341 T P <0.1 Y725 5t
fU4E4EWS ,FBG, HbA ¢, TG, LDL, HDL, CHOL, ALT,
FPI,HOMA-IR F1QUICKI, A & PR i A . gt
A A 43 5 2 B PFVE P = 0.008, OR = 1.615,
OR 95% EA5IX 7] 24 (1.134,2.301) 5 IGT F1 T2DM
DU it 25 AH G o A ARRAE PR HE 2k (relative operating
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Table 2 Univariate Logistic regression analysis

Variables b Sb Wald x° P OR OR 95% CI
PFVF 0.823 0.162 25.809 <0.001 2.278 (1.658, 3.129)
FBG 1.674 0.484 11.975 0.001 5.334 (2.067,13.767)
HbAlc 2.891 0.717 16.231 <0.001 18.004 (4.412,73.465)
TG 1.647 0.365 20.319 <0.001 5.193 (2.537,10.628)
LDL 0.811 0.221 13.443 <0.001 2.250 (1.459,3.471)
CHOL 0.665 0.214 9.636 0.002 1.944 (1.278,2.958)
FPI 0.245 0.076 10.391 0.001 1.278 (1.101,1.484)
HOMA-IR 0.568 0.245 5.212 0.0231 1.712 (1.093,2.711)
QUICKI -9.021 1.990 20.554 < 0.001 < 0.001 (<0.001,0.006)

OR: odd ratio; PFVF: fat volume fraction of pancreas; FBG: fasting blood glucose; HbAlc: glycosylated hemoglobin; BMI: body mass index;

BFC: body fat content; TG: triglyceride; LDL: low—density lipoprotein; HDL: high density lipoprotein; CHOL: total cholesterol; AST: aspartate ami-

notransferase; ALT: alanine aminotransferase; FPI: fasting plasma insulin; HOMA B: homeostasis model assessment 3; HOMA-IR : homeostasis mod-

el assessment of insulin resistance; QUICKI: quantitative insulin sensitivity index; TAI: insulin action index. IGT and T2DM were significantly associ-

ated with PFVF, HbAlc, FBG, CHOL, TG, LDL, FPI, HOMA-IR, and QUICKI, but there was no significant association with age, gender, BMI,

body fat content, ALT, AST, HOMA B, or IAL
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T2DM IGT NGT-old NGT-young

PFVF/%

PEVF in NGT-old group were higher than that of the NGT-young
group (P< 0.001), significant difference were found between the NGT
group and IGT groups (P= 0.002). PFVF in the T2DM group were high-
er than that of the IGT (P= 0.014) and NGT groups (P< 0.001). The hol-
low points represent values that are 1.5 times more interquartile range
than the upper quartile.

4 T2DM.IGT.NGT-£KAFMNGT-FHEANATE
Fig.4 Box plots of T2DM, IGT, NGT-old and NGT-

young groups

characteristic curve, ROC curve) 7381 PEVFEF Fijll IGT
T T2DM B9 2 RE . 2L B M 5.68% (P < 0.001.
AUC: 0.871, 8§84 92.7% 57 71.7%;F5)
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The critical value was 5.68% (P <0.001, AUC: 0.871, sensitivity:
92.7%, specificity: 71.7%).
E5 ROC #iZ 547 PFVF Bl fi#E 2%
(IGT % T2DM ) Ky % &
Fig.5 ROC curve analysis PFVF predicts the effective-
ness of IGT and T2DM
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