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‘What will be the Proper Criteria for Impaired Fasting Glucose for Korean Men?
- Based on Medical Screening Data from a General Hospital -

Seungho Ryu®, Yoo-Sco Chang®, Deng-11 Kim®, Byung-Seong Suh”, Woon Seol Kim™®

Department of Occupational Medicine', Health Screening Center®, Kangbuk Samsung Hespital & Sungkyunkwan University

Objectives: Recently, the American Diabetes
Association (ADA) redefined the criteria of prediabetes,
which has lowered the diagnostic level of fasting plasma
glucose (FPG) from 110 to 125 mg/dl, down to levels
between 100 to 125mga/dl. The purpose of this study was
to determine the predictive cutoff level of FFG as a risk
for the development of diabetes mellitus in Korean men.

Methods: A retrospective cohort study was conducted on
11,423 (84.5%) out of 17,696 males <30 years of age, and
who met the FPG of =125 mg/dl and hemoglobin Alc of <
B.4% criteria, without a history of diabetes, and who were
enrolled at the screening center of a certain university
hospital between January and December 1333, The
subjects were followed from January 1939 to December
2002 (mean follow-up duration; 2.3(£ 0.7} years). They
were classified as normal (FPG <100mg/d2), high glucose
(FPG =100mg/dé and <110mg/ds) and impaired fasting
glucose (FPG =110mg/dd and =125ng/de} on the basis of
their fasting plasma glucose level measured in 1239, We
compared the incidence of diabetes between the 3 groups
by performing Cox proportional hazards model and used
receiver operating characteristic analyses of the FPG level,
in order to estimate the optimal cut-off values as predictors
of incident diabetes.

Results: At the baseline, most of the study subjects were
in age in their 305 to 405 (mean age, 41.8(+7.1) year). The

incidence of diabetes mellitus in this study was 1.19 per
1,000 person-years (95% Cl=0.88-1.79), which was much
lower than the results of a community-based study that was
5.01 per 1,000 person-years. The relative risks of incident
diabetes in the high glucose and impaired fasting glucose
groups, compared with the normal glucose group, were
10.3 (95% Cl=2.58-41.2} and 95.2 (95% Cl= 29.3-309.1),
respectively. After adjustment for age, body mass index,
and log triglyceride, a FPG greater than 100mg/dl remained
significant predictors of incident diabetes.

Using the receiver operating characteristic (ROC) curve,
the optimal cutoff level of FPG as a predictor of incident
diabetes was 37.5 mg/dl, with a sengitivity and a specificity
of 81.0% and 86.0%, respectively.

Conclusion: These results suggest that lowering the
criteria of impaired fasting glucose is needed in Korean
male adults. Future studies on community-based
populations, including women, will be required to determine
the optimal cutoff level of FFG as a predictor of incident
diabetes.
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Table 1. Clinical and laboratory findings in subjeds according o baseline fasting glucose level

mean t D

Nexrnal h normal rrq:a]radf

Vaiahles Totd duoss mgghx:c@e gluco: pviue
(<1¥ozdl)  (100~100me/dd) [110~125mga‘d€)

Nuenber 11423 10,344 856 223
Age [yeas) 418+ 71 415% £8 44+ 83 458 90 <0001
Unic ackd (ma/dé) 58 13 5%t 13 59+ 13 s0t 14 0003
T-cholestarol (ma/d#) 1933 £ 3440 1420 + 335 MO 33 207 401 <0001
Trighycerice (nz/df) 107E874 123853 40T W3 IFSTIWI 0001
HOAL (ma/dé) #o+112 4REE 112 4R L 116 Mot o124 0015
L (ma/df) 187+ 233 1181 =291 1232+ 209 120+ 3Bs DM
BMI (kafmn’) 7mit 28 236t 2% 244+ 290 252+ 28 0
W (om) MeEt 77 3L 76 got 17 48 75 <0401
SBF (mmHg) 1231127 1187+ 124 12411 142 120+ 152 <H000
DEP [mmHg) TR 40 704+ 89 20+ 45 42E 91 <000l

HIL = high density bpoprotan; LDL bow density Hpoprotein; BMI body mass index(ka/m"; WC waisteireurmfarence(om);
SBnglz;lsllcsbhodpmnﬂman), DBP diastolic blood prassure(mmmEg);
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Figure 1. The fliow chart of study.
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Table 3. Incidence densty of diabeles mellitus according to baseline fasting gucose

Mo, of Incidence

Pasmn Person-yeas caves e Relative Ridk
Nomal gucose! 190,344 28658 4 0191 004 014 1
High neernal ghicoss’ 856 20255 4 197 045- 1.46) 103(258- 410
Trmpaired fasting glucose* 223 493.5 9 G520 293-3091) 952(203-39.1)
Total 11,423 2338840 28 0730 042- 1.18)
Ageadistras LII( L2 120

2, TP T2 T wyeIHE
Table 2. Compariscn between folow-up and
withdrawn cases
Follow Withedrawn
Nl (Nenzrm) e
Age (veas) 4131 66 491 04 <0001
Fagingglucose 702 101 887+ 111 <0001
(me/dE)
Uncacid(medf) 60 12 #0% 1s 0590
Tcholesaal  1932% 341 1964 346 <0001
(me/di)
Trighyeerids 1355+ 802 1410 £ 951 <0001
(mg/di)
HDL (ng/ddy £7E 103 4851 111 <0001
LOL(mg/df) 11931293 1210 % 306 <000
BMI (ka/or’) 238+ 27 235+ 2% <0011
WC(cm) BT 71 24t 73 <0001
SBPmrHg) 1206+ 152 1241210 <0401
DEP (mmkg) R01E 89 RL1: 95 <0001

HDL = high derity ipoprotaing LD = Low density
lipogmrotein; BMI =body mass indsx (kg m’); WC=waist
craumtasnos(cn); SBP = systolic Blood pressure(tm Hz);
DBFP = diastofic blood pressuraimmbg);

*by Shident ttest
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Figure 2. ROC curve for fasting glucose in the predclion of diabetes melitus in men: FG=fasting

glucose(ma/d.

AFEYE AP e R 8 d
o) B APt S ek 72
ZFZH 108 mgfdd, 94 mgfdd © B H g A
FAkg dafor.

ATFAEAAY FEEF] e T
HLAES 54 0] 271
gt @y g F7et% =), 100 ny
dé o] 7ke] FEFcke) d] s 110-125 ng/dd
2] FEF T ol 2} 100-109 ne/dl ]
FTEEFIAE F2stA = T o]
T A Z7tetgith ol# # @3 ROC
Fdeld 2l AR Sl 712
0] 97.5 mydd 2 B 2 A3 FAkek 2
Fo| o, H I n[FF L F e F5E
el s] WS 110125 mg/dd o4 100-
125mg/dd2 W& A3 vl mepod £ of (2],
Sapdal AR T 110 ngfdd o)A
a1k Ao & H oML ArEz 9l
=3

TEEF NG s el A 2 2
=4 AEAIZ B3 glon [12), o] @A
oA g el E T A
(intervention)=& 7} & o FxHI I
FHEE LS AT 4 e A
A 7 #go] 91t} Finnish Diabetes
Preven-tion Study*] A= 52278 2] ks
i FE Aol A EdS 2E 8
Hog A2y Fduu TAES 8%Y
a4 g Slgol #AHSI T [13]. £

__[L

o
=
7

u] = 277 A7) Fellq 33247 8] U
ZeN@AE Ao & FHAe
Diabetes Prevention Programe] 4 2=44]
A THZ I Ladrt 4
A= HUEGIT (4] webd 3 5E2
Ael7} HE A Aol e iy
o glo] gl 48 AFES
Hole Ao dsi e A& FHEo
SIA] GOt [15,16]. 2o A% 35
o] W] Sl Ao AE A=
HQ AgEFH AL 52 T8 FuH
1 E8dA A& s g o] 3
st A ZrE T

2 AP F =8 TAES 1,000
Al - W3 073 (95% C1=0.42-1.16) 0131 1,
AHRA F P SAES 10009
Wk 111 (95% CI=1.02-1.20) o] %ich 27
2 A0 AR AAE e
2 g AR B AdE FEES
tre® ety i), £ A7 2
=4 g das Ou ARde] 2
2 A-gehe A2 Fe7k ik S o
WP A B S EE 1093
el A 19961373 A& g 404 o]
13,0838-& thAko 2 g AA GPe)A
FEH 75e $EEE 140 ng/dio] L
2 Agstede w T 10000 - AR50l
B3 oat3 Qv (17). ARA 74 |2 E
A & AT AR 404 o] A dAbe A

ko yd

dd w7
1,000 €] -
2 4]

=H RS A de
o 1.62 (95% Cl=1.02-1.2002
AbE] FRIEGE FA W2
ARGt} £ A7) B g
HAEE H QA2 vl 7 e vl
dE2E7 vh=7] fgo)r] Brpe gt
A7) vl £ A7 JdE o
FLE AR, FAHA| g AEEe]
vE AdEE Fn 48 e & A
Fol FAHSI| fELs £ Gk
gk dubl PR e vhe el 4
gol A2 17 A e A G
R et i M
ob & Aolth

AT AFAL 2 e, He At A
A FEEWo R gede Adey
7] e A7 ERe FAM gl
2 g 7 e e FEE wiAst
A ER e 7hsAol Y2 v R F
T FEEGTO 2 A" G H A}
ol FEEZ0] 126 mg/dd m|RFo|H
AAF MR AGE T e &
A7t Y o7 AdEA] 2L 75
o] St Eg 4 77ke T2 FEEA
& T oAAE R ssir 2
o TR LA A R =2
2718 5 FALE, AW A

7|7ve] ALY AR T F

A Aog & gn ASETNES
A #7hd 7hsdo] sk viARlg ez £
A AT ARG AREIAE
o2 at5i7] dE e s EE o] itz
B7] g3, g TS gk v]A
&% AlsR1EE, 78 T W
TE D] FE A0 3l

Jv ol g A es Eeta &
S7E] e g1 Sy gL
T At E AR e
WS AEET SV ehe e dE E
BT H 227 vt de g s
EFg EAo] Jle ArE FIHAF
8 AR A £ FRE
28 A E e Al ZE ST
oA F4E AT ]S 5HHY o]
So] Sl Aol g A7 & FastEet
Az,

rE o

fle JE

T,



7 d7e Fepdet A 35
el 8 71% BHeEA & 100 ng/dd 2 v
& 47t A E gostuAl 334
FIE AFE TS

1999 1458 12877 147 2 ofgh
e FEA7AEE w2 304 o]
S dAH183n e HAY TN S AES

Fobod Bk 58] QY B
& FAHo| Sl AE G7AF AFH
2 E 8474 6.5% o) ol AV B EES
©] 126 mg/dd o] A<l 6767 & A Y
17,6969 & oo 2 20024 12847 &
A 7te g ARetsint 3d7h 13 o)
FA0] 71~‘=ﬁt4 AFEE 11 4237(64.5%)
L2 olgg HF 7YYL R SHGiTh
i F4 ]711’% 23¢t07ydol gl 3 5
23] e T HEEL Cox
proportional hazard model & ©]-4-5}51 12, 3
=4 s f5s] 98 35877
A (cut-off pointy ROC(receiver operator
chamateristic) 241 2 o] §- 341},

A7 A B 4L8( 1.0
A1, AERE F P THES 1,000
A @13 FEED e 3
= g FEEEo| F7HEe] et
W g 7S 2, Cox
portional hazard model & ©]-4-5}¢d 1ol
A2, 22 2497 52 3
TEE RAH FIE FEEE 100-109
mg/dl 2 110125 ng/dd TN FEEF
100 mg/dd =Tk Fof H]F 2= iAol
FY5H = FaH T E 455
7] A F 58 7]£3 (cut-off pointy=
97.5 pg'dd B, o] 2] WBELE 81.0%,
Eo]|E= 86.0%5 T

Lyt AUAGA A = e T
g HHEE ¥57 A e vst 2
o] FEEZS AMHAE 100 my/ddm| T
cEEgavteit der A E X

[=3
-
a1

2

1.Expert committee on the diagnosis and
classification of diabetes mellims: Report of the
expert committee on the diagnosis and
classification of diabetes mellims. Digbetes
Care 1597, 20: 1183-11%7

2. World Health Organization: Definition,
dizgnosis and classification of dishetes mellitms
and its complications; report of a WHO
consultation. Part 1: Diagnosis and classification
of dizhetes mellitus, Geneva: WHO, 1999

3.Expert committee on the diagnosis and
classification of diahetes mellims: Follow-up
report on the diagnosis of diabetes mellims.
Digbetes Care 2003; 2601 1): 3160-3167

4. Gahir MM, Hanson RT, Dabelea D, Imperatore
{3, Roumzin J, Bermett PH, Knowler WC. The
1997 Arerican Dizbetes Association and 1999
World Health Organization criteria for
hyperelyceniain the diagnosis and prediction of
diabetes. Diabetes Care. 2000, 23(8). 1108-
1112

5. Warram JH, Martin BC, Krolewski AS,
Soeldner IS, Kahn CR. Slow glucose removal
rate and hyperin-sulinemia precede the
development of type 1l diabetes in the offspring
of diahetic parents. Awn Fntern Med 1994,
113(12): S02-815

6. Saad MF, Knowler WC, Pettitt DJ, Nelson RG,
Charles MA, Benrett PH. A two-siep model for
development of non-insulin-dependent diabetes.
Arn ] Med. 1951; 90(2). 229-235

7. Martin BC, Warram JH, Krolewski AS,
Bergman RN, Sceldrer IS, Kaln CR. Role of
glucose and insulin rsistance in desvelopment of
type 2 diabetes mellins: results of a 25-year
follow-up study. Lancer, 1992; 340(8825) 9259

8. Kim HE, Park KS, Shin €S, Kim §Y, ChoBY,
Lee HK, Koh €8, Oh TG, Measwement of
insulin sensitivity in patients with non-insulin-
dependent dizbetes mellins. J Korean Diabetes
Assoe 10.995; 18(1%): 374-383 (Korean)

9. Kim YT, Chal €8, Kim SW, Kim HK, Kim
CH, Park TY, Hong SK, Lee KU. Changes in
serum true insulin and C-peptide levels during
oral glucose tolerance test in Koreans with

-4AEY FRuRAEE T 207

glucose intolerance. J Korean Diabetes Assoc.
1998; 22: 192-198 (Korean)

1. Shin €S, Lee HK, Koh €S, Kim YT, Shin Y,
Yoo KY, Pak HY, Park YS, Yeang BG. Risk
factors for the development of NIDDM in
Yonchon Courty, Korea, Diabetes Care 1997;
20012): 1342-1846

11.World Health Organization. Measuring
obesity: classification and description of
anthrometric data. Copenhagen: WHO, 1989

12.Expert committee on the diagnosis and
classification of dishetes mellims: Report of the
expert committee on the diagnosis and
classification of diabetes mellins. Digbetes
Care 1997, 20: 1183-11%7

13. Tuomilehto J, Tindstrom J, Brksson JG, Valle
TT, Hamalainen H, Ilanne-Parikka P,
Keinmen-Kinkaanniemd S, Laakso M,
Louheranta A, Rastas M, Salminen V,
Unsitupa M; Firnish dizhetes prevention study
group. prevention of type 2 dishetes mellitug by
changes in lifestyle among subjects with
Impaired glucose tolerance. N Enpl J Med.
2001; 384(18): 1343-1350

14, Knowler WC, Banett-Connor E, Fowler SE,
Harmmean RE, Lackin TM, Walker EA, Nathan
DM; Diabetes prevention program research
group. Reduction in the incidence of type 2
diabetes with lifestyle intervention or
metformin N Engl J Med 2002; 346(6): 393-
403

15. Barzilay JI, Spiekerman CF, Wahl PW, Kuller
LH, Cushiman M, Furherg €D, Dobs A, Polak
JE, Savage PJ. Carciovascular disease in older
adults with glucose disorders: comparison of
American diahetes association criteria for
dishetes mellits with WHO aiteria. Lancet
1999 21; 354(%179): 622-625

16. Tominaga M, Eguchi H, Manzka H, Iearashi
K, Kato T, Sekikawa A. Impaired glucose
tolerance is a risk factor for cardiovascular
disease, it not impaired fasting glucose. The
finagata dizhetes study, Diabetes Care. 1999,
226y 920924

17.Kim DH, Abn YO, Park SW, Choi MG, Kim
DS, Lee MS, Shin MH, Bae IM. Incidence and
risk factors for dighetes mellitus in Korean
middlke-aged men: Seoul cohort DM follow-up
study. Korean J Prev Med. 199%; 32(4). 526-
537 (Korean}



