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Among the commonly known tools to diagnose diabetes are fasting plasma glucose (FPG), HbA1c.,
and OGTT known as gold standard. However, there can be many disagreements on the ways to
diagnose diabetes. In this study, we examined the differences of the types of diabetes according to
the applicability of FPG and HbA1c. Moreover, we evaluated the concordance of diagnosis. We
excluded subjects with missing glucose and HbA1c data, as well as those previously diagnosed
with diabetes, and those who fasted less than 8 hours. The data of 4,502 subjects (1,956 men and
2,546 women) from the 2015 KNHNES were analyzed. We divided these patients into three
categories which are normal, prediabetes, and diabetes, based on the FPG and HbA1c. In men, the
number of subjects with FPG ranging from 100 to 125 mg/dL and HbA1c =6.5% was 23 out of 664,
and the number of subjects with FPG <126 mg/dL and HbA1c =6.5% was 39 out of 86 newly
diagnosed diabetes patients. The concordance rate was as follows: Normal 80.3%, prediabetes
44.9%, and diabetes 54.7%. The coefficient of Cohen’s Kappa was 0.322 in men and 0.362 in
women; this suggests that both gender showed a low concordance rate. However, when we divided
them into two categories (nondiabetes and diabetes), Kappa was 0.582 in men and 0.637 in

women, showing a relatively high concordance rate. While all subjects with FPG =126 mg/dL Corresponding author: Seyoung Kwon
showed a significantly high HOMA IR, all subjects with FPG <126 mg/dL showed a significantly Department of Biomedical Laboratory Science,
high QUICKI. Considering the low concordance rate for the diagnosis of diabetes and characteristic Daegu Health College, Yeongsong-ro, Buk-gu,
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of diagnostic tests, it is necessary to combine the related tests for diagnosing diabetes.
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QAL A o] 8T =57 - o] EoF ZAH A= 33
24 T 2T DAY R AAH g2 o]-&-oksint. G HAk=
TE Aol g fES dH o7 AIPEG o, ARl
55 AR gt g R etskar Qlok AA 871 @At
8-9] 749 NaF tube, YRFBFHPHARE-] 7-9- SST, F AT A
-8-9] 7%9-EDTA tube S AHE-SIL A Bk 3l Fef g ot

Al A=t 2l 9 3 @Hos

Insulin, $8AY, & YA HE, AU D (low density
lipoprotein, LDL) E#| A8, W =A W (high density
lipoprotein, HDL) =& AH|E, AST, ALT, Hb, Hct, BUN,
Creatinine, hsCRP7} &4 = it}

NG A28 £-41714= Hitachi 7600-210 (Hitachi
high-technologies Co., Tokyo, Japan) & AR&-sto] 34 do
] 79 Pureauto S GLU (Hexokinase UVHH) A|2f0 & 24 5]
AL, A4S o] 8oto] FAAL Pureauto S TG-N, 2
I AHEL Pureauto SCHO-N, LDL & A8 E-2 Cholestest
LDL, HDL=ZHAHE-2 Cholestest N HDL (Daiichi Pure
Chemicals Corporation, Tokyo, Japan)-& AR&-dte] 24 =]l
t}. AST= Pureauto S AST, ALT+= Pureauto S ALTS ARg-5}o]
<A YJANSI8}S (international federation of clinical chemistry,
[FCC) AIH(UV without PSP)o& 24 9)ct. BUN
UREA/BUN (Roche, Germany)= AR8-5}] Kinetic UV assay
=, Creatinine-> CREA (Jaffe rate-blanked and compensated)
AleFo 2 =it Insuline Cobas 8000 (Roche, Germany)
& 0|85} Blecys/insulin A|2FO 2 ECLIA §o.2 Z4=[9]
1!, hsCRP= Roche Cardiac C-Reactive Protein High
Sensitive (Roche, Germany)E ©]-8-5}o] Cobas £-417]9] 4]
immunoturbidimetryH 2.2 4%t} HbAlcE Tosoh
G8 (Tosoh, Tokyo, Japan)& AH8-8F] HLC-723G8 %1-8-A]oF
o7 y&MH|I=uEIHHEHPLC, high performance
liquid chromatography)s ] AF8-=]$1tt. Hb, Het=XN-9000
(Sysmex, Tokyo, Japan)2.& 24 =S},

AeAAEAIe] 232 o83 HOMA IR (Homeostasis
model assessment of insulin resistance index)<- [fasting
insulin (WIU/mL) x fasting plasma glucose (mmol/L)]/22.5
of ofel} Alatstelar10], Qled g X 3EE 0]-§3t QUICKI
(Quantitative insulin sensitivity check index)= 1 / (log
(fasting insulin pU/mL)+log (fasting glucose mg/dL)) ol 2]
Sf[11] AAFSE & w4 o] o]-g-5}irt.

ity T tjAfol A} 1150 = ADACIA AJAISH= 4
ofof mH5] FEEFEE <100 mg/dLe] 35 58T
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%QL R 86%](4 4%)()] O:V\q 2 546Eﬂ S5 o= felRe]
1,9033‘(74 7%), BEAIA ol 5807(22.8%), AEA A
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EHXH C}
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A K| CHAF OIAPR}

B AG712Y Al s 35839 45 <100
mg/dL, 100 mg/dL~125 mg/dL, =126 mg/dLo.&, J3}d
M4 0] Q- <5.7%, 5.7 ~6.4%, =6.5%2.F ZF2 Lo Tk
Aol Hig AuH gttt

Ao Ao ZEEAGAAT | 2069 F

1 H

S5 <100
mg/dLe]|A HbAle <5.7%° did3h= diAAR= 9697
(80.3%), TEIFHMNTE 6641 & F=EF 100 mg/dL~
125 mg/dLe|Al HbAlc 5.7~6.4%%1 thdAh= 298%
(44.9%), A A Gut 86 F TEET =120
mg/dL °o]HA] HbAlc 26.5%¢] ThARR= 47H(54.7%) 0.
Uepgth 35 89aolt 664 5 2392 3599 <126

[ laa]
mg/dL oA HbAlc =6.5%°l 3L, AlEA A B

T 86 % 3992 wEAY =126 mg/dL ©]HA HbAlc
<6.5%= UERTE

0]449] 4, FEIFYL 1,903 T 35EF <100
mg/dLo|H A HbAle <5.7%° digoh= thAtAk= 1,517

(79.7%), 3599 100 mg/dL~125 mg/dLo|HA]l HbAlc
5.7~6.4%% A= 3099(53.3%), 558 =126 mg/dL
o] A HbAlc =6. S%OL A= 4378(68.3%) % LFERSTE.
TEAFYNTE 580 & 2582 552 <126 mg/dL o|H
A HbAlc =6.5%0l #O}Mi, M Ak Gt 637 &
202 FEE >126 mg/dL ©|HA HbAlc <6.5% LIE}
W THTable 2). Al W54 7155 749 Bty Y AAAE 57
913t F319] kappa A4 %k" W9 75-0.322, 942 -

0.3625 LEfLE o}/ 9] Z-9- B 2 YA A& H 3K Table 3).

Table 1. Distribution of study subjects without previously diagnosed diabetes, according to fasting plasma glucose criteria

All Men Women pvalue
NFG 3,109 (69.1%) 1,206 (61.7%) 1,903 (74.7%) 0.001
IFG 1,244 (27.6%) 664 (33.9%) 580 (22.8%)
New DM 149 (3.3%) 86 (4.4%) 63 (2.5%)
All 4,502 (100.0%) 1,956 (100.0%) 2,546 (100.0%)

Abbreviation; NFG, normal fasting glucose; IFG, impaired fasting glucose; DM, diabetes mellitus.

www.kjcls.org



2472  Seyoung Kwon and Youngak Na. The Characteristics of Abnormal Findings Concerned with FPG and HbA1c

Table 2. Distribution of study subjects by fasting plasma glucose and HbA1c criteria according to the 3 categories (NFG/Pre DM/New DM)

HbA1c
Total you
<5.7% 5.7~6.4% =6.5%
Men FPG <100 mg/dL 969 (80.3) 236 (19.6) 1 (0.1) 1,206 (100.0) <0.001
100~125 mg/dL 343 (51.7) 298 (44.9) 23 (3.5) 664 (100.0)
>126 mg/dL 8 (9.3 31 (36.0) 47 (54.7) 86 (100.0)
Women  FPG <100 mg/dL 1,517 (79.7) 384 (20.2) 2 (0.1) 1,903 (100.0) <0.001
100~125 mg/dL 246 (42.4) 309 (53.3) 25 (4.3) 580 (100.0)
>126 mg/dL 5 (7.9 15 (23.8) 43 (68.3) 63 (100.0)
Data are presented as number (%).
*Fisher’'s exact test by Chi-square test
Abbreviation: See Table 1.
Table 3. The Cohen's kappa (k) in the symmetric measures of table 2A
Value Asymp. Std. Error* Aprrox.TT Approx. Sig.
Men Measure of agreement Kappa 0.322 0.021 16.148 <0.001
N of valid cases 1,956
Women Measure of agreement Kappa 0.362 0.020 20.181 <0.001
N of valid cases 2,546

*Not assuming the null hypothesis. TUsing the asymptotic standard error assuming the null hypothesis.

Table 4. Distribution of study subjects by fasting plasma glucose and HbA1c criteria according to the 2 categories (nonDM/DM)

HbA1c
Total Yo
<6.5% =6.5%
Men FPG <126 mg/dL 1,846 (98.7) 24 (1.3) 1,870 (100.0) <0.001
=126 mg/dL 39 (45.3) 47 (54.7) 86 (100.0)
Women FPG <126 mg/dL 2,456 (98.9) 27 (1.1) 2,483 (100.0) <0.001
>126 mg/dL 20 (31.7) 43 (68.3) 63 (100.0)
*See Table 2.
Table 5. The Cohen's kappa (k) in the symmetric measures of table 3A
Value Asymp. Std. Error* Aprrox.TT Approx. Sig.
Men Measure of agreement Kappa 0.582 0.048 25.873 <0.001
N of valid cases 1,956
Women Measure of agreement Kappa 0.637 0.049 32.197 <0.001
N of valid cases 2,546

»TSee Table 3.
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<6.5%) BNFoH= A= 1,84678(98.7%)01911, 558
9 =126 mg/dL ©]HA HbAlc =6.5%%1 tiAb= 47
(54.7%)= Uebgtt. 03442 79, 3858 <126 mg/dLel
2,483 % HbAlc <6.5%°l didst= A= 2,456
(98.9%)°121 3L, 3= =126 mg/dL o] A HbAlc =6.5%
QA A= 4378(68.3%) 5 UHEFSTH Table 4). W 712
7re) Gt Ty A X AEE W] 913k 7319 kappa A4 4
22 49 0.582, 9143 <] - 0.637= UERL 42 7
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#—30&%& AN A 2 G G e S RS}
= oA WY YA =L mof FEIGEES F
<126 mg/dL =126 mg/dLO.=, FIFE M40 - <6.5%
=6.5%20.% ZV7F o] - 47 9] 544 vl ekl

g o] AL FEEG <126 mg/dLo]™ HbAlc <6.5%9]
oA Ht 49.8M 2 71 Il BEETY <126 mg/dL o] H
A HbAlc 26.5%%] woll A Hat 623412 71 =20 &4
Hog o3t Aol& Bt 3E5EY <126 mg/dLolH
HbAlc <6.5%21 T4 A DA 24.3+3.3 kg/m’, 3]
=9 85.9+8.8 cm, £=71¥€¢ 121.1+£15.5 mmHg, ¢l&d
7.946.8 ulU/mL= YERL} TF2 Al otof] vl sl aHEo] 7H:
A Yelsdt), 2289 =126 mg/dL o] HA HbAlc =6.5%%1
ol A BlElEE] 90.5+10.9 cm, 197189 82.1+9.7 mmHg,
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% ZY2HE 205.6+33.2 mg/dL, SAA 294.9+301.4
mg/dL O = | 3}Eo] ThE Al tof] vl ol 71 = A UrEbtT.

ol&¥ el 2|30l 4 HOMA RS ZEE T =126 mg/dL
o|HA] HbAlc <6.5%%1 wHellAl 5.0£6.9, HbAlc =6.5%¢1
oA 4.042.6 02 YER} FE 8T <126 mg/dL3] el H]
& §-oJ8HA] =9keh. QUICKIE: F-E28d <126 mg/dL o]
HbAlc <6.5%%1 7141 0.36+0.04, HbAlc =6.5%%1 ]
A1 0.34+0.0302 Ueh 3584 =126 mg/dLSl <] H]
3| 5ol 8 E K Table 6).

5. 0lM0IM SEEE FEL FofEMA SFH S H|W
Ao AL FEET <126 mg/dLolufl HbAlc <6.5%¢1
oA Bt 50. 1412 7 WAL, 3858 <126 mg/dL o
A HbAlc =6.5%%] w-oll A H+t 65. Aﬂé 7P =5kom SA
Ao Qo3 xo]2 Kotk FEIY <126 mg/dLe]H
HbAlc <6.5%%1 w4 HF 57.6+8.9 kg, HE=FA 4

233434 keg/m’, =9 79.0493 cm, $=718Y

Table 6. Characteristics of types according to fasting plasma glucose and HbA1c level in men

FPG<126 mg/dL

FPG=126 mg/dL

Variables HbA1c<6.5% HbA1c>6.5% HbA1c<6.5% HbA1c>6.5% prvalue”
(N=1,846) (N=24) (N=39) (N=47)

Age (year) 49.8+16.5" 62.3+13.5" 583+10.4" 57.6+123" <0.001
Height (cm) 170.3+7.0" 168.2+8.3" 168.1+6.5" 168.4+5.7" 0.032
Weight (kg) 70.8+11.7 73.1+14.6 7224137 72.6+15.1 0.476
BMI (kg/m?) 243+33" 257+34" 25.4+397 2554427 0.004
WC (cm) 85.9+8.8" 90.3+9.9" 90.0+10.2" 90.5+10.9" <0.001
SBP (mmHg) 121.1+155" 1243+14.77F 131.7+16.77 127.7+16.2"7 <0.001
DBP (mmHg) 77.8+10.0"" 74.6+9.6" 81.7+11.17 82.1+9.77 0.001
Fasting glucose (mg/dL) 96.4+9.8" 115.7+7.9% 135.5+9.0° 175.5+51.5" <0.001
HbATC (%) 5.5+0.3" 6.9+0.4" 6.0+047 8.0+1.4" <0.001
Insulin (ulU/mL) 7.9+68" 9.6+6.0" 143+16.57 9.6+61" 0.018
T-cholesterol (mg/dL) 189.3+34.9" 202.5+411" 195.0+40.8" 205.6+33.2" 0.003
HDL cholesterol (mg/dL) 4761157 425+85" 47.0+11.8" 44.4+10.0" 0.040
LDL cholesterol (mg/dL) 114.4+31.2 125.0+36.4 112.7+ 35.1 117.6£29.2 0.344
Triglyceride (mg/dL) 156.8+126.11 202.6+227.6" 198.1+145.8" 294.9+301.4" 0.007
AST (1U/L) 251+12.0 2461+6.6 30.7+16.5 23.9+7.3 0.119
ALT (IU/L) 26.1+20.3 26.8+13.7 2714168 26.0+12.4 0.990
Hb (g/dL) 153+1.2 15.0+1.4 15.4+15 15.6+1.4 0.284
Het (%) 45.7+3.5 451+3.9 46.1+3.6 46.3+3.7 0.514
BUN (mg/dL) 152452 15.8+5.0 15.7+4.5 16.6+4.7 0.238
Creatinine (mg/dL) 1.0+0.4 1.0+0.2 0.9£0.1 1.0+0.2 0.759
hsCRP (mg/L) 13423 2.0+3.0 2.0+3.8 2639 0.077
HOMA IR 19+1.8" 2.8+18" 50+69" 4.0+26" <0.001
QUICKI 0.36+0.04" 0.34+0.03" 0.32+0.03" 0.32+0.03" <0.001

Data are presented as meanzstandard deviation.

*ANOVA and Welch's robust test were assessed. ' T%"Post-hoc analysis by Scheffe or Dunnett’ T3.
Abbreviation: BMI, body mass index; WC, Waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL,
high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; BUN, blood urea nitrogen; hsCRP, high sensitivity C reactive protein; HOMA IR, Homeostasis model assessment of

insulin resistance index; QUICKI, Quantitative insulin sensitivity check index.
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115.7+17.8 mmHg, & 7.4+4.9 ulU/mLE UEFLD,
LDL 2 2HE, S4A, AST, ALT, hsCRP= THE Al 9]
uJe] s G=o] 7Y R Uebth 3589 =126 mg/dL
o] HbAlc =6.5%%1 oA A5 66.0+12.6 kg, A=
A4 27.2+4.2 kg/m’, ALT 31.5+25.5 IU/L, hsCRP
2.3+2.4mg/L2 7P =30t ol e, +557] €9, LDL &
B AHE, SAY, ASTE] 49 5589 <126 mg/dLo|H
A HbAlc =6.5%%] ol A 714 t=3kct.

ol&d B 2 7oA HOMA IR 328 >126 mg/dL
o|A HbAlc <6.5%%1 #ollA] 6.6+3.6, HbAlc =6.5%¢%1
ol 5.1+5.00 8 et FEE T <126 mg/dLel <o B
8| 281 =3kt QUICKI = 3589 <126 mg/dLo| A
HbAlc <6.5%%1 7-llA] 0.36+0.04, HbAlc =6.5%¢1 o]
A1 0.33£0.030.% YEh 358 =126 mg/dLl wHell H]
S -2J5HA =8t thTable 7).

[*]

S A B T ek ol e 1%
9 B Aol S, B ATOIAE thEA P 2

AP QI 7R SHAAL B E A, et A, A 7FA] AR
ol At ARl Al A& A EHoHaARE A9
Sk AREA QL AH ALl A A 5= S5 G oA A
£ ol gdto] ity we 7)ol H8A1A T Lo I
N =g A Eokt), Gty ko] 3 HAks AdHs 4
Ao A4E et A AL = ol go] glo] FEIFHA] F
f84o] AxH1 glov, FEIGAATOE = Fh S
& FAE 4 qlo] o] T GHFMAHALY] FRAJE YR
31 QTHR,6,12]. Yl tid tit i 9 E Aol G
W &S IRt ROCEA] A3, 358 4EE dE o= Zst
78% AUC 0.818, G384 th=0 7 Aol 45 AUC

0.771, & AARE aste] Auksl 4-9- AUC 0.853.0.8 LFERLY

328 2]
SOFAAL13], v]=3] T Aol A et AR 2417F
ol gt FEEFAY o] BEUAE Halsh 35 d4E
I FoE A4 AR 29k 7FEEIAH14). o] o
A 2Pal|R 2,045 thAT 497 54 AL A o] = HARE &
ato] Aol AL o =0 i o 285 Hojo] Z2H g
CH15]). & A to| A= FEET >126 mg/dL T T4 Al A]

Table 7. Characteristics of types according to fasting plasma glucose and HbA1c level in women

FPG<126 mg/dL

FPG=126 mg/dL

Variables HbA1c<6.5% HbA1c>6.5% HbA1c<6.5% HbA1c>6.5% pvalue®
(N=2,456) (N=27) (N=20) (N=43)
Age (year) 50.1+15.8" 65.3+10.6" 54.0+17.0" 55.6+13.0" <0.001
Height (cm) 157.2+6.5" 153.0%52" 153.4+6.1" 155.4+6.8" <0.001
Weight (kg) 57.6+89" 63.5+13.4 " 62.3+13.3"" 66.0+12.6"F <0.001
BMI (kg/m?) 233%34" 269+4.17 263+4.2" 2724427 <0.001
WC (cm) 79.0£9.3" 90.0+10.77 86.8+10.6" 89.9+10.6" <0.001
SBP (mmHg) 115.7+17.8" 128.9+15.3" 119.6+150"F 126.9+202"1 <0.001
DBP (mmHg) 73.4+9.9" 7711007 7171147 78.4+87" 0.002
Fasting glucose (mg/dL) 93.4+9.1" 112.7+89" 136.4+12.6° 157.5+34.0' <0.001
HbATc (%) 55+03" 6.7+0.3°% 6.0+047 75+1.1" <0.001
Insulin (ulU/mL) 7.4%497 11.6+8.87 19.5+10.2" 13.0+13.47 <0.001
T-cholesterol (mg/dL) 193.4+34.7 207.6+37.8 193.8+42.8 203.3+40.2 0.052
HDL cholesterol (mg/dL) 54741317 44.4+1117 46.6+13.0"7 455+81" <0.001
LDL cholesterol (mg/dL) 15.4+31.1" 128.9+35.6" 117.2% 4377 128.2+37.5" 0.009
Triglyceride (mg/dL) 111.1+69.2F 191.9+109.6" 160.0+111.8" 169.1+75.07 <0.001
AST (1U/L) 21.0+88" 29.9+17.1° 23.0+9.5"1 283+17.6™F 0.005
ALT (IU/L) 17.5+13.6" 30.7+3337 240+135"" 31.5+2557 0.001
Hb (g/dL) 131111 13.6+09" 13.4+1.7" 13.7+1.2" 0.001
Het (%) 40.1+3.0" 415+23" 402+39" 415+321 0.001
BUN (mg/dL) 13.9+4.4 13.9+3.1 16.3+4.9 14.2+3.1 0.108
Creatinine (mg/dL) 0.7£0.3 0.7%0.1 0.7£0.1 0.7£0.1 0.468
hsCRP (mg/L) 1.1+2.2" 1.8+3.8" 1.6+1.77 23+247 0.011
HOMA IR 17+13" 3.2+25°7 6.6+3.6' 51+56" <0.001
QUICKI 0.36+0.04° 0.33+0.03" 0.30+0.02" 0.32+0.04"F <0.001
See Table 6.
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