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Abstract
Background: The oral glucose tolerance test (OGTT) for detection of diabetes is difficult to perform in clinical
settings. The aim of this study is to evaluate the performance of a more practical detection test, combined
fasting plasma glucose (FPG) and glycosylated hemoglobin (HbAlc), as a predictor of diabetes mellitus (DM)
in a Korean sample.

Methods: We examined 2,045 (M = 1,276, mean age = 47.8 £ 9.0 yrs) medical check-up program participants
between January 2002 to December 2003. FPG, HbAlc and a number of other biochemical tests were
performed at baseline and four after years after initial screening. Patients who originally presented with
diabetes were excluded. The characteristics of newly-diagnosed DM patients and non-diabetic patients were
compared.

Results: The incidence of newly diagnosed diabetes was 1.6% (32/2,045) after four years of follow up. The
subjects in the DM group were older, had higher levels of SBP, DBP, FPG, HbAlc, triglyceride, HDL
cholesterol, GGT and LDH (P < 0.05). In multivariate logistic regression analysis, FPG (odds ratio [OR] 1.124)
and HbAlc (OR 4.794) were significantly correlated with onset of diabetes (P < 0.05). The interaction
parameter between FPG and HbAlc was more than 1.0, indicating that the two effects are synergistic. The
predictive cut-off values of HbAlc and FPG were 5.35% (area under curve [AUC] = 0.944) and 102.5 mg/dL
(AUC = 0.930), respectively.

Conclusion: The combination of HbAlc above 5.35% and FPG above 102.5 mg/dL predicted the onset of
diabetes in a Korean sample. These results suggest that the combination of FPG and HbAlc may be useful

for predicting progression to type 2 diabetes in east Asians. (Korean Diabetes J 33:306-314, 2009)
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curve$} area under curve (AUC)E o|-&slitt. B 57
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Table 1. Baseline characteristics of study subjects
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11%;&1 vl 52 + 04%9)
ozt Zpel7t M%M FAANN167.8 + 89.1 vs. 1214 +
79.0 mgdL)? A= Ak FaElElE 74 (512 £
12.8 vs. 56.3 = 13.3 mg/dL), gamma glutamyl transferas
(GGT) (89.6 + 2189 vs. 353 + 33.5 IU/L), lactate
dehydrogenase (LDH) (343.1 + 77.5 vs. 3185 + 524

IUWL)E F+ T Zhll 8 XpolE HSIrKTable 1).
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Non-diabetes Diabetes P-value

(n = 2,013) (n = 32)
Age (years) 477 + 8.9 53.6 £ 11.3 0.006
Sex (M/F) 1,256/757 20/12 0.990
BMI (kg/m?) 235 + 2.7 245 + 2.8 0.062
Hypertension (%) 20.4 50.0 < 0.001
SBP (mm Hg) 122.8 £ 12.2 1322 + 14.5 0.001
DBP (mm Hg) 78.1 + 8.6 834 + 9.7 0.004
Smoking (%) 72.9 50.0 0.174
FPG (mg/dL) 919 £ 9.9 113.6 £ 10.3 < 0.001
HbAlc (%) 52 £ 04 62 + 1.1 < 0.001
TC (mg/dL) 194.6 + 34.2 201.7 = 35.0 0.264
TG (mg/dL) 121.4 + 79.0 167.8 + 89.1 0.006
HDL-C (mg/dL) 56.3 £ 13.3 512 £ 12.8 0.035
LDL-C (mg/dL) 112.1 £ 30.9 103.0 = 36.1 0.167
AST (IU/L) 23.7 £ 94 273 + 10.5 0.064
ALT (IU/L) 260 + 17.5 324 + 19.5 0.073
GGT (IU/L) 353 + 335 89.6 £ 218.9 < 0.001
ALP (mg/dL) 154.3 £ 43.0 160.0 + 51.5 0.540
LDH (IU/L) 3185 + 524 343.1 £ 77.5 0.009
BUN (mg/dL) 133 + 35 142 + 32 0.161
Creatinine (mg/dL) 09 £ 02 09 + 02 0.760
Uric acid (mg/dL) 51 + 1.4 54 + 1.4 0.313

The incidence of newly diagnosed diabetes was 1.6% (32/2045) after 4 years follow up. Values are mean + SD. ALP,
Alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN,

blood urea nitrogen; DBP, diastolic blood pressure; FPG, fasting plasma glucose; GGT, gamma glutamyl transferase;
HDL-C, high density lipoprotein cholesterol; LDH, lactate dehydrogenase; LDL-C, low density lipoprotein cholesterol;
SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.
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Table 2. Logistic regression analysis of risk factors of diabetes mellitus in all subjects

Variables B P-value Exp (B) 95% CI)

Univariate analysis
Age (years) 0.062 < 0.001 1.064 (1.029~1.100)
FPG (mg/dL) 0.182 < 0.001 1.200 (1.154~1.248)
HbAlc (%) 2.991 < 0.001 19.905 (10.430~37.986)
SBP (mm Hg) 0.054 < 0.001 1.056 (1.030~1.082)
DBP (mm Hg) 0.66 < 0.001 1.068 (1.029~1.108)
TG (mg/dL) 0.004 0.002 1.004 (1.002~1.007)
HDL-C (mg/dL) -0.033 0.034 0.968 (0.939~0.998)
GGT (IU/L) 0.008 0.004 1.008 (1.002~1.013)
LDH (IU/L) 0.007 0.009 1.007 (1.002~1.013)

Multivariate analysis
FPG (mg/dL) 0.117 < 0.001 1.124 (1.072~1.179)
HbAlc (%) 1.604 < 0.001 4.794 (2.196~11.265)
FPG*HbAlc 0.017 < 0.001 1.017 (1.013~1.021)

DBP, diastolic blood pressure; FPG, fasting plasma glucose; GGT, gamma glutamyl transferase; HDL-C, high density

lipoprotein cholesterol; LDH, lactate dehydrogenase; SBP, systolic blood pressure; TG, triglyceride.

Area under curves of HbAlc & FPG

Variables AUC P-value
HbAlc 0.944 < 0.001
**  FhAL FPG 0.930 < 0.001
> /éb FPG Cut off values of HbAlc
=067 HbAlc Sensitivity Specificity
Z*; 5.25% 100% 68.7%
£ orf 5.35% 96.6% 78.9%
73] 5.45% 81.3% 85.8%
- 5.55% 81.3% 90.2%
Cut off values of FPG
FPG Sensitivity Specificity
00 T T T T 101.5 (mg/dL) 90.6% 85.9%
oo 02 04 06 0810 02,5 (mg/dL) 90.6% 87.7%
1 - Specificity 103.5 (mg/dL) 81.3% 89.1%

Fig. 1. ROC curves & cut off values of HbAlc & FPG. The predicting cut-off values of HbAlc and FPG are 5.35%

(AUC = 0.94), 102.5 mg/dL (AUC =

309

0.93) respectively. FPG, fasting plasma glucose.
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Table 3. Incidence of diabetes mellitus according to cut off values of FPG & HbAlc

Baseline variables N Diabetes at follow-up
FPG (mg/dL) HbAlc (%) n (%)
< 102.5 < 535 1,477 0 (0%)
< 102.5 > 5.35 112 1 (0.9%)
> 102.5 < 535 291 3 (1.0%)
> 102.5 > 5.35 165 28 (17.0%)
Total 2,045 32 (1.6%)

FPG, fasting plasma glucose.

Table 4. Clinical characteristics of subjects with impaired fasting glucose at baseline

Non-diabetes (n = 390) Diabetes (n = 29) P-value
Age (years) 49.6 £ 9.1 52.8 £ 11.3 0.155
Sex (M/F) 285/105 17/12 0.094
BMI (kg/m?) 240 + 2.5 244 + 24 0.312
Hypertension (%) 32.8 44.8 0.187
SBP (mm Hg) 1273 + 114 130.0 = 13.1 0.290
DBP (mm Hg) 80.8 + 7.6 82.8 + 9.6 0.296
Smoking (%) 76 82.1 0.461

Values are mean + SD. BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure.

Table 5. Logistic regression analysis of risk factors of diabetes mellitus in subjects with impaired fasting glucose

at baseline

Variables B P-value Exp (B) (95% CI)

Univariate analysis

FPG (mg/dL) 0.183 < 0.001 1.201 (1.135~1.271)

HbAlc (%) 2.000 < 0.001 7.390 (3.796~14.385)
GGT (IU/L) 0.005 0.062 1.005 (1.000~1.011)
LDH (IU/L) 0.008 0.005 1.008 (1.002~1.014)
Multivariate analysis

FPG (mg/dL) 0.135 < 0.001 1.144 (1.073~1.220)
HbAlc (%) 1.095 0.002 2.988 (1.505~5.931)
FPG*HbA lc 0.014 < 0.001 1.014 (1.009~1.019)

FPG, fasting plasma glucose; GGT, gamma glutamyl transferase; LDH, lactate dehydrogenase.
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