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(Int J Clin Pract 2008:62:642-8)



IFG and IGT should not be viewed as clinical entities 

Categories of increased risk for diabetes

IFG and IGT should not be viewed as clinical entities 

in their own right but rather risk factors for diabetes 

as well as CVD.

(Diabetes Care 2010:Suppl1: S11-61)





당뇨병전기 진단의 변화

� 1979 NDDG : IGT 제시

� 1997 ADA : Pre-diabetes 제시, 기존 IGT에 IFG 추가함 (110 mg/dL)

� 2003 ADA : IFG 기준 낮춤: 110->100 mg/dL� 2003 ADA : IFG 기준 낮춤: 110->100 mg/dL

� 2010 ADA : 당뇨병전기 분류에A1C 추가 (5.7-6.4%) 

명칭 변경 (Categories of increased risk for diabetes)



선별검사법 종류

1 FPG

2 OGTT (2h PG)

3 HbA1C

4. Risk calculators (Questionnaire)

5. 기타: Random plasma glucose (RPG)

Capillary glucose, urine glucose. 



선별검사법으로서 FPG vs 2h PG

1997 ADA report에서 FPG를 강조한 이유 :

- More convenient for patients

- Less costly and time consuming

- Repeat-test reproducibility is superior than 2h PG. 

(Diabetes Care 1997:20:1183-97)

(Diabetes Care 2009:32:1327-34)



� 4개 cohort 분석 : 연천, 정읍, 목동, 안산 (총 4610명)

(DRCP 2008:80:463-8)



– Standardization (표준화, 정도관리 문제)

– Misleading in Pts with abnormal red cell turnover    

(anemia, hemoglobinopathies, pregnancy)

HbA1C의 제한점

(anemia, hemoglobinopathies, pregnancy)

– Rapid progression of hyperglycemia in type 1 DM

– Not perfect concordance between A1C and  glucose-based test

– Low sensitivity for diagnosing DM than FPG

(eg) A1c 6.5%를 기준으로 할 경우, 126mg/dl 기준에 의한

당뇨병 환자의 30%가 진단받지 못했음 (미국 NHANES자료)



(Diabetes Care 2009:32:1327-34)

A1C vs FPG 일중 변동치: 2% vs 15%



- NHANES 1994-2004, ROC 분석
- The Diabetes Risk Calculator is the only currently available noninvasive screening tool 
designed to detect both pre-diabetes and undiagnosed diabetes in the U.S. population.

(Diabetes Care 2008:31:1040–45)



� Cross-sectional data, US adults ≥ 20 yrs.

� NHANES 2005-2006, ARIC, CHS

(Ann Int Med 2009:151:775-83 )



* Cross-sectional survey : 2000 to 2001 in a nationally representative sample of

15 540 Chinese adults, aged 35-74 yrs. 

* diabetes risk level (DRL)  using four predictors: age, BMI, WHR, WC

WC90 &  48yrs

WHR 0.92

(J Epidem CommHealth 2010: 64::236-42)

WHR 0.79 & 40yrs



(Prevent Chr Dis 2010:7:1-9)

(Am Fam Med 2008:6:555-61)



OGTT 검사 적응증

(KDA 당뇨병 진료지침, 2007)

1. 공복혈당장애

2. 공복혈당이 정상이더라도, 당뇨병의 고위험군

3. 공복혈당이 유용한 검사가 어려운 60세 이상의 노인인구

4. 혈당검사가 모호하거나, 임신부

5. 역학연구에서 필요할 경우



� 선별검사로서, FPG, A1C, OGTT가 진단에 서로 보완적인 장
점이 있겠음. 

적절한 선별검사법 : 요약

� FPG 측정으로 우선 선별검사를 실시하고, IFG로 나올 경우
OGTT를 추가적으로 실시한다.

� NGSP 표준화된 방법을 이용하여, A1C를 새로운 선별검사법
으로 적용할 수 있겠음. 

� Risk assessment tool의 유용성
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1.   종적연구 : 

추후 당뇨병을 예측할 수 있는 적절한A1C 수치 (FPG, 2h PG) 는 얼마인가?

당뇨병전기 진단에 부합하는, 

A1C, FPG, 2h PG 수치의 결정 방법

2. 단면연구 : 

IFG (or IGT) 에 가장 부합하는A1C 수치는 얼마인가?

(비고) ROC 분석 이외에 Cost 고려될 필요 있음.



IFG의 적절수치 결정방법 : F 110->100

(2003 ADA Committee Report)

� 추후 당뇨병 발병을 가장 잘 예측하는 기저시점의 FPG 수치를 비교하여 결정함.

� ADA: 4개 종족을 조사.� ADA: 4개 종족을 조사.

= Dutch population: FPG 103 mg/dL

= Pima Indian : FPG 97 mg/dL

= Mauritius : FPG 94 mg/dL

= San Antonio: FPG 94 mg/dL

-> 100% sensitivity와 100% specificity에 가장 근접한 수치 (100mg/dL)

로 결정함.



� French cohort study (DESIR), 1,383 men and 1,437 women, aged 30–65 years, for a health exam.

� Multivariate logistic regression models were used to predict diabetes at 6 years. 

� ROC curves compared the predictive values of A1C and FPG. 

� For A1C, the optimal value was 5.7% (sensitivity 66%, specificity 88%).

(Diabetes Care 2006:29:1619–25)

FPG

A1C

A1C

FPG



(J Gen Intern Med 2004;19:1175–1180)

� 1,253 outpatients without diabetes, age 45 to 64.  3yr FU at VAMC. 

� Patients with high-normal HbA1c may require FU sooner than 3 years, especially 

if they are significantly overweight or obese.



(Diabetes Care 2009:32:644–6)

- 6,736 non-diabetic Japanese men aged 40–55 years. 4yr FU



* 208 subjects, mean FU 1.6 yrs -> 21.2% DM developed. 

* Those who were diabetic at the end of the study had a high likelihood ratio (LR) 

of 9.3 to have baseline FPG 6.1 mmol/l and baseline HbA1c 6.1%.

(GARY T.C. KO, Diab Care 2000:23:2770-7)



- 건진수진자 2045명. 4년 FU-> 1.6% 발병. 

- 추후 당뇨병 발병위험과 관련된 기저 FPG, A1C cut-off 확인

(KDJ 2009:33:306-14)

Conclusion: The combination of HbA1c above 5.35% and FPG above 102.5 mg/dL predicted

the onset of diabetes in a Korean sample. 



After 2 years, the baseline FPG level at the point on the ROC curve that was closest to 

the ideal of 100% sensitivity and 100% specificity was 103 mg/dL (sensitivity and 

specificity of 103 mg/dL were 70.3% and 85.4%, respectively).

(Yonsei Med J 2008:49:217-23)



�Methods: In 22 465 selected participants, an analysis was conducted of the ability of          

HbA1c to predict MS and IFG.

(Diabet Med 2007:24:848–54)



� 4 Cohort study : ROC analysis 

(Diabetic Med 2007:24:217-20)



2010 ADA Standards of Medical Care 

(Ackerman R.T, Personal communication)



2010 ADA Standards of Medical Care 

(Ackerman R.T, Personal communication)



Cut-off Value of A1C and Fasting Glycemia for Predicting 

New Development of DM in 10513 Koreans :

a 4-year Longitudinal Study at KBSMC

성균관의대 강북삼성병원 내분비내과

배지철, 이은정, 이원영, 최지훈, 유승현, 김원준,

박세은, 박철영, 오기원, 박성우, 김선우



연구대상 및 방법

• 대상: 2005-2009년까지 매년 건진을 받은 성인 10950명

(제외) 기저시점에서의, 당뇨병 환자 437명

(최종 분석대상)  10513 명

• 4년간 당뇨병 발병: 650명(6.2%)

당뇨병 발병기준: F ≥ 126 mg/dL, or A1C ≥ 6.5%, or drug Tx Hx.

• 전체 F/U 기간

– 최장 F/U 기간: 59개월, Median F/U 기간: 54개월

• ROC analysis, Cox-regression, Life table method

2006 2007 2008 20092005



Baseline characteristics

Basal characteristics

Total No. (N=10513)

Sex (M/F) 7610/2903

Age (yrs) 45.1±5.9

Glucose (mg/dL) 95.4±8.5

T-chol (mg/dL) 193.4±32.2T-chol (mg/dL) 193.4±32.2

TG (mg/dL) 134.1±83.1

HDL(mg/dL) 52.1±11.7

LDL (mg/dL) 112.3±27.2

HbA1c (%) 5.38±0.33

BMI (kg/m2) 23.8±2.8

HOMA-IR 2.04±0.84

No. high risk of DM

(Pre-diabetes)
3946(37.5%)



New DM development during 4 yr FU (Life table method)

• Incidence: 1- 생존함수

No. at 
risk

10513 10513 10488 10415 10381 10315 10192 8060 3315 225



AUC of  A1C and Fasting glucose

Variables                                     AUC                          P-value

A1C                                            0.784                        < 0.001

Fasting glucose                           0.835                        < 0.001

A1C                                          Sensitivity                  Specificity

A1C & FBS cut-off value for predicting new development of DM 

during 4 yr FU : Longitudinal study

5.55%                                           70.6%                        73.7%

5.65%                                           62.0%                        83.5%

5.75%                                           52.0%                        90.5% 

Fasting glucose                        Sensitivity                  Specificity

101.5 mg/dL                                 70.7%                        81.5%

102.5 mg/dL                                 68.9%                        84.5%

103.5 mg/dL                                 65.2%                        87.1% 

Highest

Youden Index



A1C cut-off value for predicting IFG (F 100 mg/dL) : 

Cross-sectional study

AUC

Variables                                     AUC                         P-value

A1C                                            0.651                        < 0.001

Cut-off values of A1C             Sensitivity                  Specificity

5.35%                                           70.6%                        73.7%

5.45%                                           62.0%                        83.5%

5.55%                                           52.0%                        90.5% 

Highest

Youden Index



Baseline characteristics : Quartile analysis

Table. Baseline Characteristics of Total Study Sample by HbA1c quartile

Baseline A1c quartile

At 2005 <5.2% 5.2-5.4% 5.4-5.6% ≥5.6% P value

N=9960(%) 2360(23.7%) 2301(23.1%) 2428(24.3%) 2901(28.9%)

Age 43.9±4.8 44.4±5.1 44.7±5.5 45.9±6.1 <0.001

Male % 80.50% 74.30% 71.70% 67.30% <0.001

BMI(kg/m2) 23.5±2.6 23.6±2.7 23.7±2.7 24.3±3.0 <0.001

systolic BP(mmHg) 113.9±14.5 112.6±14.3 112.4±14.2 113.2±14.5 0.001

diastolic BP(mmHg) 76.3±10.3 75.6±10.1 75.4±9.8 75.8±10.1 0.01

HbA1c(%) 4.96±0.17 5.25±0.05 5.45±0.05 5.77±0.19 <0.001

glucose(mg/dL) 92.8±7.4 93.8±7.5 95.2±7.9 99.1±9.5 <0.001

T- chol(mg/dL) 186.3±30.8 191.6±31.1 194.0±31.4 199.8±33.0 <0.001

Triglyceride(mg/dL) 128.3±79.5 128.3±76.3 133.8±81.3 145.0±92.5 <0.001

HDL-C(mg/dL) 51.0±11.4 52.7±12.1 52.2±11.5 52.1±11.8 <0.001

LDL-C(mg/dL) 107.1±26.1 110.7±26.3 112.8±27.1 116.5±27.6 <0.001

HOMA-IR 1.87±0.74 1.95±0.76 2.03±0.83 2.26±0.94 <0.001

Mean folow-up(mon) 48.4±3.1 47.9±3.2 47.5±3.6 45.4±7.8 <0.001



variable <5.2% 5.2-5.4% 5.4-5.6% ≥5.6%

No of New DM during FU 48 49 84 434

proportion of baseline HbA1c 

category
2.0% 2.1% 3.5% 15.0%

Person-years of follow-up 9,526 9,192 9,609 10,967

Hazard Ratios for Type 2 Diabetes among 9960 

According to quartiles of HbA1c level by Cox regression model

Person-years of follow-up 9,526 9,192 9,609 10,967

Adjusted risk ratio (95% CI)

age
1

(reference)

1.10

(0.74-1.64)

1.84

(1.29-2.62)

8.30

(6.15-11.21)

age & sex
1

(reference)

1.15

(0.77-1.71)

1.96

(1.38-2.80)

9.41

(6.96-12.71)

age, sex & BMI
1

(reference)

1.11

(0.77-1.66)

1.83

(1.28-2.61)

8.15

(6.02-11.05)

age, sex, BMI, TG & HDL
1

(reference)

1.12

(0.75-1.67)

1.81

(1.27-2.59)

7.96

(5.87-10.78)



Time-dependent Increase in New DM Development 

According to Baseline A1C Levels



HR 95% CI P value

Fasting plasma glucose (per mg/dL)† 1.148 1.138-1.158 <0.001

Age (per year)† 1.031 1.019-1.043 <0.001

Female sex† 1.168 0.925-1.475 0.193

BMI (per kg/m2)† 1.063 1.32-1.096 <0.001

Cox Regression Analysis of New DM Development

(multivariable model except for HOMA-IR)

BMI (per kg/m2)† 1.063 1.32-1.096 <0.001

HDL cholesterol (per mg/dL)† 0.987 0.978-0.995 0.002

LDL cholesterol (per mg/dL)† 1.004 1.002-1.007 0.003

Triglycerides (per mg/dL)† 1.001 1.000-1.002 0.002

HOMA-IR＊ 1.592 1.519-1.669 <0.001

† multivariable analysis

＊univariable analysis

* 공복 혈당 1mg/dL 증가 마다 4년 동안, 당뇨병 발병위험은 14.8%씩 증가함



Future DM risk according to Baseline A1c 5.7% :

Hazard ratio (Cox regression model)

HbA1c categories <5.7% ≥5.7%

No of subjects 8060 1930

No of subjects who developed DM 234 381

proportion of baseline HbA1c 

category
2.90% 19.70%

Person-years of follow-up 28328 10967

Adjusted risk ratio (95% CI)

* No. at risk

<5.7 80608060 8059 8053 8046 8025 7958 6302 2570 182
≥5.7 1930 1930 1906 1843 1819 1779 1723 1279 483 15

age
1

(reference)

6.97

(5.92-8.22)

age & sex
1

(reference)

7.55

(6.40-8.91)

age, sex & BMI
1

(reference)

6.71

(5.67-7.95)

age, sex BMI & HOMA-IR
1

(reference)

6.27

(5.27-7.44)

age, sex,  BMI, TG, HDL &

HOMA-IR 

1

(reference)

6.19

(5.21-7.36)



Hazard Ratios for New Development of DM According to 4 groups 

categorized by A1c 5.7% and BMI 25 (Cox regression model)

variable
A1c <5.7%

BMI <25

A1c <5.7%

BMI ≥25

A1c ≥5.7%

BMI <25 

A1c ≥5.7%

BMI ≥25

No of subjects 5583 2418 1120 783

No of subjects who developed DM 124 107 175 201

baseline Pre-diabetes 2.2% 4.4% 15.6% 25.7%baseline Pre-diabetes 2.2% 4.4% 15.6% 25.7%

Person-years of FU 24,744 9,631 4,229 2,807

Adjusted RR (95% CI)

age
1

(reference)

1.93

(1.49-2.50)

7.48

(5.93-9.43)

13.59

(10.84-17.02)

age and sex
1

(reference)

1.70

(1.31-2.21)

8.44

(6.68-10.67)

12.68

(10.11-15.89)

age, sex, TG and HDL
1

(reference)

1.51

(1.16-1.96)

8.04

(6.36-10.18)

10.89

(8.65-13.72)

age, sex, TG, HDL and HOMA-IR
1

(reference)

1.25

(0.95-1.65)

7.71

(6.08-9.78)

8.18

(6.40-10.45)



Summary 

1. 종적 연구 :

4년 동안의 당뇨병 발병을 적절히 예측하는, 기저시점의 A1C 및 공복혈당

cut-off level은 각각 5.7%, 103 mg/dL 이었음

(based on highest Youden index). 

2. 단면 연구 :

공복혈당 100 mg/dL에 해당되는 A1C는 5.45% 이었음.

3. 다중회귀분석 결과 (종적 연구) :

- 공복혈당 1mg/dL 증가마다 4년 동안, 당뇨병 발병위험은 14.8%씩 증가함.

- A1C 5.7%를 기준으로 이분화 했을 때, 당뇨병 발병위험도가 6.2-6.9배

차이가 있었음.



Suggestion

� 한국인 중년 성인에서, 당뇨병전기 진단의 적절한 하한 수치는 A1C 

5.7%로 제시될 수 있겠음 (추후 당뇨병 발병 예측에 적절한 값).5.7%로 제시될 수 있겠음 (추후 당뇨병 발병 예측에 적절한 값).

� 추가적인 OGTT 검사를 위한 선별 기준으로는 5.45%가 제시될 수

있겠음 (조기진단을 위한 목적). 
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Men in the Israel Defense Forces who were 26 to 45 years.

A total of 208 incident cases of type 2 DM occurred during 74,309 person-years of

follow-up among 13,163 subjects who had baseline FPG < 100 mg/dL.

(Tirosh A. NEJM 353:14, 2005)



Conclusion: Higher FPG within the normoglycemic range constitute an independent

risk factor for type 2 DM, and such levels may help, along with BMI & TG levels, 

to identify apparently healthy men at increased risk for diabetes.



(Am J Med 2008:121:519-524)



(JAMA 1998:280:1757-63)

Method: A Monte Carlo computer simulation model 

Result: The incremental cost of opportunistic screening among all persons aged 25 years or older is 

estimated at $236 449 per life-year gained and $56 649 per QALY gained.

Conclusion: Although current recommendations are that screening begin at age 45 years, these 

results suggest that screening is more cost-effective at younger ages.



-1992년, 연천지역 주민. 표본추출. OGTT 후 단면분석 (당뇨병의 위험인자)

- 당뇨병: 전체 9.1%, 남성 10.8%, 여성 7.9%, 

- IGT: 전체 11.8%,   남성 12.5%, 여성 11.3%

(당뇨병 1990:20:14-24)



(당뇨병 1990:20:14-24)



≥ 23kg/m2



(임상당뇨병 2007:8:17-20)
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DM Screening is infrequent.

� In one survey in Michigan U health system.:

Only 70% had any glucose measurement over 3 years by 184 physicians &

95% of the measurement were RPG.  3% FPG, 2% A1C

(Diabetes Care 2004:27:9-12)



(Diabetes Care 2002:25:1410-7)



Rationale for 3yr interval screening Screening at Health care setting > 

Community screening



(Diabetes Care 2005:28:307-311)



KBSMC data : Yearly FU vs 2 yr FU for detection of IFG, DM

No. at risk
7568 5965 2135

No. at risk
7568 7364 6432 4667 1730

Diagnosing  subjects with ≥ 100mg/dL according to FU interval

F/U interval 1year 2year

No of subjects 7568 7568

No of subjects who developed IFG,DM 2877 2330

proportion of IFG or DM during 4 yrs 38.0% 30.8%

mean month of follow-up 40.5±12.6 43.6±9.7

person-year of F/U 25541 27499





� 적절한 선별검사 및 기준:

- 선별검사로서, FPG, A1C, OGTT가 진단에 서로 보완적인 장점이 있겠음. 

- ADA guideline은 5.7-6.4%를 category of increased risk for diabetes로

하였지만, 한국인에서의 적절한 수치에 대한 연구가 진행되어야 하겠음.

결론

� 선별검사의 대상 :

- 45세 (vs 40세) 이상 성인 모두.

- 당뇨병 발병 위험인자가 동반된 45세 미만 (vs 40세 미만)

�선별검사의 간격: 

- 정상혈당일 경우, 3년 간격 제시될 수 있겠음
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