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Hemoglobin A1lc for the diagnosis of diabetes: To
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ABSTRACT

Aims/Introduction: To evaluate if hemoglobin Alc (A1C) can replace the use of the oral glucose tolerance test (OGTT) to diagnose

diabetes in Chinese patients.

Materials and Methods: Subjects without pre-existing diabetes were included in this community-based study. Each participant

received a 75-g OGTT and A1C tests.

Results: A total of 1362 subjects, 512 men and 850 women, aged 18-88 years, were enrolled. The prevalence of diabetes was

74 and 7.3% by OGTT and by A1C > 6.5% criteria, respectively. The optimal A1C cut-off for diabetes defined by OGTT was 6.1%.
The performance of A1C > 6.1% to find diabetes by OGTT was poor, with a kappa 0.50, sensitivity 80% and specificity 91%. Using
current criteria of fasting plasma glucose (FPG) < 5.56 mmol/L to exclude and =7 mmol/L to diagnose diabetes (FPG criterion), the
sensitivity, specificity and OGTT required were 77.2, 100 and 13.5%, respectively. Using A1C < 59% to exclude and >7.0% to diagnose
diabetes (A1C criterion), the sensitivity, specificity and OGTT required were 89.1, 99.8 and 26.5%, respectively. However, using

FPG < 556 mmol/L and A1C < 6.1% to exclude, and ATC > 7.0% to diagnose diabetes (A1C plus FPG criterion), the sensitivity,
specificity and OGTT required were 85.2, 100 and 18.9%, respectively.

Conclusions: To screen for diabetes, the A1C criterion is more sensitive than the FPG criterion, with more OGTT needed. The A1C
plus FPG criterion reduced the number of OGTT needed with acceptable sensitivity. A1C can guide, but cannot replace, OGTT to
diagnose diabetes. (J Diabetes Invest, doi: 10.1111/j.2040-1124.2011.00181.%, 2012)
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INTRODUCTION

In January 2010, the use of A1C to diagnose DM was officially
recommended by the ADA™. A1C has been shown to correlate
with the occurrence of diabetic retinopathy in previous reports™,
However, it was not recommended to diagnose DM at that time,
mainly because of the lack of standardization of the assay”. After
the years of effort, the assays for A1C have been highly standard-

]Departmem of Internal Medicine, National Taiwan University Hospital, °Graduate
Institute of Clinical Medicine, Medical College, National Taiwan University, *Division of
Endocrinology, Department of Internal Medicine, Cardinal Tien Hospital, Medical School,
Catholic Fu Jen University, ’Graduate Institute of Preventive Medicine, National Taiwan
University School of Public Health, Taipei, “Chia Nan University of Pharmacy and Science,
Tainan, SDepartment of Intemnal Medicine and ®Division of Clinical Pathology, National
Taiwan University Hospital Yun-Lin Branch, Yun-Lin, Taiwan

*Corresponding author: Lee-Ming Chuang Tel.: +886-2-23123456 ext. 65038

Fax: +886-2-23938859 E-mail address: leeming@ntu.edu.tw

1These authors contributed equally to this work. [Equal contribution statement
added on 23 Aug 2012, after first online publication.]

Abbreviations: 2-h PG, 2-h plasma glucose; A1C, hemoglobin Alc; ADA, American
Diabetes Association; BMI, body mass index; Cl, confidence interval; CV, coefficients
of variance; DCCT, Diabetes Control and Complications Trial; DM, diabetes mellitus;
FPG, fasting plasma glucose, IFG, impaired fasting glucose; IGT, impaired glucose
tolerance; IQR, interquartile range; LR+, positive likelihood ratio; LR—, negative
likelihood ratio; NGSP, National Glycohemoglobin Standardization Program; NPV,
negative prediction values; OGTT, oral glucose tolerance test; PPV, positive prediction
value; ROC, receiver-operator curve.

Received 11 July 2011; revised 6 October 2011; accepted 16 October 2011

© 2011 Asian Association for the Study of Diabetes and Blackwell Publishing Asia Pty Ltd

ized, at least in the USA. Therefore, the ADA revised their diag-
nostic criteria for DM by adopting the use of A1C? which is
more practical and time-saving than an OGTT.

After the announcement, many studies were carried out to
evaluate the diagnostic performance of A1C for DM in different
populations®'°. As the optimal A1C cut-off can vary in differ-
ent races'!, the performance of the currently recommended
AI1C cut-off should be evaluated in different ethnic groups. For
example, Araneta et al.'’ reported that using the A1C cut-off of
6.5% might delay the diagnosis of DM, especially in Asian
Americans who frequently have isolated postchallenge hypergly-
cemia. Bao et al.’ suggested a A1C cut-off of 6.3% for diagnosis
of DM in the Chinese population, which was lower than the
ADA-proposed cut-off. Besides, to apply A1C as a new diagnos-
tic or screening tool, it is important to know if A1C and OGTT
criteria identified a similar group of people. If these criteria
highly agree with each other, A1C can simply replace the OGTT
test as a simple method of diagnosis. If not, A1C could be used
to decide whether OGTT should be carried out. Therefore, the
aim of the present study was to investigate the following two
questions: (i) can A1C criteria replace OGTT criteria to diag-
nose DM; and (ii) what is the screening strategy to find DM
using A1C as one of the tools?
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METHODS

During 2006-2009, residents in Yunlin County aged 18 years
and above were invited to participate in the present study,
termed the Taiwan Lifestyle Study'”. A questionnaire was given
to discover if participants had DM or received medication for
DM, with the aid of a trained nurse. Participants who reported
DM or received medication for DM were excluded. Written
informed consent was obtained from each individual, and the
study was reviewed and approved by the Institutional Review
Board.

A standard 75-g OGTT was carried out after an 8-h fast.
Normal glycemia (FPG < 556 mmol/L and 2-h PG <78
mmol/L), IFG (FPG 5.56-6.9 mmol/L), IGT (2-h PG 7.8-
11.0 mmol/L) and DM (FPG > 7 mmol/L and/or 2-h PG >
11.1 mmol/L) were diagnosed according to the results of OGTT
by the criteria of the ADA proposed in 2003"*. Plasma glucose
and A1C were measured by automatic analyzers (Toshiba TBA
120FR, Toshiba Medical Systems Co., Tokyo, Japan; and HLC-
723 G7 HPLC systems, Tosoh Corporation, Tokyo, Japan,
respectively). The coefficients of variation (CV) for plasma glu-
cose were 1.1-1.4% at 86 mg/dL (4.8 mmol/L) and 0.8-0.9% at
293 mg/dL (16.3 mmol/L). The CV for A1C were 1.6-1.8%
at 5.5-5.7% (37-39 mmol/mol) and 0.9-1.0% at 9.7-10.1%
(83-87 mmol/L). The laboratory attends and is qualified by an
external quality assurance program by the Taiwan Society of
Laboratory Medicine twice a year. The A1C assay was certified
by the NGSP'* and standardized to the DCCT reference assay.

Kappa statistics were used to evaluate the degree of agreement
between A1C cut-offs and OGTT criteria. The performance of
different criteria was assessed by ROC analysis. Optimal cut-offs
were derived from the ROC curve with the shortest distance to
sensitivity = 1, and 1 — specificity = 0, and the Youden index

Table 1 | Clinical characteristics of the study participants

(Y = sensitivity + specificity — 1). The statistical analyses were
carried out with Stata/SE 11.0 for Windows (StataCorp LP, Col-
lege Station, TX, USA).

RESULTS

A total of 1362 participants were enrolled in the present study,
including 512 (38%) men and 850 (62%) women, aged 18-88
years with a median of 50 years (IQR 41-59 years). In this
community-based Chinese population, the median for FPG,
2-h PG and A1C were 4.94 mmol/L (IQR 4.67-5.33 mmol/L),
6.22 mmol/L (IQR 5.06-7.72 mmol/L) and 5.6% (38 mmol/
mol; IQR 5.4-5.9%, 36-41 mmol/mol), respectively. Their clini-
cal characteristics are summarized in Table 1. Among them, 101
(7%) and 100 participants (7%) were diagnosed as DM by
OGTT criteria and A1C = 6.5% (48 mmol/mol), respectively.
Among 135 patients with DM by either criteria, there were 66
patients (48.9%) who met both OGTT and AIC criteria, 35
patients (25.9%) who met OGTT criteria only and 34 patients
(252%) who met AIC criteria only (Figure la). FPG and
2-h PG were similar in those with DM by A1C > 6.5% than
those with DM by abnormal OGTT results (FPG 7.2 + 2.6
vs 74 + 26 mmol/L, P=0.7; 2-h PG 135 +59 vs 150 +
4.8 mmol/L, P = 0.054).

The optimal cut-off of A1C was 6.1%. The area under the
ROC curve for A1C to diagnosed DM by OGTT criteria in the
present population was 0.91 (95% CI 0.87-0.95), with the opti-
mal cut-off of 6.1%. Among the 213 patients who had
A1C 2 6.1% or DM by abnormal OGTT results, there were 81
subjects (38.0%) who met both criteria, 20 patients (9.4%) who
met OGTT criteria only and 112 patients (52.6%) who had
Al1C 2 6.1% only (Figure 1b). As shown in Table 2, the
sensitivity, specificity, PPV and NPV to diagnose DM by OGTT

All A1C

<6.5% >6.5% P-value

(48 mmol/mol) (48 mmol/mol)
n 1362 1262 100
Age (years) 499 + 128 492 + 128 583 £ 9.1 <0001
Sex (male/female) 512/850 468/794 44/56 017
FPG (mmol/L) 516 + 105 5.00 + 050 722 + 261 <0.001
2-h PG (mmol/L) 688 + 3.11 638 + 194 1354 + 594 <0.001
A1C (%, mmol/mol) 57 +0839+9) 56+ 04 (38=+4) 76+ 1760 +2) <0001
NGT (%) 938 (69%) 933 (74%) 5 (5%) <0.001
IFG or IGT (%) 323 (24%) 294 (23%) 9 (29%) 020
IFG (%) 5 (11%) 128 (10%) 7 (17%) 003
IGT (%) 236 (17%) 213 (17%) 23 (23%) 012
DM (%) 01 (7%) 5 (3%) 66 (66%) <0001
FPG = 7 mmol/L (%) 43 (3%) 7 (1%) 6 (36%) <0001
2-h PG = 11.1 mmol/L (%) 97 (7%) 32 (3%) 5 (65%) <0.001

2hPG, plasma glucose 2 h after oral glucose tolerance test; A1C, hemoglobin Alc; DM, diabetes; FPG, fasting plasma glucose; IFG, impaired fasting

glucose; IGT, impaired glucose tolerance; NGT, normal glucose tolerance.
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(a) OGTT AIC = 6.5%

66 (4.8%) 1227 (90.1%)

(b) OGTT AIC=>6.1%

112 (8.2%)

1149 (84.4%)

Figure 1 | The relationship between diabetes by OGTT and A1C cut-offs
at (@) 6.5% and (b) 6.1%.

were 65, 97, 66 and 97% for A1C > 6.5% criteria, and 80, 91, 44
and 97% for A1C > 6.1% criteria, respectively. Both A1C cut-
offs showed unsatisfactory agreement with OGTT criteria for
DM (kappa 0.50 and 0.63). A similar pattern was also found in
both men and women (Supporting Information Table S1). As
there is a nationwide FPG screening program in Taiwan, which
is free for all adults older than 45 years and is provided every
3 years, we believed some, if not all, have attended the program.
Therefore, we analyzed the agreement in patients younger and

A1C for the diagnosis of diabetes

older than 45 years. In patients younger than 45 years, an A1C
cut-off of 6.5% showed a higher agreement with OGTT criteria
(kappa 0.83) than that in those older than 45 years (kappa 0.60;
Supporting Information Table S2). The performance of using
ADA criteria to find patients with IFG or IGT was poor. The
kappa statistics, sensitivity and specificity were 0.19, 65 and 71%
for IFG, and 0.19, 54 and 72% for IGT (Table 2).

There was no difference in age, sex, BMI, blood pressure and
lipid profile between patients with DM diagnosed by OGTT cri-
teria (n = 101) and by A1C 2 6.5% criteria, but not by OGTT
criteria (n = 34). However, patients with DM by A1C criteria
had lower FPG (5.5 + 0.5 vs 7.4 + 2.6 mmol/L, P < 0.001) and
2-h PG (79 +21 vs 150 *+ 48 mmol/L, P < 0.001) than
patients with DM by OGTT criteria.

Tables 3-5 show the prevalence, PPV, NPV, false positive
and false negative percentages by using different cut-offs of
FPG, A1C and FPG with A1C to screen DM by OGTT. In find-
ing criteria to rule out DM, NPV were similar with different
AI1C cut-offs. In contrast, as the A1C cut-off increased, the prev-
alence and false negative percentage increased. In other words,
as the A1C cut-off increased, there were fewer people who had
to receive the OGTT, in the expanse of a higher false negative
percentage. In finding criteria to rule in DM, the main concern
was PPV, as these subjects might be treated as having DM.

Based on these data, the proposed two-step screening stra-
tegies are summarized in Figure 2. Using IFG criteria
(FPG < 5.56 mmol/L to rule out DM and FPG > 7 mmol/L to
rule in DM), DM could be excluded in 83.3%, confirmed in 3.2,
and 13.5% of the whole population required OGTT (Figure 2a).
Although the NPV to rule out DM was high (98.3%), there were
18.8% of diabetic patients who were missed (false negative).
The sensitivity and specificity of this strategy to diagnose DM
by OGTT were 77.2% and 100%, respectively. In Figure 2b,
Al1C < 5.9% was chosen to be the cut-off to rule out DM, in
order to reduce the false negative percentage to an acceptable
range (10.9%), with good NPV (98.8%). A1C > 7.0% was used
to rule in DM to maximize PPV (96%). By these criteria, there
were 26.5% of the patients who had to receive the OGTT to
confirm DM. The sensitivity and specificity to diagnose DM by

Table 2 | Comparison of different criteria to diagnose diabetes, impaired fasting glucose and impaired glucose tolerance

Kappa (95% Cl) Sensitivity Specificity PPV NPV LR+ LR—

Diabetes by OGTT+

A1C 2 6.1% 0.50 (045-0.55) 80% 91% 42% 98% 903 022

A1C = 65% 063 (0.58-0.68) 65% 97% 66% 97% 24.2 036
Impaired fasting glucoset

A1C 57-64% 019 (0.15-0.23) 65% 71% 22% 94% 221 050
Impaired glucose tolerance§

A1C 57-64% 0.19 (0.14-024) 54% 72% 2% 88% 191 064
tDiabetes was defined as fasting plasma glucose > 7 mmol/L or oral glucose tolerance test (OGTT) 2-h plasma glucose > 11.1 mmol/L. fImpaired

fasting glucose was defined as fasting plasma glucose 56-6.9 mmol/L. §impaired glucose tolerance was defined as OGTT 2-h PG 7.8-11.0 mmol/L.
Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative likelihood ratio; NPV, negative prediction value; PPV, positive prediction value.
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Table 3 | Prevalence, positive and negative predictive value, false positive and false negative by different cut-offs of fasting plasma glucose to screen

diabetes
Rule out Rule in
Prevalence (<cut-off) NPV False negativet Prevalence (>cut-off) PPV False positivet

50 51.0% 99.0% 6.93% 49.1% 14.1% 4552%
5.1 60.2% 98.8% 990% 39.8% 16.8% 35.77%
52 68.0% 98.7% 11.88% 32.0% 204% 2752%
53 750% 98.8% 11.88% 25.0% 26.1% 19.98%
54 80.0% 98.6% 14.85% 20.0% 31.5% 14.83%
55 81.6% 98.6% 15.84% 184% 33.9% 13.16%
556 833% 98.3% 18.8% 16.7% 36.1% 11.5%
56 85.1% 98.3% 19.80% 14.9% 39.9% 967%
57 87.7% 98.1% 22.77% 12.3% 464% 7.14%
58 90.2% 97.9% 25.74% 9.8% 56.0% 468%
59 91.5% 97.7% 2871% 85% 62.1% 349%
6.0 92.0% 97.6% 29.70% 8.0% 65.1% 301%
6.1 93.2% 97.3% 3366% 6.8% 720% 2.06%
6.2 94.4% 97.1% 3762% 56% 82.9% 1.03%
63 95.0% 96.8% 40.59% 50% 88.2% 063%
64 95.2% 96.6% 43.56% 4.8% 87.7% 063%
65 95.3% 96.5% 44.55% 47% 87.5% 0.63%
6.6 95.6% 96.5% 4554% 44% 91.7% 040%
6.7 96.0% 96.2% 4950% 4.0% 94.4% 0.24%
6.8 96.2% 96.1% 50.50% 38% 96.2% 0.16%
69 96.7% 95.7% 56.44% 33% 97.8% 0.08%
70 96.8% 95.6% 5743% 3.2% 100.0% 0.00%

tFalse negative values among patients with diabetes by oral glucose tolerance test are shown. fFalse positive values among patients without
diabetes by oral glucose tolerance test are shown. NPV, negative predictive value; PPV, positive predictive value.

Table 4 | Prevalence, positive and negative predictive value, false positive and false negative by different cutoffs of A1C to screen diabetes

Rule out Rule in
Prevalence (<cut-off) NPV False negativet Prevalence (>cut-off) PPV False positivet
53 153% 99.0% 20% 84.7% 86% 83.6%
54 23.1% 99.1% 3.0% 769% 94% 75.3%
55 31.1% 99.1% 4.0% 68.95% 10.3% 66.7%
56 529% 98.8% 89% 47.1% 14.3% 436%
57 615% 98.8% 9.9% 385% 174% 34.3%
58 61.5% 98.8% 9.9% 38.5% 174% 343%
59 69.8% 98.8% 109% 302% 21.9% 25.5%
6.0 77.2% 98.5% 15.8% 22.8% 27 4% 17.8%
6.1 85.8% 98.3% 19.8% 14.2% 42.0% 89%
6.2 88.5% 98.0% 23.8% 11.5% 494% 6.3%
6.3 88.5% 98.0% 238% 11.5% 494% 6.3%
64 90.9% 97.7% 27.7% 9.1% 589% 40%
6.5 92.7% 97.2% 34.7% 73% 66.0% 2.7%
6.6 94.4% 97.0% 38.6% 5.6% 81.6% 1.1%
6.7 95.7% 96.2% 485% 43% 88.1% 0.6%
6.8 95.7% 96.2% 485% 43% 88.1% 0.6%
6.9 96.0% 96.2% 495% 40% 92.7% 03%
70 96.3% 96.0% 52.5% 3.7% 96.0% 0.2%

tFalse negative values among patients with diabetes by oral glucose tolerance test are shown. fFalse positive values among patients without
diabetes by oral glucose tolerance test are shown. NPV, negative predictive value; PPV, positive predictive value.
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Table 5 | Prevalence, positive and negative predictive value, false positive and false negative by FPG criteria and different cut-offs of A1C to screen

diabetes
Rule outt Rule inf
Prevalence (<cut-off) NPV False negative Prevalence (>cut-off) PPV False positive

FPG 556 mmol/L/A1C 53% 14.8% 99.5% 1.0% 16.1% 37.0% 10.9%
FPG 556 mmol/L/A1C 54% 22.3% 99.3% 2.0% 15.8% 37.7% 10.6%
FPG 556 mmol/L/A1C 5.5% 29.8% 99.5% 20% 154% 383% 10.2%
FPG 556 mmol/L/A1C 56% 499% 99.3% 5.0% 13.7% 41.7% 8.6%
FPG 556 mmol/L/A1C 5.7% 57.8% 99.2% 59% 12.9% 44.3% 7.8%
FPG 556 mmol/L/A1C 58% 57.8% 99.2% 595% 12.9% 44.3% 7.8%
FPG 556 mmol/L/A1C 59% 65.1% 99.2% 6.9% 12.0% 479% 6.7%
FPG 556 mmol/L/A1C 6.0% 712% 98.9% 10.9% 10.7% 53.1% 54%
FPG 556 mmol/L/A1C 6.1% 774% 99.0% 10.9% 8.2% 65.2% 3.1%
FPG 556 mmol/L/A1C 62% 79.3% 98.9% 11.9% 74% 69.3% 2.5%
FPG 556 mmol/L/A1C 63% 79.3% 98.9% 11.9% 74% 69.3% 25%
FPG 556 mmol/L/A1C 64% 80.8% 98.6% 14.9% 6.6% 76.7% 1.7%
FPG 556 mmol/L/A1C 6.5% 81.9% 98.6% 15.8% 5.9% 788% 14%
FPG 556 mmol/L/A1C 66% 82.9% 984% 17.8% 51% 87.1% 0.7%
FPG 556 mmol/L/A1C 6.7% 83.1% 984% 17.8% 4.1% 91.1% 04%
FPG 556 mmol/L/A1C 6.8% 83.1% 984% 17.8% 4.1% 91.1% 04%
FPG 556 mmol/L/A1C 69% 83.3% 98.3% 18.8% 4.0% 92.7% 0.3%
FPG 556 mmol/L/A1C 7.0% 83.3% 98.3% 18.8% 37% 96.0% 02%

tFasting plasma glucose (FPG) < 5.56 mmol/L and A1C < cut-off. £FPG > 556 mmol/L and A1C > cut-off. NPV, negative predictive value; PPV,

positive predictive value.

OGTT were 89.1 and 99.8%, respectively. In Figure 2¢c, both
FPG and A1C were applied to screen DM. FPG < 5.56 mmol/L
and A1C < 6.1% were used to exclude DM, in order to reduce
the false negative percentage (10.9%) while having good NPV
(99%). There were 18.9% of the patients who had to receive
OGTT to confirm DM. FPG 2 5.56 mmol/L and AIC = 7%
were used to rule in DM, with high PPV (96%) and a very low
percentage of false positive percentages (0.2% of total non-dia-
betic subjects). The sensitivity and specificity to diagnose DM by
OGTT were 85.2 and 100%, respectively. The performance of
combining FPG = 5.56 mmol/L and A1C = 7% to rule in DM
is identical to that of A1C alone, suggesting that HbA;. = 7%
alone did rule in diabetes, regardless of FPG levels.

DISCUSSION

In the present study, the agreement between OGTT and A1C
criteria to diagnose DM was poor; neither the ADA-proposed
cut-off of 6.5% nor the optimal cut-off of 6.1% derived from
our population. In the Korean and Chinese population, the opti-
mal cut-off for AIC to find DM defined by OGTT was also
6.1%">'°. Similar to the present results, the sensitivity and speci-
ficity for A1C were not good enough to find DM by OGTT
(Korean population 81.8 and 84.9%, Chinese population 81 and
81%). These observations suggest that A1C criteria identified
different groups of people with DM. In the present report, the
agreement between OGTT with A1C cut-off of 6.5% to diagnose
DM is higher (kappa 0.83) in those younger than 45 years than
that in those older than 45 years. Consistently, Mannucci et al."”

reported that screening of DM with A1C is more sensitive in a
younger population. Motta et al.'® also found that the perfor-
mance of A1C to diagnose DM is poorer than FPG in the
elderly. Taken together, these results show that A1C cannot
replace OGTT to diagnose DM, although its use in a younger
population might be acceptable.

We found that A1C could be used as a screening tool for the
diagnosis of DM. Two different strategies were provided
(Figure 2). If fasting is the main obstacle in screening DM, A1C
followed by OGTT strategy is recommended (Figure 2b).
Compared with IFG criteria, use of A1C cut-offs at 5.9 and
7.0% improved overall sensitivity and reduced the false negative
percentage, from 18.8 to 10.9%, with similar false positive and
false negative percentages (Figure 2a,b). However, more people
will be recommended to receive OGTT (IFG criteria 13.5%,
AIC criteria 26.5%). In the Australian population, Lu et al”
suggested cut-offs of A1C = 7.0% to rule in DM and <5.5% to
exclude DM. Following their criteria, up to 65.2% of patients
who had A1C values between 5.5 and 7.0% were recommended
to have OGTT, which can be practically difficult and might be
not cost-effective.

In contrast, if fasting is not a concern, the present results
showed that A1C could improve the performance of FPG as the
first-step screening tool (Figure 2¢c). Compared with IFG criteria
(Figure 2a), FPG and A1C criteria improved overall sensitivity,
reduced the false negative percentage from 18.8 to 10.9%, had
similarly good PPV and NPV, and had a little more OGTT
required (IFG criteria 13.5%, FPG and A1C criteria 18.9%).

© 2011 Asian Association for the Study of Diabetes and Blackwell Publishing Asia Pty Ltd
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(@ FPG
< 100 mg/dL 100-126 mg/dL > 126 mg/dL
(< 5.6 mmol/L) (5.6-7.0 mmol/L) (= 7.0 mmol/L)
83.3% 13.5% 32%

(NPV 98.3%) (PPV 100%)

DM OGTT DM
ruled-out diagnosed
1.4%
| NobM | [ bMm ]

(18.8% of all DM)

(b) HbA1c

<5.9% 5.9-6.9% >7.0%
69.8% 26.5% 3.7%
(NPV 98.8%) (PPV 96.0%)
DM OGTT DM
ruled-out diagnosed
69.0% 0.8% 0.1% 3.6%
| NoDM | [ DM ] | NoDM | [ DM |
(10.9% of all DM) (0.2% of all non-DM)
(c) FPG + HbA1c
{
FPG < 100 mg/dL !
(< 5.6 mmol/L) Others HbATc > 7.0%
and HbATc < 6.1%
77.4% 18.9% 3.7%
(NPV 99,0%) 77 (PPV 96.0%)
DM
oer o
57.8% 19.6% diagnosed

HbATc <5.7% HbA1c 5.7-6.0%

57.3% 0.4% 19.2% 0.4%
No DM | oM | ‘NODM| ‘ OM | (0.2% of all non-DM)

(5.9% of all DM) (5.0% of all DM)

Figure 2 | Different screening strategies to find diabetes by OGTT.
(a) By impaired fasting glucose criteria, that is, fasting plasma glucose
(FPG) 5.56-7.0 mmol/L. The sensitivity and specificity for this strategy
were 77.2 and 100%, respectively. (b) By A1C cut-offs at 5.9 and 7%.
The sensitivity and specificity for this strategy were 89.1 and 99.8%,
respectively. (c) By FPG cut-off at 556 mmol/L and A1C cut-offs at 6.1
and 7%. The sensitivity and specificity for this strategy were 85.2 and
100%, respectively.

Similarly, combining FPG and A1C as a screening tool has been
suggested to improve the diagnostic performance and to reduce
the need of OGTT'®'*°, In the Chinese population, Ko et al*

suggested that patients with a FPG range of 5.6-7.7 mmol/L
and A1C = 5.5% should receive OGTT to confirm DM. In a
multi-ethnic study, FPG > 5.7 mmol/L and A1C > 5.9% yielded
a sensitivity of 78.6% and a specificity of 95.9% for the Chinese
population (n = 307)"°. Hu et al.'® also reported a high specific-
ity of 96.3% combining FPG = 6.1 mmol/L or A1C = 6.1% to
screen DM. Most previous studies provided a single cut-off of
AI1C instead of using two different cut-offs to rule in and rule
out DM. In the UK and the Australian populations, Manley
et al. provided an algorithm to diagnose DM using FPG and
A1C as initial screening tools. DM was confirmed if FPG > 7
mmol/L, whereas DM was excluded if FPG < 7 mmol/L and
A1C < 6.0%. Those with FPG <7 mmol/L and A1C > 6.0%
were recommended to receive the OGTT?'. These criteria are
similar to our suggestions in Figure 2c.

In the present study, patients who met the A1C criteria, but
not the OGTT criteria, had lower FPG and 2-h PG, suggesting
that the addition of A1C criteria helps to identify people with
hyperglycemia earlier in their time course. Although adding
AIC criteria as screening costs more money, early identification
of these patients and subsequent early intervention might reduce
diabetic complications. The cost-benefit issue should be studied
in longitudinal follow-up studies.

A very low agreement among A1C ranged 5.7-6.4%, IFG and
IGT were found in the present study. The test performance of
A1C criteria against IFG or IGT was also poor, which is consistent
with previous studies in the USA®*, Australian > and Chinese
populations'®. Therefore, the A1C criteria of 5.7-6.4% might
identify a different population at risk of DM from IFG and IGT
criteria, and should not be viewed as a replacement for OGTT.

There were some limitations in the present study. First, there
were differences in the distribution of age and sex between
the present study subjects and whole Taiwanese population.
Although age, but not sex, is a risk factor for isolated postpran-
dial hyperglycemia®*, using only one criterion is more practical
than using different criteria in different age groups. Indeed, there
is only one criterion for the diagnosis of diabetes and prediabe-
tes, by both the ADA and the EASD. Therefore, we think it’s
acceptable to use current cut-offs and the flow charts in the
present report. If age and other risk factors are of concern, we
have also provided four different risk scores to determine if
OGTT is needed in a previous report’’. Second, we did not
assess if the subjects had hemoglobinopathies in the present
study. Although this is more likely to be the real clinical situa-
tion, care should be taken in applying the findings of the present
study.

In conclusion, using A1C < 5.9% to exclude and A1C > 7.0%
to diagnose DM by OGTT is more sensitive than using
FPG < 5.56 mmol/L to exclude and FPG > 7.0 mmol/L to diag-
nose DM, with more OGTT needed. Using A1C < 6.1% plus
FPG < 5.56 mmol/L to exclude and A1C = 7.0% to diagnose
DM by OGTT reduced the number of OGTT needed with
acceptable sensitivity. However, there is no single cut-off for
A1C to replace OGTT to diagnose DM, IFG and IGT.
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