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Abstract

Background: Europeans and Americans are gradually accepting the hemoglobin Alc (HbAlc) threshold of
6.5% for diagnosing diabetes proposed by the American Diabetes Association, but the cutoff of HbAlc for the
Chinese population is unclear. We evaluated the diagnostic efficiency of HbAlc for diagnosing newly diag-
nosed diabetes and prediabetes in community-based Chinese adults 40 years of age or older.

Subjects and Methods: In this study 8,239 subjects (5,496 women) 40-90 years of age underwent HbA1c and oral
glucose tolerance test measurement after an overnight fast. Diabetes and prediabetes were defined by the World
Health Organization criteria. The area under the receiver operating characteristic curve (AUC) was used to evaluate
the diagnostic efficiency of HbAlc, and the optimal cutoff was defined as the point on the receiver operating
characteristic curve with the largest Youden index. Spearman correlation was used for correlation analysis.
Results: The prevalence of newly diagnosed diabetes and prediabetes was 10.7% (880/8,239) and 19.0%
(1,564/8,239), respectively. Fasting plasma glucose and postprandial plasma glucose were positively correlated
with HbAlc level (r=0.725 and r=0.673, both P <0.001, respectively). For diagnosing diabetes, the AUC was
0.857 (95% confidence interval, 0.841-0.873), and the optimal cutoff for HbAlc was 6.3%, with the largest
Youden index being 0.581. For diagnosing prediabetes, the AUC was 0.681 (95% confidence interval, 0.666—
0.697), and the optimal cutoff for HbAlc was 5.9%, with the largest Youden index being 0.280.
Conclusions: An HbAlc threshold of 6.3% was highly valuable for diagnosing newly diagnosed diabetes, and a
value of 5.9% was weakly valuable for diagnosing prediabetes in community-based Chinese adults 40 years of
age or older.

Introduction

THE PREVALENCE OF TYPE 2 DIABETES in China is in-
creasing as a result of the improved lifestyle and popu-
lation aging. Among adults 20 years of age or older in China,
an estimated 92.4 million have diabetes, and 148.2 million
have prediabetes.' It is alarming that approximately 60% of
diabetes has not been diagnosed.'” The onset of diabetes
occurs at least 4-7 years before the clinical diagnosis, and
more than 20% of people have diabetic retinopathy at the

time of diagnosis.” However, an improved lifestyle could
prevent the onset of type 2 diabetes or delay its progres-
sion.* Therefore, early diagnosis and intervention are of
paramount importance.

Hemoglobin Alc (HbAlc) reflects the 2—3-month mean
plasma glucose level with low short-term variability.® HbAlc
level has been the ‘“‘gold standard™ of glucose control for
decades and is more intimately related to the risk of com-
plications than a single or episodic measurement of glucose
levels.” However, clinical practice recommendations from
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the American Diabetes Association, the European Association
for the Study of Diabetes, and the International Diabetes
Federation have incorporated HbAlc for diagnosing diabetes
mellitus.®? Although the initiative was supported by the results
of many large-scale cross-sectional epidemiological surveys,
whether HbAlc can move from a diabetes monitoring indi-
cator to a diagnostic indicator is the focus of debate.

Europeans and Americans are gradually accepting the
HbA Ic threshold of 6.5% for diagnosing diabetes proposeded
by the American Diabetes Association,® but the cutoff of
HbAIc for the Chinese population is unclear. We aimed to
evaluate the diagnostic efficiency of HbAlc for newly di-
agnosed diabetes and prediabetes (both impaired fasting
glucose and impaired glucose tolerance) in community-based
Chinese adults 40 years of age or older.

Subjects and Methods
Study design and subjects

The present work was one part of the baseline survey from
the REACTION Study investigating the association of dia-
betes and cancer, which was conducted among 259,657
adults, 40 years of age or older, in 25 communities across
mainland China, from 2011 to 2012.'°"'? During February
and March 2012, we investigated 10,028 subjects (6,458
women) 40-90 years of age from four urban communities
(one from Jinan city and three from Jining city) in Shandong
Province, China. The average response rate was 91.5%. In the
present study, we excluded 1,789 subjects with previously
diagnosed diabetes (n=1,624), cancer (n=106), gastroin-
testinal surgery (n=12), splenectomy (n=5), chronic liver
disease (n=21), end-stage renal disease (n=3), or gluco-
corticoid treatment (n=18). Finally, 8,239 subjects (5,496
women) were eligible for the analysis. The institutional re-
view board at the Department of Endocrinology and Meta-
bolic Disease, Ruijin Hospital, Shanghai Jiaotong University
School of Medicine approved the study protocol. All the
subjects gave their informed consent.

Data collection

A standard questionnaire was used to obtain data on de-
mographic characteristics and lifestyle by face-to-face in-
terviews. All investigators received extensive training
relative to the study questionnaire and outcome measures
before conducting the investigation. Data were collected on
family history of diabetes and history of coronary heart dis-
ease or stroke. The anthropometric data collected included
height, weight, and blood pressure. Body mass index was
calculated by weight (kg) divided by height squared (m?).
Blood pressure was measured on the right arm three times
consecutively at 1-min intervals; the mean of the three
measurements was used for analysis.

Blood samples were collected in the morning after at least
10h of overnight fasting and 2h after a 75-g oral glucose
tolerance test and assayed by the glucose oxidase method
with use of an automatic clinical chemistry analyzer. HbAlc
was determined on ion-exchange high-performance liquid
chromatography with use of an automatic glycated hemo-
globin meter (Variant™; Bio-Rad, Hercules, CA). Levels of
serum triglycerides, total cholesterol, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol, and creati-
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nine were determined by the phosphoglycerol oxidase
method, colorimetric enzyme assay, homogeneous assay,
homogeneous assay, and picric acid method, respectively.
All clinical features were measured following a standardized
manual of operations.

Definitions and diagnostic criteria

According to 1999 World Health Organization diagnostic
criteria,'® newly diagnosed diabetes was defined as a fasting
plasma glucose level of >7.0 mmol/L and/or 2-h postpran-
dial plasma glucose level of >11.1 mmol/L. Prediabetes
features impaired fasting glucose and impaired glucose tol-
erance. Impaired fasting glucose was defined as a fasting
plasma glucose level of 26.1 mmol/L and < 7.0 mmol/L and
a 2-h postprandial plasma glucose level of <7.8 mmol/L.
Impaired glucose tolerance was defined as a fasting plasma
glucose level of <7.0mmol/L and a 2-h postprandial plasma
glucose level of =7.8 mmol/L and <11.1 mmol/L.

Statistical analysis

Continuous variables with normal distribution were ex-
pressed as mean®SD values, and variables with skewed
distribution were expressed as median values with inter-
quartile range and logarithmically transformed to satisfy
normal distribution for statistical analysis. Categorical vari-
ables are described with number (proportion). Differences in
means among groups were tested by univariate analysis of
variance, and those in frequencies were tested by 7> test.
Correlation was examined by Spearman’s correlation anal-
ysis. The area under the receiver operating characteristic
curve (AUC) was determined to evaluate the diagnostic ef-
ficiency of HbAlc for newly diagnosed diabetes and predi-
abetes. Diagnostic testing determined sensitivity, specificity,
positive predictive value, and negative predictive value. The
point with the largest Youden index, equal to (sensitivi-
ty + specificity — 1), was defined as the optimal cutoff. SPSS
version 21.0 software (SPSS, Inc., Chicago, IL) was used for
data analyses. Two-sided P <0.05 was considered statisti-
cally significant.

Results

Table 1 shows the characteristics of study participants
divided into three groups (normoglycemia, prediabetes, and
newly diagnosed diabetes), according to diagnosis by oral
glucose tolerance test. The prevalence of newly diagnosed
diabetes and prediabetes was 10.7% (880/8,239) and 19.0%
(1,564/8,239), respectively. The three groups differed sta-
tistically in all characteristics but sex ratio. Although there
were more females than males in all three groups, this does
not reflect the sex ratio in the population but rather the
willingness to participate.

Fasting plasma glucose and postprandial plasma glu-
cose were positively correlated with HbAlc (r=0.725 and
r=0.673, both P<0.001). HbAlc was a highly predictive
factor for identifying newly diagnosed diabetes and a rela-
tively weak variable for diagnosing prediabetes (Figs. 1 and 2
and Table 2). For diagnosing diabetes, the AUC was 0.857
(95% confidence interval, 0.841-0.873), and with the larg-
est Youden index of 0.581, the optimal cutoff for HbAlc
was 6.3%, with sensitivity of 72.2%, specificity of 85.9%,
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TABLE 1. BASELINE CHARACTERISTICS FOR SUBJECTS WITH NORMOGLYCEMIA, PREDIABETES,
AND NEWLY DIAGNOSED DIABETES BY ORAL GLUCOSE TOLERANCE TEST
Normoglycemia Prediabetes Newly diagnosed

(n=>5,795) (n=1,564) diabetes (n=880) P value
Age (years) 57.11+£9.79 60.04+9.87 60.88+9.78 <0.01
Women 3,874 (66.9%) 1,042 (66.6%) 580 (65.9%) 0.856
Family history of diabetes 681 (11.8%) 213 (13.6%) 142 (16.1%) <0.01
History of coronary heart disease 435 (7.5%) 190 (12.1%) 184 (20.9%) <0.01
History of stroke 49 (0.8%) 28 (1.8%) 25 (2.8%) <0.01
BMI (kg/mz) 25.86+3.41 26.56+3.48 27.20%+3.37 <0.01
Systolic blood pressure (mm Hg) 137.26+£20.42 140.82+20.61 145.79+20.22 <0.01
Diastolic blood pressure (mm Hg) 79.53+11.51 80.96£11.52 82.64+12.26 <0.01
HbAlc (%) 5.75+0.42 6.05+£0.53 7.27+£1.63 <0.01
Fasting plasma glucose (mmol/L) 5.23+0.46 6.14+0.51 8.36£2.40 <0.01
Postprandial plasma glucose (mmol/L) 5.36+1.06 7.57+1.68 12.20+4.26 <0.01
Triglycerides (mmol/L) 1.24 (0.89, 1.75) 1.41 (1.01, 1.97) 1.58 (1.12, 2.22) <0.01
Total cholesterol (mmol/L) 5.31£0.95 5.51+£1.03 5.61+£1.03 <0.01
HDL cholesterol (mmol/L) 1.53+£0.34 1.49+£0.34 1.43+£0.31 <0.01
LDL cholesterol (mmol/L) 3.10+£0.80 3.27+£0.87 3.36+£0.87 <0.01
Creatinine level (umol/L) 64.10+10.31 65.75+1 0.74 67.91%x11.66 <0.01

Data were expressed as mean=®SD values (for variables with normal distribution), median value with interquartile range (for variables
with skewed distribution), or number with percentage (for categorical variables) as indicated. Difference in means between groups was
tested using univariate analysis of variance and in frequencies using the y> test.

BMI, body mass index; HbAlc, hemoglobin Alc; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

positive predictive value of 0.378, and negative predictive
value of 0.963. For diagnosing prediabetes, the AUC was
0.681 (95% confidence interval, 0.666-0.697), and with the
largest Youden index of 0.280, the optimal cutoff for HbAlc
was 5.9%, with sensitivity of 64.5%, specificity of 63.5%,
positive predictive value of 0.317, and negative predictive
value of 0.867.
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FIG. 1. Receiver operating characteristic curve for de-

tecting newly diagnosed diabetes by hemoglobin Alc level.
The area under the receiver operating characteristic curve
was 0.857 (95% confidence interval, 0.841-0.873) for di-
agnosing diabetes.

Discussion

For decades, HbAlc has been recommended only as the
gold standard of glucose control, which is an independent
predictor of cardiovascular events in patients with diabetes
and in individuals without diabetes.'* However, the January
2010 clinical practice recommendations from the American
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FIG. 2. Receiver operating characteristic curve for de-
tecting prediabetes by hemoglobin Alc level. The area un-
der the receiver operating characteristic curve was 0.681
(95% confidence interval, 0.666-0.697) for diagnosing
prediabetes.
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TABLE 2. SENSITIVITY, SPECIFICITY, POSITIVE PREDICTIVE VALUE, NEGATIVE PREDICTIVE VALUE, AND YOUDEN
INDEX FOR DETECTING NEWLY DIAGNOSED DIABETES AND PREDIABETES AT DIFFERENT HEMOGLOBIN
Alc THRESHOLDS BY RECEIVER OPERATING CHARACTERISTIC CURVE

Newly diagnosed diabetes Prediabetes
Positive  Negative Positive  Negative
HbAlc predictive predictive Youden predictive predictive Youden
level (%) Sensitivity Specificity — value value index Sensitivity Specificity  value value index
5.6 94.8% 27.1% 0.135 0.977 0.219 84.7% 30.3% 0.247 0.880 0.150
5.7 92.6% 36.7% 0.149 0.977 0.293 78.6% 40.9% 0.264 0.876 0.195
5.8 90.2% 47.3% 0.170 0.976 0.375 71.2% 52.4% 0.287 0.871 0.236
5.9° 87.3% 56.8% 0.195 0.974 0.441 64.5% 63.5% 0.317 0.867 0.280
6.0 84.7% 65.9% 0.229 0.973 0.506 56.0% 71.8% 0.350 0.859 0.278
6.1 80.9% 73.8% 0.270 0.970 0.547 48.1% 79.5% 0.390 0.851 0.276
6.2 76.9% 80.4% 0.319 0.967 0.573 40.0% 85.9% 0.433 0.841 0.259
6.3° 72.2% 85.9% 0.379 0.963 0.581 31.6% 90.6% 0.475 0.831 0.222
6.4 68.0% 90.0% 0.449 0.959 0.580 24.4% 93.9% 0.520 0.822 0.183
6.5 63.9% 92.8% 0.516 0.956 0.567 18.7% 95.9% 0.553 0.814 0.146

“Hemoglobin Alc (HbAlc) threshold found for prediabetes.
PHbA ¢ threshold found for newly diagnosed diabetes.

Diabetes Association advocated the use of HbAlc for the
diagnosis of diabetes.® According to the recommendation, an
HbA Ic threshold of 6.5% is considered diagnostic of diabe-
tes, and subjects with an HbAlc level between 5.7% and
6.4% are considered at high risk of developing this condition.
This HbAlc threshold has been accepted by Europeans and
Americans. However, the cutoff of HbAlc for diagnosing
diabetes in Chinese people is not clear.

We found an HbAlc threshold of 6.3% highly valuable
for detecting undiagnosed diabetes. Our research result
was supported by the same HbA 1c threshold for detecting
undiagnosed diabetes found for Shanghai adults, which
demonstrated sensitivity and specificity of 63% and 96%,
respectively.'® Other studies in East Asia countries showed
an optimal HbA 1c¢ cutoff for diagnosing diabetes of 5.6% in
Japan'® and 5.9% in Korea.'” In a Middle Eastern popula-
tion, researchers found an HbAlc threshold of 6.4%.'8
Therefore, HbAlc criteria for diagnosing diabetes in dif-
ferent populations are needed.

In screening newly diagnosed diabetes by the HbAlc
threshold of 6.5% from the American Diabetes Association,8
we found a sensitivity of 63.9% and a specificity of 92.8%.
Therefore, an HbAlc threshold of 6.3% may be used for
diagnosing diabetes in community-based Chinese adults 40
years of age or older; this value provided the optimum bal-
ance of sensitivity (72.2%) and specificity (85.9%) and had
the largest Youden index (0.581). However, people with an
HbAlc level of <6.3% may still be at risk, depending on the
presence of other risk factors of diabetes.

For diagnosing prediabetes in our study, the AUC was
0.681 (95% confidence interval, 0.666-0.697), and the opti-
mal HbAlc threshold was 5.9%, with sensitivity of 64.5%
and specificity of 63.5%. Therefore, HbAlc was a relatively
weak diagnostic tool to detect prediabetes. This result was
similar to another survey of community dwellers in Beijing,
which found an optimal HbA 1c cutoff of 5.7%, with sensitivity
of 59.4% and specificity of 73.9% for diagnosing prediabe-
tes.'” Although the subjects with a diagnosis of prediabetes
by HbAlc showed more differences than detection by im-
paired fasting glucose, the predictive value for progression

to diabetes was similar to that assessed by impaired fasting
glucose alone.® An HbAlc value of >6.0% may be a clin-
ically useful marker to identify people at risk for the devel-
opment of diabetes and also cardiovascular disease and
death.'*

Our survey was a cross-sectional epidemiological study,
without long-term follow-up, and the results should be veri-
fied by more studies with larger samples. Because of the
epidemiological nature of our investigation, the possibility of
residual confounding cannot be completely eliminated. Some
diseases, such as anemia, could influence HbA1c test results,
but we did not detect blood cell classification. Moreover,
HbAc cannot reflect changes in plasma glucose levels in the
short term; thus, diagnosing diabetes by HbAlc alone may
miss patients with a diabetes course of <3 months.

Nevertheless, despite the controversies concerning its
practical application, HbAlc appears to be a reliable tool for
detecting undiagnosed diabetes and prediabetes. HbAlc
could be used as a single diagnosing test to detect newly
diagnosed diabetes and prediabetes in community-based
Chinese adults 40 years of age or older in Shandong Province,
China. An HbAc threshold of 6.3% was highly valuable for
detecting undiagnosed diabetes, and 5.9% was relatively
weakly valuable for detecting prediabetes.
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