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Abstract
Objective: Explore the distribution of basic characteristics of high-risk groups of diabetes; verify the practical significance and
diagnostic value of the “three-point method”; layered analysis of glycated hemoglobin and glycated serum albumin, and study its
value and significance in the diagnosis of diabetes mellitus, Type II and pre-diabetes mellitus, Type II.
Methods: 1304 high-risk individuals with T2D in Shanghai, 529males and 841 females with an average of (50.5 ± 15.2) years old,
were examined by oral glucose tolerance test (OGTT), HbA1c and GA were determined. Process the data by Python and
GraphPad; judge the diagnostic value of HbA1C, GA by ROC.
Results: (1) The numbers of DM, NGT, HOG, IFG, Mild–IGT and Mid–IGT in the objects were 647, 141, 70, 4, 208 and 234
respectively. In the 43-49 age group with a higher incidence, the proportion of selected high-risk groups is low. (2) The
sensitivity and specificity about “three-point method” used to determine NGT is 100% and 90.11%; to determine IGR is 75.11%
and 97.32%; to determine HOG is 97.14% and 100%; to determine DM is 94.67% and 100%. (3) According to ROC judgment, it
is found that these 2 did not have the function of separate diagnoses, the optimal critical point of HbA1C related to DM status is
5.95%, (P<.01); HbA1C related to IGR status is 5.75% (P<.01); of GA related to DM status is 15.25% (P<.01); GA related to IGR
status is 14.95% (P<.01).
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What do We Already Know About
This Topic?

T2D is a heterogeneous disease, characterized by insufficient
insulin secreted by pancreatic beta cells in the case of im-
paired insulin sensitivity, which is called insulin resistance,
and OGTT has been used as the most accurate and direct
experimental method for the diagnosis of diabetes.

How Does Your Research Contribute to
the Field?

A simplified T2D diagnosis method–“three-point method” was
proposed, which has lower cost and simpler steps compared
with traditional OGTT, and may be suitable for screening di-
abetic patients from a large number of high-risk groups.
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What Are Your Research’s Implications
Towards Theory, Practice, or Policy?

Targeted screening of high-risk DM people over the age of 42
by “three-point method”, based on pre-diabetes found that
patients, have high clinical and economic significance.

Introduction

Since the 21st century, increasing type 2 diabetes (T2D)1,2

has become a global public health concern. Although the
mortality rate of diabetes-related complications has improved
significantly, it is mainly reflected in the decline of the fol-
lowing events: cardiovascular disease,3 cerebrovascular
disease,4 diabetic nephropathy,5 diabetic lower limb ampu-
tation.6 Despite this, the prevalence of diabetes has not been
well controlled. T2D is a heterogeneous disease, character-
ized by insufficient insulin secreted by pancreatic beta cells in
the case of impaired insulin sensitivity, which is called insulin
resistance.7 Previously, T2D was most prevalent in affluent
Western countries; however, it currently exists worldwide.8

According to the latest report from IDF Diabetes atlas,9 an
estimated 463 million adults (aged 20-79) worldwide suffer
from diabetes, accounting for 9.3% of the world’s total
population in this age group at present, this number is ex-
pected to reach 578 million (10.2%) and 700 million (10.9%)
respectively By 2030 and 2045. In terms of health expen-
diture, annual global health expenditure on diabetes is esti-
mated at $ 760 billion. Expected expenditure in this area will
reach $ 825 billion by 2030, and this figure will reach $ 845
billion by 2045.

The World Health Organization (WHO), International
Diabetes Federation (IDF),10-12 American Diabetes Asso-
ciation (ADA),13 European Association for the Study of
Diabetes (EASD),14 and Canadian Diabetes Association
(CDA)15 continually revise the diagnosis and treatment
guidelines for diabetes, especially for pre-diabetes16 and
early diabetes management,17 and put forward new diag-
nostic and intervention requirements: Fasting blood glu-
cose, 2 hours postprandial blood glucose,18 and glycated
hemoglobin,19 glycated serum albumin20 (some guidelines
and recommendations) are used as diagnostic criteria for
diabetes. OGTT has been used as the most accurate and
direct experimental method for the diagnosis of diabetes.
Briefly, while venous fasting blood glucose is less than
6.1 mmol/L, and the postprandial blood glucose (PBG) is
less than 7.8 mmol/L, it means that the human body has a
normal ability to regulate blood sugar after eating glucose,
and it is a normal person (NGT); While the venous fasting
blood glucose ≥ 7.0 mmol/L or the PBG ≥ 11.1 mmol/L, it
indicates that the body’s ability to process glucose after
eating is significantly reduced, and diabetes can be diag-
nosed (DM); While the venous fasting blood glucose is less
than 7.0 mmol/L, and the PBG is between 7.8-11.1 mmol/L,
it indicates that the human body’s ability to regulate glucose

is slightly decreased, and impaired glucose tolerance can be
diagnosed (IGT); While the venous fasting blood glucose is
between 6.1-7.0 mmol/L, and the PBG is less than or equal
to 7.8 mmol/L, it means that the human body has a good
ability to regulate blood sugar after eating glucose, but the
ability to regulate fasting blood sugar is slightly reduced,
which diagnosing impaired fasting glucose (IFG), mean-
while, according to the previous study,21 IGT can be
subtyped as mild-IGT and mid-IGT; while any blood sugar
level is below 3 mmol/L, the diagnosing impaired as hy-
poglycemia (HOG). However, the method is more tedious,
it takes a long time to check, the reproducibility is poor, and
the coefficient of variation is large. Therefore, the feasibility
of large-scale population screening has been questioned.22

To explore a low-cost way to screen large numbers of
high-risk individuals for diabetes, this study used a retro-
spective study and was selected for the basic information and
blood glucose-related indicators of 1304 patients at high risk
for diabetes in recent years. Statistically analysis the distri-
bution of age, gender, and other characteristics of the high-
risk groups of diabetes participating in the test, and find out
the basic rules of them; analyze the value of various time
points in OGTT for assessing the stage of diabetes and try to
propose more clinically meaningful detection methods;
stratified analysis by glycated hemoglobin, glycated serum
albumin, research its value and significance in the diagnosis
of diabetes and pre-diabetes. Through sample analysis,
simulation diagnosis, and other methods, a simplified T2D
diagnosis method was proposed, which has lower cost and
simpler steps compared with traditional OGTT, and may be
suitable for screening diabetic patients from a large number of
high-risk groups.

Methods

Research Objects

A total number of 1304 patients were screened for the high-
risk DM group by the Department of Endocrinology, Tongren
Hospital affiliated to Shanghai Jiaotong University From
January 2011 to October 2018. The study population met at
least one of the following criteria: (1) Family history of
diabetes; (2) BodyMass Index (BMI) ≥ 24 kg/m2; (3)Women
with a large child delivery history (neonatal weight ≥ 4 kg);
(4) FPG (fasting plasma glucose)≥ 6.1 mmol/L; (5) High
blood pressure, or are taking antihypertensive drugs; (6) Lipid
metabolism disorders, or taking lipid-lowering drugs. All
subjects underwent OGTT, and the subjects excluded liver,
kidney, and other endocrine and metabolic diseases, and no
acute infection. All subjects were divided into normal glucose
tolerance (NGT) group, hypoglycemia (HOG) group, im-
paired glucose regulation (IGR) group, and diabetic Mellitus
(DM) group according to the 1999 DM diagnostic criteria of
the World Health Organization (WHO) and the department.
IGR group can be subdivided into impaired fasting glucose
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(IFG) group, mildly impaired glucose tolerance (Mild-IGT)
group, and middle impaired glucose tolerance (Mid-IGT)
group.

Oral Glucose Tolerance Tests

The test refers to the National Clinical Laboratory Practice
(4th edition),23 briefly, the tester took venous blood on an
empty stomach in the morning, and the FPG test was per-
formed by the hexose kinase method, which was detected by
Roche P800 automatic biochemical analyzer (2011-2017.11)
and Siemens ADVIA2400 automatic biochemical analyzer
(2017.11-2018.10). Then, 75 g of anhydrous glucose was
orally administered, and blood glucose was measured by
taking venous blood at 0.5h (.5-hour postprandial blood
glucose, 0.5h PG), 1h (1-hour postprandial blood glucose, 1h
PG), 2h (2-hour postprandial blood glucose, 2h PG) and 3h
(3-hour postprandial blood glucose, 3h PG) after the sugar
load. Serum separator tubes (SST) were used for blood
collection and measurement of glucose at each time point
without delay. Glycosylated Hemoglobin (HbAlc) was ana-
lyzed by high-pressure liquid phase method using TOSOH
syemex G8 detector; glycated serum albumin (GA) was de-
tected and analyzed by Asahi Kasei Manufacturing Co., Ltd
reagent and analyzer. Tests were performed in the center by
specialist nurses and technicians.

Statistical Processing

The original data were processed and filtered by Python 3.6,
statistics were performed by SPSS 13.0 and GraphPad Prism
7.0. The measurement data were expressed in terms of the
amount ± s. Simple correlation used Pearson correlation
analysis. The subject characteristic working curve (ROC
curve) was used to analyze the HbAlC, GA value and de-
termine the sensitivity and specificity of DM.

Results

Basic Clinical Data of the Research Objects

There were 529 males and 841 females (including 66
pregnant women), with an average of (50.5 ± 15.2) years old.
Since the execution of pregnant women in the clinical di-
agnostic criteria independent of blood sugar, and taking into
account not statistically significant in number, so choose in
the process of screening DM excluded 66 cases of pregnant
women. On this basis, FPG is (5.89 ± 1.81) mmol/L; 0.5h PG
is (10.10 ± 2.73) mmol/L; 1h PG is (11.26 ± 4.12) mmol/L; 2h
PG is (9.63 ± 4.65) mmol/L; 3h PG is (6.7 ± 3.88) mmol/L.
According to OGTT, 647 cases were diagnosed as DM, 298
males, and 349 females; 141 cases were diagnosed as NGT,
33 males, and 108 females; 70 cases were diagnosed as HOG,
38 males, and 32 females; 4 cases were diagnosed as IFG, 2
males, and 2 females; 208 cases were diagnosed asMild–IGT,

72 males, and 136 females; 234 cases were diagnosed as
Mid–IGT, 86 males, and 148 females.

Age and Gender Distribution Characteristics of the
Study Population

As is shown in Figure 1(A), the high-risk population of
diabetes is mainly concentrated in the 30-70 age group, and
the proportion of women in the 20-40 age group is greater
than that of men. The main reason may be that some women
in this age group need to undergo pre-pregnancy examina-
tion, pre-production inspection, and post-production exam-
ination. Among people over 70 years of age, the number of
high-risk groups participating in the test decreased as the
number of confirmed diabetes and mortality increased. It is
interesting to note that, according to our statistics, there is a
trough in the 40-49 age group. The main reason is that in
China, most young people will face a pre-employment
medical examination at the age of 24 to 30, and people
around 55 will undergo a comprehensive medical exami-
nation before retirement.

Given this, we conducted further statistics and analysis of
the diagnosis of the 40-59 age group. In Figure 1(B), for the
proportion of people diagnosed with diabetes and pre-diabetes
(DM + IGR), 41-42 age groups were below the average of the
entire objects; for the 43-49 age groups, the proportion of
people diagnosed with diabetes and pre-diabetes were above
the average of the entire objects as a whole.

The Chinese Medical Association Endocrinology Branch
(CSE) in the CSE Consensus24 lieutenant divided the high-
risk population of diabetes into 2 parts—the high-risk group
with normal blood sugar and the pre-diabetes group. In this
case, the high-risk group of blood glucose is defined as one of
the criteria for age ≥ 40 years old, and as is shown, with
increasing age, the progression of diabetes was on the rise.
The overall trend is consistent with our previous experience
and speculation is consistent.

Therefore, it is important to strengthen the management of
blood glucose testing in the high-risk population of 40-59
years old. At the same time, over 43 years of age is a sig-
nificant node in the increased rate of diabetes and pre-
diabetes, and through data feedback in many places
around the world, the incidence of diabetes in men is higher
than that of women. Based on the above, compared with 40-
59 years old, strengthening the management of blood glucose
testing in high-risk populations aged 43-49, especially for the
men, maybe more clinically and economically significant.

Evaluation Value of Each Blood Glucose Period
in OGTT

Diagnostic Value with FPG, 1h PG, and 3hPG. FPG is the most
intuitive and simple method for blood glucose measurement,
and its diagnostic significance is unquestionable. During
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fasting, to maintain normal blood sugar levels, the body will
secrete hormones to promote blood sugar rise, and also af-
fected by physiological factors, blood sugar will be main-
tained at a certain level. Because of this mechanism of the
body, FPG is more accurate in diagnosing diabetes.

From the OGTT curve analysis and point distribution
(Figure 2), a large part of the peak blood glucose will fall
within 1h PG (A-B), and this phenomenon becomes more
pronounced as diabetes progresses (C-F). In theory, the state
of reflecting diabetes and impaired glucose tolerance in 1h PG
should be more sensitive than 0.5h PG and 2h PG, which may
be more accurate for screening of patients with diabetes and
impaired intermediate glucose tolerances, it is consistent with
previous research theories.25

Through statistics and calculations, for the time point
that blood glucose level less than 3.0 mmol/L (G), the
occurrence of 3h PG accounts for 90.1%, and most of them
appeared in the HOG group. It can be judged that 3h PG is
an important indicator for identifying HOG from the re-
search objects.

Correlation of FPG-1h PG and FPG-3h PG. To verify the cor-
relation between the 3 points, Person correlation linear
analysis was performed on FPG-1h PG and FPG-3h PG
respectively. In Figure 3, Pearson correlation analysis showed
that 1h PG significantly positively correlated with FPG
(R2=.6226, P<.01), correlation linear equation: Y=1.779*X +
.8102; 3h PG were significantly positively correlated with
FPG (R2=.5837, P<.01), correlation linear equation:
Y=1.612*X �2.669.

The Evaluation Value of the “Three-Point Method” in
OGTT. Based on the above results, the objects were evaluated
by the “Three-Point Method” (FPG, 1h PG, 3h PG), and the
traditional OGTT diagnosis results are used as the “gold
standard” to verify it.

The TP (True-Positive), FP (False-Positive), TN (True-
Negative) and FN (False-Negative) for each groups’s diag-
nosis has shown in Figure 4, for NGT diagnoses, TP = 141,
FP = 115, TN = 1048, FN = 0; for IGR diagnoses, TP = 335,
FP = 23, TN = 835, FN = 111; for HOG diagnoses, TP = 68,

FP = 0, TN = 1234, FN = 2; for DM diagnoses, TP = 622, FP
= 0, TN = 657, FN = 25.

The above data could be used to calculate the SENS
(Sensitivity), SPEC (Specificity), PPV (Positive Predictive
Value), NPV (Negative Predictive Value) and ACC (Accu-
racy), detailed calculation quations:

SENS ¼ TP

TPþ FN
× 100% (1)

SPEC ¼ TN

TNþ FP
× 100% (2)

PPV ¼ TP

TPþ FP
× 100% (3)

NPV ¼ TN

TPþ FP
× 100% (4)

ACC ¼ TPþ TN

TPþ TNþ FPþ TN
×100% (5)

The calculated results were reflected in Table 1, and we
can be obtained from the table that for HOG and DM, the
three-point method showed excellent diagnostic values
(SENS = 97.14%, 94.67%; SPEC = 100%, 100%; PPV =
100%, 100%; NPV = 99.84%, 96.33%; AAC = 99.85%,
98.08%). For NGT and IGR, the three-point method
showed good diagnostic values (SENS = 100%,75.11%;
SPEC = 90.11%, 97.32%; PPV = 55.08%, 93.58%; NPV =
100%, 88.27%; AAC = 91.18%, 89.72%). PPV(NGT) =
55.08% attributed to individual differences, briefly the
blood sugar of some patients can’t reach the peak value of
1h PG, which leads to some DMs being identified as NGT in
the process of simulation diagnosis. Besides, in Mild – IGT
group, the peak of OGTT to some objects had fallen at the
node of 0.5h PG. Nevertheless, the “three-point method”
that proposed in this article still has a high potential di-
agnostic value in clinical.

Diagnostic Values of HbA1c on DM and IGR

HbA1c is a product of the combination of hemoglobin in red
blood cells and sugars in serum, which is formed through a

Figure 1. Basic characteristics of research objects (A) and prevalence of objects between 40-49 (B).
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slow, continuous, and irreversible glycation reaction. The
content of HbA1c depends on the blood glucose concen-
tration and the contact time between blood glucose and
hemoglobin. Therefore, HbA1c can effectively reflect the

macroscopic situation of blood glucose in patients with di-
abetes in the past 1-2 months (Figure 5).

A total number of 522 objects with HbA1c measurements
taken within 2 months after the OGTTexamination, OGTTas

Figure 2. Point distribution and trend of High-risk population (A-B) and different grouped samples (C-H).
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the gold standard for diagnosing DM and IGR, draw ROC
curves of HbA1c diagnostic DM and IGR.

By analyzing the ROC curves of HbA1c diagnostic DM,
HbA1c have high diagnostic value: Area under the curve
(AUC) = .882; P<.01; Asymptotic 95% confidence interval
(95%CI) = .860∼.904. The best cut-off point for HbA1c
diagnosis of MD is HbA1c≥ 5.95%: SENS = 79.1%, SPEC=
83%, Youden’s index (YI) = .621.

By analyzing the ROC curves of HbA1c diagnostic IGR,
HbA1c have high diagnostic value: AUC = .828; P<.01; 95%
CI = .792 ∼ .865. The best cut-off point for HbA1c diagnosis
of IGR is HbA1c≥ 5.75%, while SENS = 69.4%, SPEC=
84.6%, YI=.54.

In studies in different regions of China, the best cut-off
point for HbAlc diagnosis of DM is mainly between 5.7% -
6.5%.26 For this study, the best cut-off point for HbA1c to
diagnose DM is 5.95%; the best cut-off point for HbA1c to
diagnose IGR is 5.75%. On the other hand, due to the long
half-life of hemoglobin in the blood, which have a certain
influence on the update rate HbA1c, and therefore in the

diagnosis, some patients with acute onset of T2D, such as
fulminant type or duration shorter than 3 months, HbA1c may
not accurately reflect the occurrence and severity of the
disease. Maybe, for this reason, DM diagnosed in this study,
20% of patients with HbA1c <5.95%.

Diagnostic Values of GA on DM and IGR

Non-enzymatic glycosylation occurs between the glucose in the
human body and the N-terminus of serum proteins. Most of
them combine with lysine at position 189 in the serum protein
chain to form a high-molecular ketamine structure, which is
collectively called glycated serum protein of these, more than
90% were GA. Therefore, GA can reflect the overall level of
glycated serum albumin. GA is an indicator that reflects average
blood glucose levels over the past 2-3 weeks.

A total number of 535 objects with GA measurements
taken within 2-3 weeks after the OGTT examination, OGTT
as the gold standard for diagnosing DM and IGR, draw ROC
curves of GA diagnostic DM and IGR.

By analyzing the ROC curves of GA diagnostic DM, GA
has medium diagnostic value: AUC = .772; P<.01; 95%CI =
.733 ∼ .811. The best cut-off point for GA diagnosis of MD is
GA≥ 15.25%, while SENS = 59.5%, SPEC= 83.3%YI=.428.

Figure 3. Pearson linear regression fitting line and regression
equation of FPG – 1h PG and FPG – 3h PG.

Figure 4. Quantity distribution of True - Positive, False - Positive, True - Negative, and False – Negative for each groups ’ diagnosis.

Table 1. Diagnostic indicators for each group.

Groups SENS, % SPEC, % PPV, % NPV, % ACC, %

NGT 100 90.11 55.08 100 91.18
IGR 75.11 97.32 93.58 88.27 89.72
HOG 97.14 100 100 99.84 99.85
DM 94.67 100 100 96.33 98.08
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By analyzing the ROC curves of GA diagnostic IGR, GA
have low diagnostic value: AUC = .705; P<.01; 95%CI = .644
∼ .766. The best cut-off point for HbA1c diagnosis of IGR is
GA≥ 14.95%: SENS = 50.9%, SPEC= 83.3%, YI=.342.

GA is the product of non-enzymatic reaction between
serum protein (mainly albumin) and glucose,27 because the
half-life of albumin is 17-20 days, GA reflects the average
level of blood glucose in the 2-3 weeks before the mea-
surement. GA is measured quantitatively on the basis of GSP
(glycated serum protein), using the percentage of serum GA
and serum albumin to express the level of GA, removing the
influence of serum albumin level on the test results.28 This
removes the influence of serum albumin levels on the test
results and is therefore more accurate than GSP.29 However,
GA results are usually affected by a number of factors such as
the rate of albumin renewal, BMI,30 and thyroid hormones31:
for example, thyroid hormones promote albumin catabolism,
which can affect serum GA levels, and hyperthyroidism can
decrease the results and hypothyroidism can increase them.

On the other hand, for the same blood glucose level, GA
levels are lower in individuals with an accelerated rate of
blood albumin renewal.32

GA is related to a large number of glycation sites and the
reactive lysine residues. Because the glycation reaction itself is
fast, it can sensitively detect the temporary blood glucose rise.
In fact, in diabetes with large blood glucose fluctuations, the
increase of GA value is faster than that of HbA1c; in addition,
after using drugs that reduce postprandial hyperglycemia, the
decrease of GAvalue is faster than that of HbA1. Therefore, the
diagnostic value of GA as a separate indicator is worth ex-
ploring. For this study, when GA diagnoses DM and IGR, YI
max=.428, .342, thence there is little diagnostic value.

Discussion

(1) Type 2 DM is caused by the combined effect of
insulin resistance and insulin secretion deficiency.
Due to its hidden onset, many patients have

Figure 5. ROC curve of HbA1c diagnosis DM (A) and IGR (B); GA diagnosis DM (C) and IGR (D).
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developed chronic complications of DM when the
typical clinical manifestations of DM appear.33

Through stratified age management, high-risk
groups can be identified at an early stage. Regular
glucose metabolism indicators of high-risk groups
can not only detect DM and pre-DM early, but may
also help to find DM retinopathy, microalbuminuria,
and peripherals as early as possible Neuropathy and
significantly increased risk of macrovascular disease.
For this study, the management of blood glucose
testing in the high-risk group of the 40-49 age group
is inadequate; by analyzing the proportion of diabetes
and early diabetes in the selected sample in each age
group, focus on strengthening the high-risk group of
the 43-49 age group Management of blood glucose
testing may have more clinical and economic value;

(2) Though OGTT is a gold standard for diabetes testing,
it is limited by a series of realistic factors in clinical
application, by simplifying glucose tolerance tests
finds powerful clinical findings in early and pre-
diabetic patients.

FPG has a high weight in the diagnosis, but it is very easy
to miss the diagnosis of patients with early diabetes; 1h PG
is more valuable for evaluating DM and IGR than 0.5h PG
and 2h PG; 3 h PG is frequently to find HOG. The three-
point method (FPG, 1h PG, 3h PG) proposed in this article
is used to simplify OGTT and has certain diagnostic ad-
vantages. On the other hand, a complete OGTT costs about
$ 10, in contrast to this, the three-point method can save
40% of the cost, which can significantly reduce social
medical costs

(3) In 2009, an expert committee jointly organized by
ADA, EASD, and IDF recommended HbAlc ≥6.5% as
the diagnostic standard for DM,34 but whether it ap-
plies to the Chinese population still needs more evi-
dence. At present, some domestic clinical studies on
HbAlc for diagnosing DMhave been carried out to find
the cut-off point for HbAlc to diagnose DM.HbAlc has
the advantages of good repeatability and stability as a
gold index for blood glucose control in patients with
DM. However, when it is used in the diagnosis of DM,
the measurement method has not been standardized
and the biological variability is large, so it is contro-
versial. For this study, the best cut-off point for HbA1c
to diagnose DM is 5.95%; the best cut-off point for
HbA1c to diagnose IGR is 5.75%.

GA is closely related to insulin secretion, especially early
insulin secretion. Compared with HbA1C, GA may better
reflect postprandial blood glucose levels and blood glucose
fluctuations. Patients with islet B cell secretion defects caused
a significant increase in blood glucose after meals and in-
creased blood glucose fluctuations may be one of the

important mechanisms leading to elevated GA levels.
Therefore, as a separate indicator, GA may not have clinical
significance either, for the diagnosis of DM, nor the diagnosis
of IGR. Through our research, it is found that these 2 do not
have the function of separate diagnoses. As an important
reference, simplifying based on OGTT may be one of the
directions of our future research.

Conclusions

Pre-diabetes can be considered as a sign or watershed. If it
appears, it indicates that the risk of diabetes, cardiovascular
and cerebrovascular diseases, microangiopathy, tumors, and
dementia will increase in the future.35 For China, a critical
period in the economic development of countries with large
populations, without intervention, Among China’s 120
million pre-diabetics, 93% will develop diabetes within 20
years. Obviously, no intervention in this high-risk group of
diabetes and death is unacceptable. Moreover, the benefits
of China’s economic development will be greatly reduced
by raging diabetes. There is sufficient evidence that ef-
fective intervention in the pre-diabetes phase can signifi-
cantly reduce the likelihood of its conversion to
diabetes.36-38 Therefore, timely detection and effective
management of pre-diabetes population is the key to pre-
venting diabetes.

Based on the research in this article, we found, targeted
screening of high-risk DM people over the age of 42 by
“three-point method”, based on pre-diabetes found that
patients can save a lot of medical expenses; Timely
lifestyle interventions for people with pre-diabetes can
greatly reduce the incidence of type 2 diabetes and a series
of serious complications, and further reduce social med-
ical expenses in terms of diabetes and its complications, it
can help to curb the global diabetes epidemic and its
consequences if widely used. This approach has important
implications, both in terms of disease control and
economics.

Author Contributions

Kan Shao and Gong Chen contributed equally. The manuscript was
written through contributions of all authors. All authors have given
approval to the final version of the manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: Key
subject of Shanghai Polytechnic University (Material Science and
Engineering, XXKZD1601) and Gaoyuan Discipline of Shanghai-
Materials Science and Engineering.

8 INQUIRY



Compliance with Ethical Standards

All participants provided written informed consent for themselves
after having received a complete description of the study, which was
approved by the Ethics Committee of Tongren Hospital, Shanghai
Jiao Tong University School of Medicine.

ORCID iD

Cheng Chen  https://orcid.org/0000-0002-9813-532X

References

1. Cziraky AMJ, Abbott S, Nguyen M, et al. A pragmatic clinical
trial to compare the real-world effectiveness of V-Go versus
standard delivery of insulin in patients with advanced type 2
diabetes. J Health Econ Outcomes Res. 2019;6(2):70-83. doi:
10.36469/9731.

2. Chen C, Zhao XL, Li ZH, Zhu ZG, Qian SH, Flewitt AJ.
Current and emerging technology for continuous glucose
monitoring. Sensors. 2017;17:182. doi:10.3390/s17010182.

3. Nesto RW. The relation of insulin resistance syndromes to risk
of cardiovascular disease. Rev Cardiovasc Med. 2019;4(S6):
11-18. doi:10.3390/s17010182.

4. de Havenon A, Meyer C, McNally JS, et al. Subclinical ce-
rebrovascular disease: Epidemiology and treatment. Curr
Atheroscler Rep. 2019;21(10):39. doi:10.1007/s11883-019-
0799-1.

5. Truong LD, Gaber LW, Khan F. Donor-related diabetic ne-
phropathy: A comprehensive clinic pathological study. Hum
Pathol. 2019;85:136-144. doi:10.1016/j.humpath.2018.10.032.

6. Mungai M, Sirmah E. Avoidance of lower limb amputation
from a diabetic foot ulcer: The importance of multidisciplinary
practice and patient collaboration.World Council Enterostomal
Therapists. 2019;39(2):19. doi:10.33235/wcet.39.2.19-27.

7. Roden M, Shulman G. The integrative biology of type 2 di-
abetes. Nature. 2019;576:51-60. doi:10.1038/s41586-019-
1797-8.

8. Hu C, Jia W. Diabetes in China: Epidemiology and genetic risk
factors and their clinical utility in personalized medication.
Diabetes. 2018;67(1):3-11. doi:10.2337/dbi17-0013.

9. International Diabetes Federation. IDF Diabetes Atlas. 9th
edition. ed. Brussels, Belgium: International Diabetes Feder-
ation. 2019. URL:diabetesatlas.org

10. International Diabetes Federation. IDF Diabetes Atlas. 6th
edition ed. Brussels, Belgium: International Diabetes Federa-
tion. 2013. URL:diabetesatlas.org

11. International Diabetes Federation. IDF Diabetes Atlas. 7th
edition ed. Brussels, Belgium: International Diabetes Federa-
tion. 2015. URL:diabetesatlas.org

12. International Diabetes Federation. IDF Diabetes Atlas. 8th
edition ed. Brussels, Belgium: International Diabetes Federa-
tion. 2017. URL:diabetesatlas.org

13. Association AD. 2. Classification and diagnosis of diabetes:
Standards of medical care in diabetes—2019. Diabetes Care.
2019;42(suppl 1):S13-S28. doi:10.2337/dc17-S005.

14. Cosentino F, Grant PJ, Aboyans V, et al. 2019 ESC Guidelines
on diabetes, pre-diabetes, and cardiovascular diseases devel-
oped in collaboration with the EASD. Eur Heart J. 2019. doi:
10.1016/j.rec.2013.10.013.

15. Cheng A, Ba Rnes T. Canadian Diabetes Association 2013
clinical practice guidelines for the prevention and management
of diabetes in Canada. Introduction. Can J Diabetes. 2013;
37(suppl 1):S1-S212. doi:10.1016/j.jcjd.2013.01.010.

16. Popp CJ, St-Jules DE, Hu L, et al. The rationale and design of
the personal diet study, a randomized clinical trial evaluating a
personalized approach to weight loss in individuals with pre-
diabetes and early-stage type 2 diabetes. Contemp Clin Trials.
2019;79:80-88. doi:10.1016/j.cct.2019.03.001.

17. Choi H, Kramer CK, Zinman B, et al. Effect of short-term
intensive insulin therapy on the incretin response in early type 2
diabetes. Diabetes Metab. 2019;45(2):197-200. doi:10.1016/j.
diabet.2018.01.003.

18. Martinez-Millana A, Argente-Pla M, Valdivieso MB, et al.
Driving type 2 diabetes risk scores into clinical practice: per-
formance analysis in hospital settings. J Clin Med. 2019;8(1):
107. doi:10.3390/jcm8010107.

19. Brunton S, Rozjabek HM, Pilon D, et al. Real-world impact of
glycated hemoglobin reduction on treatment intensification and
glycated hemoglobin goal attainment in type 2 diabetes mellitus
patients initiated on a sodium glucose co-transporter 2 (SGLT2)
inhibitor (SGLT2i). Curr Med Res Opin. 2019:1-8. doi:10.
1080/03007995.2019.1605160.

20. Ueda S, Nagai K, Yokota N, et al. Influence of albumin leakage
on glycated albumin in patients with type 2 diabetes undergoing
hemodialysis. J Artif Organs. 2019:1-4. doi:10.1007/s10047-
019-01097-4.

21. Wei YM, Yan J, Yang HX. Identification of severe gestational
diabetes mellitus after new criteria used in China. J Perinatol.
2015. doi:10.1038/jp.2015.151.

22. Saudek CD, Herman WH, Sacks DB, et a1. A new look at
screening and diagnosing diabetes mellitus. J Clin Endocrinol
Metab. 2008;93:2447-2453. doi:10.1210/jc.2007-2174.

23. Ministry of Health P.R. China. National Guide to Clinical
Laboratory Procedures. Ministry of Health P.R. China; 1991.
ISBN:7-81023-418-8.

24. Tong YZ, Tong NW. Interpretation of Chinese society of en-
docrinology expert consensus on type 2 diabetes prevention in
Chinese adults. Chin J Pract Intern Med. 2014;34(7):671-677.
doi:10.7504/nk2014060203.

25. Takakado M, Takata Y, Hadate T, et al. 1505-P: Plasma glucose
level at 1h Post 75g OGTT Is the best predictor of the de-
velopment of glucose intolerance in subjects with normal
glucose tolerance—the toon health study. Diabetes. 2019;
68(suppl 1). doi:10.2337/db19-1505-P.

26. Mei M, Zhu PJ, Feng ZC, Ou ZG. Hemoglobin ale cut points
for the diagnosis of diabetes mellitus. J Mod Lab Med. 2012;
27(3):69-73. doi:10.3969/j.issn.1671-7414.2012.03.022.

27. Yatscoff RW, Tevaarwerk GJ, MacDonald JC. Quantification of
nonenzymically glycated albumin and total serum protein by

Shao et al. 9

https://orcid.org/0000-0002-9813-532X
https://orcid.org/0000-0002-9813-532X
https://doi.org/10.36469/9731
https://doi.org/10.3390/s17010182
https://doi.org/10.3390/s17010182
https://doi.org/10.1007/s11883-019-0799-1
https://doi.org/10.1007/s11883-019-0799-1
https://doi.org/10.1016/j.humpath.2018.10.032
https://doi.org/10.33235/wcet.39.2.19-27
https://doi.org/10.1038/s41586-019-1797-8
https://doi.org/10.1038/s41586-019-1797-8
https://doi.org/10.2337/dbi17-0013
http://diabetesatlas.org
http://diabetesatlas.org
http://diabetesatlas.org
http://diabetesatlas.org
https://doi.org/10.2337/dc17-S005
https://doi.org/10.1016/j.rec.2013.10.013
https://doi.org/10.1016/j.jcjd.2013.01.010
https://doi.org/10.1016/j.cct.2019.03.001
https://doi.org/10.1016/j.diabet.2018.01.003
https://doi.org/10.1016/j.diabet.2018.01.003
https://doi.org/10.3390/jcm8010107
https://doi.org/10.1080/03007995.2019.1605160
https://doi.org/10.1080/03007995.2019.1605160
https://doi.org/10.1007/s10047-019-01097-4
https://doi.org/10.1007/s10047-019-01097-4
https://doi.org/10.1038/jp.2015.151
https://doi.org/10.1210/jc.2007-2174
https://doi.org/10.7504/nk2014060203
https://doi.org/10.2337/db19-1505-P
https://doi.org/10.3969/j.issn.1671-7414.2012.03.022


affinity chromatography. Clin Chem. 1984;30(3):446-449. doi:
10.1016/S0009-9120(84)80182-4.

28. Divani M, Georgianos PI, Didangelos T, et al. Comparison of
glycemic markers in chronic hemodialysis using continuous
glucose monitoring. Am J Nephrol. 2018;47(1):21-29. doi:10.
1159/000485843.

29. Zhu C, Hou X, Li M, et al. Serum Glycated Albumin Levels
Are Affected by Alcohol in Men of the Jinuo Ethnic Group in
China. Can J Infect Dis Med. 2021:2021. doi:10.1155/2021/
6627074.

30. Ferguson AN, Grabich SC, Olsen IE, et al. BMI is a better body
proportionality measure than the ponderal index and weight-
for-length for preterm infants. Neonatology. 2018;113(2):
108-116. doi:10.1159/000480118.

31. Nie X, Shen Y, Ma X, et al. Associations between thyroid
hormones and glycated albumin in euthyroid and subclinical
hypothyroid individuals: results of an observational study.
Diabet Metab Synd Ob. 2020;13:915. doi:10.2147/DMSO.
S236698.

32. Corti MC, Guralnik JM, Salive ME, et al. Serum albumin level
and physical disability as predictors of mortality in older
persons. Jama-J AmMed Assoc. 1994;272(13):1036-1042. doi:
10.1001/jama.1994.03520130074036.

33. Herman WH. Diabetes epidemiology: Guiding clinical and
public health practice - The Kelly West Award Lecture, 2006.
Diabetes Care. 2007;30(7):1912. doi:10.2337/dc07-9924.

34. Gillet MJ. International expert committee report on the role of
the A1C assay in the diagnosis of diabetes. Clin Biochem Rev.
2009;30(4):197. doi:10.2337/dc09-1231.

35. Gong Q, Zhang P, Wang J, et al. Morbidity and mortality after
lifestyle intervention for people with impaired glucose toler-
ance: 30-year results of the Da Qing Diabetes Prevention
Outcome Study. Lancet Diabetes Endo. 2019;7(6):452-461.
doi:10.1016/S2213-8587(19)30093-2.

36. Woods T, Nies MA. Pre-diabetes in the hispanic population:
Adolescents to adulthood. Ann Nurs Res Pract. 2019;4(1):
1032. doi:10.9016/2574-782X/1000109.

37. Beaton A, Manuel C, Tapsell J, et al. He Pikinga Waiora:
supporting M�aori health organisations to respond to pre-dia-
betes. Int J Equity Health. 2019;18(1):3. doi:10.1186/s12939-
018-0904-z.
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