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ABSTRACT

Concept of Diabetes Mellitus: Diabetes mellitus is a group of diseases associated with various metabolic disorders, the main
feature of which is chronic hyperglycemia due to insufficient insulin action. Its pathogenesis involves both genetic and environmental
factors. The long-term persistence of metabolic disorders can cause susceptibility to specific complications and also foster arterioscle-
rosis. Diabetes mellitus is associated with a broad range of clinical presentations, from being asymptomatic to ketoacidosis or coma,
depending on the degree of metabolic disorder.

Classification (Tables 1 and 2, and Figure 1): The classification of glucose metabolism disorders is principally derived from
etiology, and includes staging of pathophysiology based on the degree of deficiency of insulin action. These disorders are
classified into four groups: (i) type 1 diabetes mellitus; (i) type 2 diabetes mellitus; (iii) diabetes mellitus due to other specific
mechanisms or diseases; and (iv) gestational diabetes mellitus. Type 1 diabetes is characterized by destruction of pancreatic
[B-cells. Type 2 diabetes is characterized by combinations of decreased insulin secretion and decreased insulin sensitivity (insulin
resistance). Glucose metabolism disorders in category (i) are divided into two subgroups; subgroup A is diabetes in which a
genetic abnormality has been identified, and subgroup B is diabetes associated with other pathologic disorders or clinical
conditions. The staging of glucose metabolism includes normal, borderline and diabetic stages depending on the degree of
hyperglycemia occurring as a result of the lack of insulin action or clinical condition. The diabetic stage is then subdivided into
three substages: non-insulin- requiring, insulin-requiring for glycemic control, and insulin-dependent for survival. The two former
conditions are called non-insulin-dependent diabetes and the latter is known as insulin-dependent diabetes. In each individual,
these stages may vary according to the deterioration or the improvement of the metabolic state, either spontaneously or by
treatment.

Diagnosis (Tables 3-7 and Figure 2):

Categories of the State of Glycemia: Confirmation of chronic hyperglycemia is essential for the diagnosis of diabetes mellitus.
When plasma glucose levels are used to determine the categories of glycemia, patients are classified as having a diabetic type if
they meet one of the following criteria: () fasting plasma glucose level of 2126 mg/dL (=7.0 mmol/L); (i) 2-h value of 2200 mg/dL
(=11.1 mmol/L) in 75 g oral glucose tolerance test (OGTT); or (i) casual plasma glucose level of >200 mg/dL (=11.1 mmol/L).
Normal type is defined as fasting plasma glucose level of <110 mg/dL (<6.1 mmol/L) and 2-h value of <140 mg/dL (<7.8 mmol/L)
in OGTT. Borderline type (neither diabetic nor normal type) is defined as falling between the diabetic and normal values.
According to the current revision, in addition to the earlier listed plasma glucose values, hemoglobin A (HbA,J) has been given
a more prominent position as one of the diagnostic criteria. That is, (iv) HbA;c 26.5% is now also considered to indicate diabetic
type. The value of HbA,., which is equivalent to the internationally used HbA;. (%) (HbA;. [NGSP]) defined by the NGSP (National
Glycohemoglobin Standardization Program), is expressed by adding 04% to the HbA;. (JDS) (%) defined by the Japan Diabetes
Society (JDS).
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Clinical diagnosis of diabetes mellitus

Subjects with borderline type have a high rate of developing diabetes mellitus, and correspond to the combination of impaired
fasting glucose (IFG) and impaired glucose tolerance (IGT) noted by the American Diabetes Association (ADA) and WHO. Although
borderline cases show few of the specific complications of diabetes mellitus, the risk of arteriosclerosis is higher than those of normal
type. When HbA is 6.0-64%, suspected diabetes mellitus cannot be excluded, and when HbA;. of 56-5.9% is included, it forms a
group with a high risk for developing diabetes mellitus in the future, even if they do not have it currently.

Clinical Diagnosis:

1. If any of the criteria for diabetic type (i) through to (iv) is observed at the initial examination, the patient is judged to be ‘diabetic
type’. Re-examination is conducted on another day, and if ‘diabetic type’ is reconfirmed, diabetes mellitus is diagnosed. However, a
diagnosis cannot be made only by the re-examination of HbA;. alone. Moreover, if the plasma glucose values (any of criteria [il,
[iil, or [iii]) and the HbA (criterion [iv]) in the same blood sample both indicate diabetic type, diabetes mellitus is diagnosed based
on the initial examination alone. If HbA; is used, it is essential that the plasma glucose level (criteria [i], [ii] or [iii]) also indicates
diabetic type for a diagnosis of diabetes mellitus. When diabetes mellitus is suspected, HbA;. should be measured at the same
time as examination for plasma glucose.

2. If the plasma glucose level indicates diabetic type (any of [i], [iil, or [iii]) and either of the following conditions exists, diabetes
mellitus can be diagnosed immediately at the initial examination.

e The presence of typical symptoms of diabetes mellitus (thirst, polydipsia, polyuria, weight loss)

e The presence of definite diabetic retinopathy
3. If it can be confirmed that the above conditions 1 or 2 existed in the past, diabetes mellitus can be diagnosed or suspected

regardless of the current test results.

4. If the diagnosis of diabetes cannot be established by these procedures, the patient is followed up and re-examined after an
appropriate interval.

5. The physician should assess not only the presence or absence of diabetes, but also its etiology and glycemic stage, and the
presence and absence of diabetic complications or associated conditions.

Epidemiological Study: For the purpose of estimating the frequency of diabetes mellitus, ‘diabetes mellitus’ can be substituted for

the determination of ‘diabetic type’ from a single examination. In this case, HbA;. 26.5% alone can be defined as ‘diabetes mellitus'.

Health Screening: It is important not to misdiagnose diabetes mellitus, and thus clinical information such as family history and

obesity should be referred to at the time of screening in addition to an index for plasma glucose level.

Gestational Diabetes Mellitus: There are two hyperglycemic disorders in pregnancy: (i) gestational diabetes mellitus (GDM); and

(i) diabetes mellitus. GDM is diagnosed if one or more of the following criteria is met in a 75 g OGTT during pregnancy:

1. Fasting plasma glucose level of 292 mg/dL (5.1 mmol/L)

2. 1-h value of 2180 mg/dL (10.0 mmol/L)

3. 2-h value of 2153 mg/dL (8.5 mmol/L)

However, diabetes mellitus that is diagnosed by the clinical diagnosis of diabetes mellitus defined earlier is excluded from GDM.

(J Diabetes Invest, doi: 10.1111/j.2040-1124.2010.00074., 2010)
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REVIEW OF THE HISTORY OF DIAGNOSTIC CRITERIA
FOR DIABETES MELLITUS BY THE JAPAN DIABETES
SOCIETY AND INTERNATIONAL BACKGROUND

and should include an evaluation of glucose tolerance. This is
the position that diabetes mellitus is not defined by hyperglyce-
mia alone. The classification according to the OGTT includes

The Japan Diabetes Society (JDS) has published reports on the
diagnostic criteria for diabetes mellitus three times*™*. In 2009, a
minor revision was made regarding the normal range of fasting
plasma glucose level®.

In 1970, the JDS’s first committee proposed reference values
for plasma glucose determination in the oral glucose tolerance
tests (OGTT)? At that time, glucose tolerance was assessed
using the OGTT, and the JDS took the position that the diagno-
sis of diabetes mellitus should be carried out comprehensively,

normal, borderline and diabetic types. This position is still
maintained today.

In 1979, the American National Diabetes Data Group
published diagnostic criteria based on the 75 g OGTT and
classifications such as insulin-dependent diabetes mellitus and
non-insulin-dependent diabetes mellitus®. At that time, mild glu-
cose intolerance was categorized as impaired glucose tolerance
(IGT). In 1980, the World Health Organization (WHO) Expert
Committee issued a report based on this definition’. In light of
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Table 1| Etiological classification of diabetes mellitus and glucose
metabolism disorders

Table 2 | Diabetes mellitus and glucose metabolism disorders due to
other specific mechanisms and diseases

. Type 1 (destruction of pancreatic B-cells, usually leading to absolute
insulin deficiency)
A. Autoimmune
B. Idiopathic
II. Type 2 (ranging from predominantly insulin secretory defect, to
predominantly insulin resistance with varying degrees of insulin
secretory defect)
lll. Due to other specific mechanisms or diseases (see Table 2 for details)
A. Those in which specific mutations have been identified as a cause
of genetic susceptibility
(1) Genetic abnormalities of pancreatic B-cell function
(2) Genetic abnormalities of insulin action
B. Those associated with other diseases or conditions
(1) Diseases of exocrine pancreas
(2) Endocrine diseases
(3) Liver disease
(4) Drug- or chemical-induced
(5) Infections
(6) Rare forms of immune-mediated diabetes
(7) Various genetic syndromes often associated with diabetes
IV. Gestational diabetes mellitus

Note: Those that cannot at present be classified as any of the above
are called unclassifiable.

The occurrence of diabetes-specific complications has not been
confirmed in some of these conditions.

this, the JDS established a second committee and published cri-
teria using the 75 g OGTT>. The policy of classifying OGTT by
types continued.

In 1997, the American Diabetes Association (ADA) reviewed
the plasma glucose reference values for the diagnosis of diabetes
mellitus, and a fasting plasma glucose level =126 mg/dL (7.0
mmol/L) and an OGTT 2-h value 2200 mg/dL (11.1 mmol/L)
were regarded as diagnostic for diabetes mellitus®. The report
at that time also recommended making a diagnosis using the
fasting plasma glucose level without OGTT in routine clinical
practice. Because IGT, which is defined by the 2-h plasma
glucose level, cannot be determined without conducting an
OGTT, a fasting plasma glucose level between normal and dia-
betes mellitus values was defined as impaired fasting glucose
(IFG) instead. The WHO expert committee issued a similar pro-
posal in 1999, although continuing to recognize the necessity of
OGTT in clinical practice’.

Meanwhile, the JDS had established a third committee on
diagnosis and classification in 1995, and had begun updating
opinions from an academic panel. They considered the new
reports from the ADA and the WHO, and a report on classifi-
cation and diagnostic criteria for diabetes mellitus was issued in
1999, which has been used until this revision®. Etiological classi-
fication was emphasized, and diabetes mellitus was divided into
type 1, type 2, other types, and gestational diabetes mellitus,
together with classification according to pathophysiological

A. Those in which specific
mutations have been identified
as a cause of genetic
susceptibility

(1) Genetic abnormalities of

pancreatic B-cell function

Insulin gene (abnormal
insulinemia, abnormal
proinsulinemia, neonatal
diabetes mellitus)

HNF 4o gene (MODY1)

Glucokinase gene (MODY2)

HNF 1o gene (MODY3)

IPF-1 gene (MODY4)

HNF 18 gene (MODY5)

Mitochondria DNA (MIDD)

NeuroD1 gene (MODY6)

Kir6.2 gene (neonatal diabetes
mellitus)

SURT gene (neonatal
diabetes mellitus)

Amylin

Others

(2) Genetic abnormalities of

insulin action

Insulin receptor gene (type A
insulin resistance,
leprechaunism, Rabson—
Mendenhall syndrome etc)

Others

B. Those associated with other

diseases or conditions

(1) Diseases of exocrine pancreas

Pancreatitis
Trauma/pancreatectomy
Neoplasm
Hermochromatosis
Others

(2) Endocrine diseases

Cushing’s syndrome
Acromegaly
Pheochromocytoma
Glucagonoma
Aldosteronism
Hyperthyroidism
Somatostatinoma
Others

(3) Liver disease

Chronic hepatitis
Liver cirrhosis
Others

(4) Drug- or chemical-induced

Glucocorticoids
Interferon
Others

(5) Infections

Congenital rubella
Cytomegalovirus
Others

(6) Rare forms of immune-mediated

diabetes
Anti-insulin receptor antibodies
Stiffrnan syndrome
Insulin autoimmune syndrome
Others

(7) Various genetic syndromes

often associated with diabetes
Down syndrome
Prader-Willi syndrome
Turner syndrome
Klinefelter syndrome
Werner syndrome
Wolfram syndrome
Ceruloplasmin deficiency
Lipoatrophic diabetes mellitus
Myotonic dystrophy
Friedreich ataxia
Laurence-Moon-Biedl syndrome
Others

The occurrence of diabetes-specific complications has not been
confirmed in some of these conditions.

stage. The confirmation of chronic hyperglycemia was required
for a diagnosis, and diabetic type was defined as a fasting
plasma glucose level 2126 mg/dL (=7.0 mmol/L), 2-h OGTT
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Clinical diagnosis of diabetes mellitus
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Figure 1 | A scheme of the relationship between etiology (mechanism) and patho-physiological stages (states) of diabetes mellitus. Arrows pointing
right represent worsening of glucose metabolism disorders (including onset of diabetes mellitus). Among the arrow lines, ==ma indicates the condi-
tion classified as ‘diabetes mellitus. Arrows pointing left represent improvement in the glucose metabolism disorder. The broken lines indicate events
of low frequency. For example, in type 2 diabetes mellitus, infection can lead to ketoacidosis and require temporary insulin treatment for survival.
Also, once diabetes mellitus has developed, it is treated as diabetes mellitus regardless of improvement in glucose metabolism, therefore, the arrow
lines pointing left are filled in black. In such cases, a broken line is used, because complete normalization of glucose metabolism is rare.

Table 3 | Criteria of fasting plasma glucose levels and 75 g oral glucose
tolerance test 2-h value

Normal range Diabetic range

Fasting value <110 mg/dL (6.1 mmol/L) =126 mg/dL (7.0 mmol/L)

75 g OGIT <140 mg/dL (78 mmol/L) =200 mg/dL (11.1 mmol/L)
2-h value

Evaluation Normal type: If both values  *Diabetic type: If any of
of OGTT belong to normal range the two values falls into

diabetic range
Borderline type
Neither normal nor diabetic types

*Casual plasma glucose 2200 mg/dL (=11.1 mmol/L) and HbA;. 26.5%
are also regarded as to indicate diabetic type.

Even for normal type, if 1-h value is 180 mg/dL (100 mmol/L), the risk
of progression to diabetes mellitus is greater than for <180 mg/dL
(100 mmol/L) and should be treated as with borderline type (follow-up
observation, etc). Fasting plasma glucose level of 100-109 mg/dL
(55-6.0 mmol/L) is called ‘high-normal’ within the range of normal
fasting plasma glucose.

Plasma glucose level after glucose load in oral glucose tolerance test
(OGTT) is not included in casual plasma glucose levels. The value for
HbA, . (%) is indicated with 04% added to HbA,. (JDS) (%).

value >200 mg/dL (=11.1 mmol/L) or casual plasma glucose
level 2200 mg/dL (=11.1 mmol/L). Normal type was defined as
a fasting plasma glucose <110 mg/dL (<6.1 mmol/L) and 2-h

OGTT <140 mg/dL (<7.8 mmol/L), with a diagnosis of border-
line type between these two. Clinical diagnosis of diabetes mell-
itus requires observation of a diabetic type at least twice in tests
on different days. However, diabetes mellitus could be diagnosed
from a single finding of diabetic type hyperglycemia if (i) there
are symptoms of diabetes mellitus; (ii) the hemoglobin A;.
(HbA,.) is 26.9%; or (iii) there is diabetic retinopathy. However,
when conducting an epidemiological survey, researchers may
consider a single confirmation of diabetic type hyperglycemia as
diabetes mellitus.

In 2003, the ADA lowered the upper limit of normal fasting
plasma glucose from 110 mg/dL (6.1 mmol/L) to 100 mg/dL
(5.5 mmol/L)". The principal reason for this reduction was that
IGT was often overlooked in conventional testing based on fast-
ing plasma glucose level alone. However, the WHO Expert
Committee (2006) decided to retain the conventional determina-
tion criterion for fasting plasma glucose level, because a large
number of people would be added as having abnormal glycemic
control if the fasting plasma glucose level criterion were lowered,
and because the population that would be newly determined
to have IFG does not have a very high risk of macrovascular
disorders'".

The JDS established a diagnostic criteria exploratory commit-
tee on diabetes mellitus and glucose metabolism disorders that
examined this question, and found that impaired glucose toler-
ance is common in the group with fasting plasma glucose levels

© 2010 The Japan Diabetes Society
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Table 4 | Procedures for diagnosing diabetes mellitus

Clinical diagnosis

(1) At initial examination, a ‘diabetic type’ is diagnosed if any of the following criteria are met: (i) fasting plasma glucose level 2126 mg/dL
(7.0 mmol/L), (i) 75 g OGTT 2-h value 2200 mg/dL (11.1 mmol/L), (i) casual plasma glucose level 2200 mg/dL (11.1 mmol/L) or (iv) *HbA;.
>6.5%. Re-examination is carried out at another date and diabetes mellitus is diagnosed if ‘diabetic type’ is confirmed again**. However,
diagnosis cannot be made on the basis of a repeated HbA; test alone. If the same blood sample is confirmed to be diabetic type by both
plasma glucose and HbA levels (any of [i] to [iil plus [iv]), then diabetes mellitus can be diagnosed from the initial test

(2) If plasma glucose level shows diabetic type (any of [i] to [iiil) and either of the following conditions exists, diabetes mellitus can be diagnosed

immediately at the initial examination

e The presence of typical symptoms of diabetes mellitus (thirst, polydipsia, polyuria, weight loss)

e The presence of definite diabetic retinopathy

(3) If it can be confirmed that either of the above conditions 1 or 2 existed in the past, diabetes mellitus must be diagnosed or suspected even if

present test values do not meet the above conditions

(4) I diabetes mellitus is suspected but the diagnosis cannot be made by the above (1) to (3), the patient should be followed-up
(5) The following points should be kept in mind when selecting the method of determination in initial examination and re-examination
o If HoA,. is used at initial examination, another method of determination is required for diagnosis at re-examination. As a rule, both plasma

glucose level and HbA, . should be measured

e If casual plasma glucose level is 2200 mg/dL (11.1 mmol/L) at the initial test, a different test method is desirable for re-examination
e In the case of disorders and conditions in which HbA;. may be inappropriately low, plasma glucose level should be used for diagnosis

(Table 5)
Epidemiological study

For the purpose of estimating the frequency of diabetes mellitus, determination of ‘diabetic type’ from a single test can be considered to
represent ‘diabetes mellitus'. Whenever possible, the criteria to be used are HbA. 26.5% or OGTT 2-h value 2200 mg/dL (11.1 mmol/L)

Health screening

It is important to detect diabetes mellitus and identify high risk groups without overlooking anyone. Therefore, besides measuring plasma glucose
and HbA, clinical information such as family history and obesity should be referred

*The value for HbA, (%) is indicated with 04% added to HbA;. UDS) (%). **Hyperglycemia must be confirmed in a non-stressful condition. OGTT,

oral glucose tolerance test.

Table 5 | Disorders and conditions associated with low HbA;. values

Anemia

Liver disease
Dialysis

Major hemorrhage
Blood transfusion
Chronic malaria
Hemoglobinopathy
Others

of 100 mg/dL (5.5 mmol/L) to 109 mg/dL (6.0 mmol/L). In
2008, this segment was called ‘high-normal” within the range of
normal fasting plasma glucose’.

Furthermore, the JDS newly established a committee for diag-
nostic criteria that reviewed the current diagnostic criteria and
examined the practical use of HbA,. The standardization of
HbA . measurement in Japan was examined in the early stage'?,
and in the 1999 committee report on the classification and diag-
nostic criteria for diabetes mellitus, the JDS took global initiative
by including HbA,. as an additional tool for diabetes mellitus
diagnosis4. In Japan, since 1997 the HbA . has been used to esti-
mate the number of patients with diabetes mellitus in national
surveys of diabetes mellitus by the government, and HbA,, is
used in national health examinations and health guidance that
were initiated in 2008.

Table 6 | Situations where a 75-g oral glucose tolerance test is
recommended

Strongly recommended (suspicion of present diabetes mellitus cannot
be ruled out)
Fasting plasma glucose level is 110-125 mg/dL (6.1-6.9 mmol/L)
Casual plasma glucose level is 140-199 mg/dL (7.8-11.0 mmol/L)
*HbA, ¢ is 6.0-64% (excluding those having overt symptoms of
diabetes mellitus)
Testing is desirable (high risk of developing diabetes mellitus in the
future;
Testing is especially advisable for patients with risk factors for
arteriosclerosis such as hypertension, dyslipidemia and obesity.)
Fasting plasma glucose level is 100-109 mg/dL (5.5-6.0 mmol/L)
*HbA ¢ is 5.6-59%
Strong family history of diabetes mellitus or present obesity
regardless of above criteria

*The value for HbA, . (%) is indicated with 04% added to HbA,,
(JDS) (%).

Although HbA,. has become widely used as an index for
the treatment of diabetes mellitus globally, it hadn’t been used
as an index for diagnosis. The main reason for this is that
HbA,. measurement had not been sufficiently standardized®.
Thereafter, the standardization of HbA,;. measurement was
investigated by the International Federation of Clinical
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Table 7 | Definition and diagnostic criteria of gestational diabetes
mellitus

Definition of gestational diabetes mellitus
Glucose metabolism disorder with first recognition or onset during
pregnancy, but that has not developed into diabetes mellitus
Diagnostic criteria of gestational diabetes mellitus
Diagnosed if one or more of the following criteria is met in a
75 g OGTT
Fasting plasma glucose 292 mg/dL (5.1 mmol/L)
1-h value 2180 mg/dL (10.0 mmol/L)
2-h value 2153 mg/dL (85 mmol/L)
However, diabetes mellitus that is diagnosed according to ‘Clinical
diagnosis’ outlined in Table 4 is excluded from gestational diabetes
mellitus

(IADPSG Consensus Panel, Reference 42, partly modified with permis-
sion of Diabetes Care).

Chemistry and Laboratory Medicine (IFCC) and an inter-
national expert committee formed by members of the ADA, the
European Diabetes Association, and the International Diabetes
Federation recommended the use of the HbA,. values of the
National Glycohemoglobin Standardization Program (NGSP)
for the diagnosis of diabetes mellitus in June 2009". HbA, has
several advantages in that it is a suitable index of chronic hyper-
glycemia, a characteristic of diabetes mellitus, blood samples can
be taken without concern about the effects of meals, it shows
less day-to-day changes than the plasma glucose level, and its
relation to the risk of retinopathy is equivalent to that of the

Clinical diagnosis of diabetes mellitus

plasma glucose level. However, there are also several issues
concerning the application of HbA,. for the diagnosis of diabe-
tes mellitus, including that HbA,, is affected by red blood cell
turnover in addition to plasma glucose, and that there are differ-
ences between the NGSP values that have been used in the
USA, Europe, Asia and many other countries for HbA,.
(NGSP) and the JDS values used in Japan for HbA;. (JDS).

As described earlier, the fasting plasma glucose level is recom-
mended in the USA for diagnosis of diabetes mellitus because it
is simple and easy, while OGTT is recommended in Japan for a
more accurate diagnosis. Although HbA,. is widely used as an
index for treatment or for epidemiological data, this test alone
has not generally been used to diagnose diabetes mellitus. The
ADA’s expert committee therefore examined the validity of
using HbA,. for diagnosis, and in a 1997 report recommended
against the use of HbA, for diagnosing diabetes mellitus. This
position was taken mainly because of the lack of progress in
standardizing the test®. In an additional 2003 report, although
HbA,. standardization became possible by applying NGSP,
it was still considered that there were disadvantages when
using it for diagnosis'’. However, according to a 2009 report,
evaluation of HbA;. as a diagnostic tool was improved, as the
accuracy and precision of HbA;. measurement were shown to
be similar to those of plasma glucose levels'>. HbA,. has the
further advantage that blood sampling is less burdensome and
simpler for the patient, considering that the specimens are com-
paratively stable after collection and that there has been interna-
tional progress in standardizing HbA . measurement.

Diabetic type: Plasma glucose levels (fasting = 126 mg/dL (7.0 mmol/L),
2-h OGTT 2 200 mg/dL (11.1 mmol/L) or casual = 200 mg/dL (11.1 mmol/l)

*HbA, . 2 6.5% ‘

Both plasma glucose
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diabetic type
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level is diabetic type

Only HbA, is
diabetic type

Either
- Typical symptoms of diabetes mellitus
- Definite diabetic retinopathy

el ]
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Figure 2 | Flow chart outlining steps in the clinical diagnosis of diabetes mellitus. *The value for HbA;. (%) is indicated with 0.4% added to HbA;.

(DS) (%).
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In addition, HbA,. is a more stable index than the fasting
plasma glucose level, and is now considered to be a superior
index of chronic hyperglycemia compared to the plasma glucose
level, which varies during the day. Based on this, the relation-
ship between HbA . and diabetic retinopathy specific to diabetes
mellitus (moderate non-proliferative diabetic retinopathy or
worse) was investigated using a large epidemiological database.
Specifically, 48,331 patients aged 20-79 years in nine countries
were surveyed, and a diagnosis of diabetes mellitus based on
HbA, . was proposed because of the higher frequency of retino-
pathy with HbA,;. (NGSP) >6.5%". Thus, in January 2010, the
American Diabetes Association proposed new diagnostic criteria
for diabetes mellitus with HbA,. in parallel with three plasma
glucose indices'*.

As described later, HbA,. (JDS) is approximately 0.4% lower
than HbA,. (NGSP)", and this difference was not considered in
the international standardization of plasma glucose control tar-
gets. Standardization and precision control of HbA;. measure-
ment has been successfully practiced in Japan, but because most
other countries use the NGSP values at present, it is judged
appropriate to shift to a new internationally standardized HbA,.
by adding 0.4% to the conventional HbA;. (JDS) value.

CONCEPT OF DIABETES MELLITUS

Diabetes mellitus is a group of metabolic diseases characterized
by chronic hyperglycemia due to insufficient insulin action. The
common feature of this group of diseases is a deficiency of insu-
lin action, which leads to abnormalities in almost the entire met-
abolic system, including carbohydrate, lipid and protein
metabolism. The mechanism for a lack of insulin action in this
group of diseases includes insufficient insulin secretion (absolute
or relative) and decreased insulin sensitivity (insulin resistance)
in organs (cells) on which insulin acts.

The causes of diabetes mellitus are various, including both
genetic and environmental factors. Insufficient insulin secretion
can occur in association with destruction of pancreatic islet
B-cells or due to dysfunction within the pancreatic B-cells them-
selves. Besides the decrease in insulin supply, decreased insulin
sensitivity can contribute to relative insufficient insulin action.
In either case, the principal mechanism for development of dia-
betes is decreased functional pancreatic 3-cell mass that results
in failure to provide adequate insulin action on the organs. The
associated metabolic disorders can be improved by various ther-
apeutic means to ameliorate insufficient insulin action.

If the metabolic abnormality is mild, patients may be asymp-
tomatic, and thus may neglect it for a long time. However, in a
metabolic state with markedly high plasma glucose levels, thirst,
polydipsia, polyuria and weight loss can be seen. In the most
extreme cases, ketoacidosis or a marked hyperosmotic, hypergly-
cemic state occurs, which can lead to disturbance of conscious-
ness, coma and even death if no effective treatment is provided.

With long duration of diabetic metabolism, diabetes-specific
complications, chiefly involving small vessels (retinopathy,
nephropathy and neuropathy), may ensue and lead to serious
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outcomes, such as visual disturbance, renal failure and gangrene.
Diabetes accelerates and exacerbates the occurrence of arterio-
sclerosis, increasing the risks for myocardial infarction, stroke
and occlusive artery disease of the lower extremities. These com-
plications constitute the major causes of morbidity and mortality
in diabetic patients.

CLASSIFICATION

Etiological Classification and Pathophysiological Stages
Etiology and pathophysiological stages (or states) should be
assessed separately for each patient. Before development of overt
diabetes, patients will pass stages at which different degrees of
deficiency of insulin action exist. The abnormal glucose metabo-
lism not only progresses, but may regress spontaneously or in
response to treatment. For example, islet autoantibodies are
occasionally detected before recognition of hyperglycemia, sug-
gesting that the autoimmune process of type 1 diabetes has
already begun. Obese diabetic patients may be improved to bor-
derline type or even to normal glucose tolerance after weight
reduction with diet therapy. The horizontal axis in Figure 1
shows the degree of deficiency of insulin action associated with
a disorder of glucose metabolism. The patients are judged to
have diabetes when hyperglycemia has exceeded a certain level,
which is presumed to confer risk for specific complications. The
diabetic area is divided into three stages, (i) in which insulin
treatment is not needed; (i) in which insulin injections are
required for glycemic control; and (iii) in which insulin treat-
ment is indispensable to prevent ketosis and to sustain life.

The terms type 1 and type 2 are used for classification based
on etiology. The terms insulin-dependent and non-insulin-
dependent are used for pathophysiological staging of diabetes
mellitus regardless of the etiology. In this case, failure to admin-
ister insulin in an insulin-dependent condition can lead to keto-
sis and can be life threatening. Patients whose conditions do not
require insulin treatment for prevention of ketosis or for sur-
vival, but require insulin for glycemic control are considered to
be in a non-insulin-dependent state.

Etiological Classification

Etiological classifications of diabetes mellitus and glucose metab-
olism disorders are shown in Table 1, and use the terms type 1
and type 2. In recent years, various forms of diabetes with
genetic abnormalities have been identified, and are treated as a
separate category. An individual patient may have diabetes mell-
itus resulting from multiple etiological causes. Those that cannot
be classified at the present time are called unclassifiable.

Type 1 Diabetes Mellitus

Diabetes mellitus is caused by insulin deficiency due to destruc-
tion of pancreatic B-cells principally via an autoimmune reac-
tion, which is itself triggered by different factors. Type 1
diabetes develops in association with certain hereditary factors,
such as Human Leukocyte Antigen (HLA) alleles, plus induce-
ments/environmental factors, such as a virus infection. Diabetes
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resulting as one of the manifestations of other autoimmune
disorders is not rare. As destruction of pancreatic B-cells
progresses, an absolute deficiency in insulin often occurs. It is
typically regarded as developing rapidly in young people, but it
can occur in any age group.

In many cases, autoantibodies against islet antigens (islet-asso-
ciated antibodies) are verifiable in the early phase of the disease,
and because pancreatic B-cell destruction involves autoimmune
mechanisms, these are called ‘autoimmune’ type 1 diabetes mell-
itus. There are also cases that reach an insulin-dependent state
without verifiable autoantibodies, and these are called ‘idio-
pathic’ type 1 diabetes mellitus. However, patients who are
dependent on insulin therapy and are autoantibody negative,
but due to an identified cause, such as a genetic abnormality,
and those with temporary insulin dependence, such as soft drink
ketosis, are not included in the idiopathic category. Depending
on the manner of onset and progression, it is classified as ful-
minant, acute or slowly progressive'®=°,

Type 2 Diabetes Mellitus

Diabetes mellitus develops in association with multiple genetic
factors that lead to decreased insulin secretion or insulin resis-
tance augmented by lifestyle habits, such as overeating (espe-
cially high fat diet), lack of exercise and resultant obesity, as
environmental factors and results in insufficient insulin action.
It is presumed that most cases involve multiple genetic factors,
with some of these now elucidated”**. Decreased insulin secre-
tion and decreased insulin sensitivity are both involved in the
onset of type 2 diabetes mellitus, but the proportion of their
involvement differs according to the patient. Non-insulin-
dependent diabetes mellitus is mostly of this type. Pancreatic
B-cell function is retained to a certain degree, and insulin injec-
tions are rarely required for survival. However, complications,
such as infections, can lead to ketoacidosis temporarily. Insulin
secretion is particularly decreased in the early secretory
response after a glucose load. Obesity or a history of obesity is
common.

Onset is commonly regarded to be in middle age or later, but
this type of diabetes mellitus has recently been shown to be
increasing in children and young people®. The nature of type 2
diabetes mellitus is clearly not uniform, but it might possibly be
further divided according to the presence or absence of obesity
and differences in the degree of involvement of decreased insu-
lin secretion and decreased insulin sensitivity.

Other Types of Diabetes Mellitus Due to Specific Causes:

These are divided into two groups (Table 2).

(A) Diabetes mellitus with identified genetic abnormalities: With
the recent progress in genetic technology, several single
genetic abnormalities have now been identified as causing
diabetes mellitus®*?°. These are divided into (i) genetic
abnormalities related to pancreatic B-cell function; and
(ii) genetic abnormalities relevant to mechanisms of insulin
action. Each group can be further divided according to the
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type of genetic abnormality. For example, (i) includes
defects in the insulin gene itself and Maturity Onset
Diabetes of the Young (MODY)***. MODY 1 through to
6 correspond to genetic abnormalities of HNF-40, gluco-
kinase, HNF 1o, IPF-1 (PDX-1), HNF-1p and NeuroD1/
Beta2™, respectively. Mitochondrial genetic abnormalities®®
and amylin genetic abnormalities” are also included in (i).
Recently, in neonatal diabetes, genetic abnormalities in
Kir6.2 and SURI, which form the K,pp channel in pancre-
atic B-cells, have been identified®"*%. Genetic abnormalities.
such as those in insulin receptors. are included in (ii)*®.

(B) Various types of diabetes associated with other disorders and
conditions: Some disorders, syndromes and conditions can
be accompanied by a diabetic stage, and these have conven-
tionally been called secondary diabetes. They include diabe-
tes associated with pancreatic disease, endocrine disease,
liver disease, drug use, exposure to chemical substances,
viral infections and various genetic syndromes.

Gestational Diabetes Mellitus

Glucose metabolism disorder that is first discovered or develops
during pregnancy, excluding clinically diagnosed diabetes mell-
itus (details described later). The etiology is presumably based
on common pathogenic mechanisms with type 1 and type 2,
with pregnancy triggering the manifestation of a glucose metab-
olism disorder. It is debated whether gestational diabetes mell-
itus (GDM) should be treated as an independent etiological
classification, but due to its clinical importance, the need for
special consideration and different features from diabetes in the
absence of pregnancy, it is treated as a separate category. This is
because pregnancy itself worsens glucose metabolism, and diag-
nosis and control require special considerations that are different
from those in the absence of pregnancy, and even a compara-
tively mild disorder in glucose metabolism during pregnancy
can exert significant influence on the infant and mother. In
addition, glucose metabolism disorders during pregnancy often
return to normal after delivery, but the risk of developing diabe-
tes in the future is increased in women who have disorders of
glucose metabolism during pregnancy.

Useful Findings for the Classification of Diabetes Mellitus

For etiological classification of diabetes, the following clinical

information is useful:

1. Detailed information about the family history of diabetes and
the mode of inheritance.

2. Age of onset and the course of diabetes.

3. Physical characteristics, such as obesity, history of weight
changes in the past, hearing disturbance (mitochondrial
DNA abnormality) and acanthosis nigricans (severe insulin
resistance).

4. For diagnosing type 1 diabetes mellitus, examination of
islet-associated antibodies such as GAD antibody, IA-2 anti-
body, insulin autoantibody (IAA; present before the use of
insulin), islet cell antibody (ICA) and ZnT8 antibody. The

© 2010 The Japan Diabetes Society

Jourmal of Diabetes Investigation Volume 1 Issue 5 October 2010

219



The Committee of the Japan Diabetes Society on the Diagnostic Criteria of Diabetes Mellitus

presence of any of these autoantibodies suggests type 1
diabetes.

5. Examination of HLA antigens. Disease-susceptible HLA rela-
ted to type 1 diabetes in Japanese patients are DR4 and DR9,
while disease-resistant HLA is DR2; as DR4 and DR9 are
also frequently present in healthy individuals, a diagnosis of
type 1 diabetes cannot be made only if these antigen types
are shown; this condition should be considered with an
ancillary diagnosis that patients having no DR4 or DR9 and
those having DR2 are unlikely to have type 1 diabetes, that
major disease-susceptible haplotypes of type 1 diabetes in
Japanese patients at the gene level (DNA typing) are
DRB1*0405-DQB1*0401 and DRB1*0901-DQB1*0303, and
that the manner in which these haplotypes are combined has
a bearing on the mode of development of the disease.

6. Tests for insulin secretion and insulin resistance (fasting
plasma insulin and C-peptide levels, insulin response to glu-
cose loading, and, in particular cases, hyperinsulinemic eugly-
cemic clamp or minimal model etc.).

7. DNA analysis may give a definite diagnosis in special cases
belonging to A(1) and A(2) in Table 2.

However, the etiological classification of diabetes mellitus
based on these data is not immediately required for treatment.

To assess the pathophysiological stage of diabetes, clinical
information (history of the disease, glycemic level and its stabil-
ity, ketosis-proneness, and response to diet and drug therapy),
plasma insulin assays (fasting and after glucose load, and after
intravenous glucagon), and C-peptide assays in plasma and
urine will help to evaluate the degree of insulin deficiency.

DIAGNOSIS

The diagnosis of diabetes mellitus is the process of confirming
that the subject conforms to the disease concept described earlier.
Confirmation of chronic hyperglycemia is essential for a diagnosis
of diabetes mellitus. Table 3 shows the criteria for fasting plasma
glucose levels, 75 g OGTT 2-h plasma glucose levels, casual
plasma glucose level and HbA,. measurements. Fasting plasma
glucose is measured before breakfast under fasting conditions, at
least 10 h from the night before (water may be consumed).
OGTT is described later. Temporal relation of diet to blood sam-
pling time is disregarded in the casual plasma glucose test.

The plasma glucose is often elevated temporarily in cases of
severe stress (for example, infections, myocardial infarction,
stroke and surgery). Therefore, excepting the situation of a
severe metabolic disturbance necessitating immediate treatment,
the evaluation of hyperglycemia should be made after resolution
of such stressful conditions.

We first describe the procedures for diagnosis in the clinical
setting, and then epidemiological study and health screening.

Clinical Diagnosis

Clinical diagnosis involves not only the presence or absence of
diabetes mellitus, but requires a comprehensive understanding
of the etiology, stage, degree of glucose metabolism disorder,

and the presence and degree of complications. In the present
report, plasma glucose and HbA, . levels are described as ‘type’,
as in past reports of the JDS. This is based on the position that
determination of test results and diagnosis of the disease (or a
group of diseases) are different.

Procedures for the Diagnosis of Diabetes Mellitus

1. At initial examination, if any of the following is observed, it is
determined to be ‘diabetic type’: (i) fasting plasma glucose
level 2126 mg/dL (7.0 mmol/L); (ii) 75 g OGTT 2-h value
2200 mg/dL (=11.1 mmol/L); (iii) casual plasma glucose
level 2200 mg/dL (=11.1 mmol/L); or (iv) HbA;. 26.5%.
Re-examination is conducted at another date, and diabetes
mellitus is diagnosed if ‘diabetic type’ is reconfirmed. How-
ever, a diagnosis cannot be made only on the basis of a repeat
HDbA,. examination. If the same blood sample is confirmed to
be a diabetic type both by the plasma glucose level and HbA, .
(any of [i] to [iii] plus [iv]), then diabetes mellitus can be diag-
nosed from the initial examination. When HbA . is used, it is
essential that the plasma glucose level (any of [i] to [iii]) also
indicates diabetic type for a diagnosis of diabetes mellitus
(Tables 4 and 5 and Figure 2).

2. If the plasma glucose level indicates diabetic type (any of [i]
to [iii]) and either of the following conditions exists, diabetes
mellitus can be diagnosed, even at the initial examination.

e The presence of typical symptoms of diabetes mellitus
(thirst, polydipsia, polyuria, weight loss).
e The presence of definite diabetic retinopathy.

3. If it can be confirmed that either of the conditions 1 or 2
existed in the past, diabetes mellitus must be diagnosed or
suspected, even if the present test values do not meet these
conditions.

4. If diabetes mellitus is suspected, but the diagnosis cannot be
made by conditions 1-3, diabetes mellitus should be sus-
pected, and plasma glucose level and HbA;. should be mea-
sured again within 3-6 months.

5. Points to keep in mind are that when fasting plasma glucose
level is used for determination, it is important to confirm the
fasting conditions. If the casual plasma glucose level is
2200 mg/dL (=11.1 mmol/L) at the initial examination, an
alternative test method is desirable at the second time. As a
rule, both plasma glucose level and HbA,. should be mea-
sured during examination. In case of the disorders and con-
ditions shown in Table 5, in which HbA ;. may be apparently
low, the plasma glucose level should be used for diagnosis.

OGTT and the Criteria for OGTT

1. Procedure of OGTT: OGTT evaluates the rate of glucose dis-
posal after an oral glucose challenge, and is the most sensitive
test to detect a mild disturbance of glucose metabolism.
When the results of the fasting plasma glucose level,
casual plasma glucose level or HbA,. measurement are not
definite, OGTT results provide solid information for diag-
nosing diabetes mellitus. In clinical practice, OGTT is
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recommended for confirming glucose tolerance in cases as

shown in Table 6, except when overt symptoms of diabetes,

marked hyperglycemia or ketosis are present. In fact, exten-
sive analyses in Japan have made it clear that when the fast-
ing plasma glucose level is 100 mg/dL (5.5 mmol/L) or

higher, or the HbA,  is 5.6% or higher, these include (i) a

group in which diabetes mellitus must be suspected; and (ii) a

group in which, if the disease is not present now, is at a high

risk for developing diabetes mellitus in the future. OGTT is
an important diagnostic tool allowing physicians to avoid the
risk of overlooking these patients™>**, In particular, OGTT is
strongly recommended in the case of (i) and should be car-

ried out if possible in case of (ii).

When conducting OGTT, the following conditions are nec-
essary to obtain an accurate result. After consuming meals
containing at least 150 g of carbohydrates for at least 3 days,
patients receive 75 g (as anhydride) of glucose or its equiva-
lent of 250-350 mL carbohydrate solution orally in the morn-
ing under fasting conditions. Blood is then sampled over time
to measure the plasma glucose levels. The solution should be
consumed within 5 min, and evaluation should be timed
from the time that the patient starts to drink. The patient
should be fasted for 10-14 h from the day before until the
test. Nothing, except for water, can be consumed until the test
is completed, and the patient should remain as quiet as possi-
ble and may not smoke during the test. Measuring urinary
glucose at the same time is useful to estimate the urinary glu-
cose excretion threshold. For a diagnosis of diabetes mellitus,
at least fasting and 2-h plasma glucose levels are measured.
Starvation or low carbohydrate intake may induce glucose
intolerance. In patients who have undergone a gastrectomy,
the plasma glucose level may rise dramatically soon after the
glucose load.

At the least, fasting and 2-h blood samples should be
taken. In clinical cases, it is recommended also to measure
plasma glucose at 30 and 60 min to enhance the accuracy of
diagnosis. The measurement of plasma insulin can help to
predict the risk for future development of diabetes.

2. Cut-off Levels for OGTT: Table 3 shows the criteria for diabe-
tes mellitus according to OGTT. As in past JDS committee
reports, the results are classified as normal, borderline and
diabetic types*™. The normal range and the diabetic range of
fasting plasma glucose levels and OGTT 2-h values are shown
in Table 3.

e Diabetic type: Either a fasting plasma glucose level of
126 mg/dL (7.0 mmol/L) or higher, or an OGTT 2-h value
0f 200 mg/dL (11.1 mmol/L) or higher is called diabetic type.

e Normal type: Normal type is defined as a range of glyce-
mia that is unlikely to develop into diabetes after several
years of observation. A fasting plasma glucose level below
110 mg/dL (6.1 mmol/L) and an OGTT 2-h value below
140 mg/dL (7.8 mmol/L) are called normal type. In a pre-
vious JDS report, normal type was considered as ‘patients
mostly do not develop diabetes mellitus even after several
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years of follow up’, and the plasma glucose criteria were
thus set at lower levels>. However, in the 1999 JDS report,
the upper limit of normal type was set at the same value as
the lower limit of the WHO IGT reference value. This was
partly in respect to the international reference value, and
partly because the progression rate among the Japanese
data from normal type to diabetic type was as low as 0.6-
1.0%".

e Borderline type: This category is defined when the pattern
of OGTT is neither diabetic nor normal type. Borderline
type includes heterogeneous conditions: a subject in transi-
tion to developing diabetes, diabetes in remission, insulin
resistance syndrome and temporary deterioration of glu-
cose tolerance due to stress in an essentially healthy indi-
vidual. Subjects with borderline type are at little risk of
developing  diabetes-specific microangiopathy, but at
increased risk of progressing to diabetes and to developing
macroangiopathy. The fasting plasma glucose level that
defines IFG is set at 100-125 mg/dL (5.5-6.9 mmol/L)"°
by the American Diabetes Association and at 110-125 mg/
dL (6.1-6.9 mmol/L)"! by the WHO. The JDS called the
range of 100-109 mg/dL (5.5-6.0 mmol/L) ‘high-normal’,
because those with a fasting plasma glucose level of
100 mg/dL (5.5 mmol/L) or higher are often borderline
type or diabetic type according to OGTT. However,
because the judgment of normal type is made in conjunc-
tion with the OGTT 2-h value, the fasting plasma glucose
criterion below 110 mg/dL (6.1 mmol/L) is retained®. The
JDS borderline type corresponds to a combination of IGT
and a narrowly defined IFG (elevated fasting plasma glu-
cose level only, not IGT). Individually, IGT and IFG are
often incongruent”.

Subjects with a 100 mg/dL (5.5 mmol/L) or higher fasting value
and a 1-h value of 180 mg/dL (10.0 mmol/L) or higher (steep
hyperglycemia) should be followed similarly to borderline type,
even if they belong to normal type, because it is known that such
individuals are at higher risk of developing diabetes. Diabetic
patients have a decreased early insulin response to glucose with a
low insulinogenic index, a 0.4 (WU/mL per mg/dL) or lower AIRI/
APG (the ratio of increment of plasma insulin to that of glucose
at 30 min after oral glucose load), and borderline types showing
low insulinogenic index have been reported to have a high risk of
progression into diabetes mellitus, and all of these are thought to
be fundamental characteristics of diabetes mellitus*~*.

Epidemiological Study

The purpose of epidemiological study is to estimate the preva-
lence and incidence of diabetes mellitus or glucose metabolism
disorders in a population and to examine their risk factors. In
this case, repeated examination of plasma glucose is usually dif-
ficult. While the reproducibility of fasting plasma glucose level
or OGTT results in each individual is not good, for each popu-
lation, the plasma glucose level distribution and the mean values
are reasonably reproducible. Consequently, when estimating the
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prevalence of diabetes mellitus, the determination of ‘diabetic
type’: based on a single test can be considered as representative
of ‘diabetes mellitus’ (Table 4). Because it is difficult to verify
that the subject actually observed the fasting time for the fasting
blood sample, HbA;. 26.5% is used as the standard as far as
possible. When using the fasting plasma glucose level, OGTT
2-h value or HbA,,, it is always necessary to clarify the diag-
nostic method in the survey report, because the prevalence of
‘diabetes mellitus’ and individual subjects diagnosed as having
‘diabetes mellitus’ vary according to the methods. When pre-
senting the survey results, it is desirable to include not only the
prevalence of ‘diabetes mellitus’ and borderline glucose metabo-
lism disorders, but also the distribution data on plasma glucose
levels and HbA,, in the study population.

Health Screening
The purpose of health screening is to detect diabetes mellitus
and its high risk groups. Therefore, in addition to measuring
plasma glucose and HbA,, information such as family history,
body weight history, pregnancy and birth history, present status
of obesity, blood pressure and findings concerning complica-
tions is gathered, and subjects at great risk of developing
diabetes mellitus should be identified. The diagnosis of subjects
thus screened then follows the same procedure as for clinical
diagnosis.

Since April 2008 in Japan, national health examinations and
health guidance have been conducted for health insurance sub-
scribers aged 40-74 years. The basic idea of the new health
screening system is to find those who need healthcare guidance
to prevent harmful lifestyle habits, focusing on visceral fat obes-
ity. Subjects who receive healthcare guidance are those with a
fasting plasma glucose level of 100 mg/dL (5.5 mmol/L; lower
limit of high- normal) or higher, which corresponds to an
OGTT 2-h value of 140 mg/dL (7.8 mmol/L) (lower limit of
borderline type), together with HbA;. 25.6%. From the stand-
point of diabetes prevention, test data are to be handled as fol-
lows, even in those failing to meet the Japanese criteria for waist
circumference and body mass index (Table 6).

1. If the fasting plasma glucose level or HbA;. corresponds to
the values that recommend further examination (fasting
plasma glucose 2126 mg/dL [7.0 mmol/L] or HbA,. 26.5%),
the subject is immediately examined at a healthcare facility,
because diabetes mellitus is strongly suspected.

2. If the fasting plasma glucose level is 110-125 mg/dL
(6.1-6.9 mmol/L) or HbA,. is 6.0-6.4%, OGTT should be
performed wherever feasible. If the result is borderline type,
follow up or lifestyle guidance is conducted. If the result is
diabetic type, the subject should be examined at a healthcare
facility.

3. If the fasting plasma glucose level is 100-109 mg/dL (5.5-
6.0 mmol/L) or HbA . is 5.6-5.9%, because the risk of devel-
oping diabetes mellitus or arteriosclerosis is probably greater
than in those with lower values, other risk factors (family
history, obesity, hypertension, dyslipidemia, etc.) are taken

into consideration, and provision of information, follow-up
observation or OGTT should be carried out.

Elderly People and Children

Elderly People

Diagnostic procedures for diabetes mellitus are performed as
usual in the elderly with the same reference ranges as described
earlier. Because OGTT 2-h plasma glucose levels tend to be
more elevated compared to fasting plasma glucose levels in
elderly people, it is advisable to confirm an increased HbA,. at
diagnosis. In elderly people showing only a slightly higher level
above the reference range, even though the condition is diabetic
type, it is preferable not to administer pharmacotherapy, but to
monitor the progress by providing lifestyle guidance alone as in
the borderline cases.

Children

In children, type 1 diabetes usually presents with overt symp-
toms and with marked hyperglycemia, leaving little problem in
diagnosis. However, if type 1 diabetes mellitus is diagnosed in
an asymptomatic child at a school health screening, it can be
difficult to determine the exact etiology of the disease. Slowly
progressive type 1 diabetes mellitus is not rare, even in chil-
dren, and measurement of autoantibodies, such as GAD anti-
body or IA-2 antibody, and monitoring of C-peptide are useful
to differentiate type 1 diabetes from other types. In Japan,
20-30% of childhood-onset type 2 diabetes mellitus is non-
obese, and sometimes differentiating this from slowly progres-
sive type 1 can be difficult. Although those who develop type 1
diabetes mellitus with onset in infancy or childhood quite often
show negative results of islet-associated antibodies, endogenous
insulin secretion of these patients is usually depleted from an
early stage. If an OGTT is needed to diagnose diabetes mellitus,
the glucose load should be actual body weight (in kilograms) x
1.75 g (maximum 75 g). The classifications of hyperglycemia
and the diagnosis of diabetes mellitus are the same as for
adults.

Diabetes mellitus with onset in newborns under 6 months-
of-age and infants often has a specific pathogenesis, such as
a single genetic abnormality, and is classified as neonatal
diabetes.

Gestational Diabetes Mellitus

Glucose metabolism disorders occurring during pregnancy can
be classified as pregnancy with pre-existing diabetes and hyper-
glycemic disorders in pregnancy, with the latter having two
forms: GDM and overt diabetes diagnosed or developed during
pregnancy.

The diagnosis of GDM is important because of the recogni-
tion that excessive fetal growth can occur even with mild glu-
cose metabolism disorders, increasing the perinatal risk. In
addition, even if the mother’s glucose metabolism disorder
improves after birth, she has an increased risk of developing
diabetes mellitus in the future. The definition of GDM has
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undergone many historical changes. In 2008, the results of an
international randomized comparative study of the effects of
mild hyperglycemia during pregnancy on the child, Hyperglyce-
mia and Adverse Pregnancy Outcome Study (HAPO Study)*!,
were reported. The report from this study made recommenda-
tions on the definition, diagnostic criteria and screening for
GDM based on evidence of an increase in perinatal complica-
tions*. Based on this, and considering consistency with interna-
tional guidelines, the definition of GDM excluded overt diabetes
and, following the International Association of Diabetes and
Pregnancy Study Groups (IADPSG) Consensus Panel, revised
the diagnostic criteria for GDM (Table 7). If diabetes mellitus
was present before pregnancy, the risk of fetal anomaly is
greater than that seen in GDM.

Risk factors for GDM include positive urinary glucose, family
history of diabetes mellitus, obesity, excessive weight gain, hav-
ing previously given birth to a large baby and aging. In order to
ensure detection of GDM, a casual plasma glucose test is con-
ducted at the first visit and at mid-term of pregnancy if insulin
resistance is elevated, and an OGTT is performed for those
patients with a plasma glucose level of 100 mg/dL (5.5 mmol/L)
or higher. A diagnosis of GDM is made if one or more of the
following criteria is met: fasting plasma glucose >92 mg/dL
(=5.1 mmol/L), 1-h value 2180 mg/dL (=10.0 mmol/L) or 2-h
value 2153 mg/dL (8.5 mmol/L). However, women who are
diagnosed with diabetes mellitus according to this clinical diag-
nosis are precluded from GDM.

COMMENTARY

This committee considered the following points when preparing
this report: (i) consistency with recent international reports;
(ii) sufficient application of recent data obtained in Japan; (iii)
succession of the basic concepts of the 1999 JDS committee
report on diabetes mellitus; and (iv) respect for the opinions of
the academic council. Points that could not be presented in the
main text will be discussed here.

Worsening and Improving of Stages of Diabetes

Figure 1 is a two-dimensional depiction of individual patient
positioning, with the etiological classification of diabetes mellitus
on the vertical axis and the degree of insulin deficiency on the
horizontal axis. The ‘diabetic area’ on the horizontal axis indi-
cates that hyperglycemia has exceeded a certain level or the
degree of insulin deficiency has exceeded a certain level. The
vertical axis of type 1 and type 2 shows the etiology (mecha-
nisms), although the word ‘diabetes’ is not used here. This is
because even if disease procession that can lead to diabetes mell-
itus is proceeding, it is not called ‘diabetes’ until hyperglycemia
has reached a certain stage or degree.

The arrows in Figure 1 point in both directions, and the
arrows pointing to the left indicate improvement in the diabetic
condition, either naturally or due to treatment. In the figures of
the American Diabetes Association'* and WHO, the left and
right arrows are depicted by a single line, but in Figure 1, the
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line pointing left is a separate and partially broken line.
Improvement of definite diabetes mellitus to the point of normal
glucose metabolism is not common, except in special cases, such
as pheochromocytoma resection or soft drink ketosis™. The
arrow pointing left can be said to represent the goal of diabetes
mellitus treatment.

Even if diabetes mellitus diagnosed in a patient improves with
treatment from diabetic type glucose tolerance to a borderline
or normal type, unless the underlying disease process has defi-
nitely been eliminated, the patient must still be considered and
treated as having diabetes and the subsequent course should be
observed.

Diagnostic Criteria and Relevant Matters

The Position of HbA; in the Diagnosis of Diabetes Mellitus

It is clinically useful to use HbA,. for making a diagnosis for
the following reasons. The use of this parameter is scientifi-
cally relevant in that elevation of HbA;. serves as an indicator
reflecting chronic hyperglycemia. Furthermore, HbA,. is speci-
fied as an indicator of glycemic control in the treatment guide
for diabetes mellitus. Its use enhances continuity of diagnosis
and treatment of diabetes, because day-to-day variations are
less conspicuous and not affected by dietary conditions, and
its use enables diagnosis of diabetes by one test even on a
single occasion. However, because the distribution of HbA,.
in diabetic types is broad, diabetes mellitus cannot be diag-
nosed by HbA,. alone (Figure 3), and HbA,. is affected by
red blood cell turnover in addition to plasma glucose levels
(Table 5)*%,

Diabetic type (FPG = 126 mg/dL
and/or 2hPG =200 mg/dL)
Diabetic type (FPG = 126 mg/dL
and 2hPG > 200 mg/dL)

— Normal type
— Borderline type

Percentage

T T T T
40 45 50 55
HbA, . (JDS) (%)

3.2 6.0

Figure 3 | Distribution of HoA;. in groups with varying degree of glu-
cose intolerance. Distribution of HbA;. (JDS) in 6720 normal types, 6296
borderline types and 5040 diabetic types. Among diabetic types, 2950
cases that had fasting plasma glucose (FPG) 2126 mg/dL (70 mmol/L)
and 2-h oral glucose tolerance test (2hPG) 2200 mg/dL (11.1 mmol/L)
are shown separately (Chikako Ito, Reference 4, with the author’s
permission).
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>
Figure 4 | Relationship between HbA;. and fasting plasma glucose

level and oral glucose tolerance test (OGTT) 2-h values. (a) Relationship
between fasting plasma glucose and HbA;. (JDS) (n = 6658). (b) Rela-
tionship between OGTT 2-h value and HbATc (JDS) (n = 6658). (c) Rela-
tionship between HbA,. (JDS) and fasting plasma glucose (n = 6658).
(d) Relationship between HbA,. (JDS) and OGTT 2-h value (n = 6658)
(Chikako Ito, unpublished data and Reference 45, with permission from
Diabetes Res Clin Pract).

In contrast, fasting plasma glucose and OGTT 2-h values have
long been used in the diagnosis of diabetes mellitus, and there
is ample evidence that they reflect chronic hyperglycemia and
that they are related to retinopathy, which is considered highly
characteristic of diabetes mellitus®***, In addition, these
have come to be regarded at the most important findings for a
diagnosis of diabetes mellitus. Therefore, this committee exam-
ined the relationship of fasting plasma glucose level and OGTT
2-h value to HbA;. in Japanese people, and the relationship
between HbA,. and retinopathy. Retinopathy was recorded by
fundus camera photography and the findings were judged by an
ophthalmologist.

When 6658 OGTT examinees aged under 60 years were
reviewed, a very high correlation between fasting plasma glucose
level and HbA,. was seen (r = 0.854), with a fasting plasma glu-
cose level of 126 mg/dL (7.0 mmol/L) corresponding to a HbA,.
(JDS) of 6.1%, calculated from the regression equation HbA,.
(JDS) = 1.869 + 0.0333x (fasting plasma glucose level in mg/dL;
Figure 4a). In the same manner, a correlation was identified
between OGTT 2-h value and HbA,, (r = 0.809), with an
OGTT 2-h value of 200 mg/dL (11.1 mmol/L) corresponding to
a HbA,. (JDS) of 6.0%, calculated from the regression equation
HbA,. (JDS) = 3.553 + 0.0122x (OGTT 2-h value; Figure 4b).
Conversely, when the fasting plasma glucose level and OGTT
2-h value corresponding to a HbA,. of 6.1% were sought from
the regression equations, fasting plasma glucose level = —9.2 +
21.9x (HbA,. [JDS]) and the OGTT 2-h value = —127.1 + 53.5x
(HbA,. [JDS]), a fasting plasma glucose level of 124.4 mg/dL
(691 mmol/L) and an OGTT 2-h value of 199.3 mg/dL
(11.07 mmol/L) corresponded to a HbA;. (JDS) of 6.1%
(Figure 4c,d). These results indicate that a HbA,. (JDS) of 6.1%
corresponds to the criteria for a diabetic range from the fasting
plasma glucose level and OGTT 2-h value®.

Second, based on data covering 36,267 examinees, the preva-
lence of diabetic retinopathy (except for capillary microaneurysm
alone) was compared by HbA;. and was found to be 0.06% for
HbA,. (JDS) <4.5%. The prevalence of diabetic retinopathy
increased with increasing HbA, to become as high as 0.59% for
HbA . (JDS) between 6.1 and 6.5%; hence, it was considered rele-
vant to set the cut-off value of HbA . (JDS) at 6.1% (Figure 5)%4,

The relationship between HbA, . and diabetic retinopathy
(moderate non-proliferative diabetic retinopathy and worse) is
being studied in the USA with an extensive amount of epide-
miological data. Specifically, a HbA;. (NGSP) 26.5% is being

(a)

—
(3]
~

Fasting plasma glucose level (mg/dL)

P
o
=

OGTT 2-h value (mg/dL)

HbA, . (JDS) (%)

e e

y=1.869+0.0333x
. r=0.854 (P < 0.0001)

0 100 126 200
Fasting plasma glucose level (mg/dL)

300

y=3.553+0.0122x
r=0.809 (P <0.0001)

5001

400 =

300 1

200 4

1244
100 =

200 300 400 500
OGTT 2-h value (mg/dL)

600

y=-92+219
r=0.854 (P <0.001)

800 1

600 -

y=-127.1 4 53.5x
r=0809 (P < 0.0001)

56.1 10 15 20
HbA, (JDS) (%)

224

Jourmal of Diabetes Investigation Volume 1 Issue 5 October 2010

© 2010 The Japan Diabetes Society



Percentage
o

T T T

45 46- 51- 56— 61- 66- 71- 76- 81- 91—
' 50 55 60 65 70 75 80 90 '

HbA, . (JDS)

Figure 5 | HbA,. (JDS) and frequency of diabetic retinopathy
(n = 36,267). Excluding those with capillary microaneurysms alone
(Chikako Ito, unpublished data).

advocated as diagnostic for diabetes mellitus based on the high
frequency of retinopathy at this level"”. It has been pointed out
in individual cases that there is a possibility of overlooking the
disease if the diagnosis is made based on HbA;. alone™. A
recent report regarding diagnostic exploration for the risk of dia-
betes indicates that, compared to the fasting plasma glucose
level, HbA,. shows an equivalent relationship to the risk of
developing diabetes mellitus and a stronger relationship with
cardiovascular diseases and death®’.

Concerning HbA,.®

1. Definition of HbA,,

HbA,. was originally named as one of the chromatography
peaks in the hemoglobin of healthy people as a trace compo-
nent, but the IFCC redefined the substance as hemoglobin that
is non-enzymatically and stably bound to glucose, a valine on
the hemoglobin’s B-chain N-terminal being glycosylated to
formB-N1-deoxyfructosyl Hb**~*,

2. HbA . measurement and precision control

Presently, the exact separation of the stable form B-N1-mono-
deoxyfructosyl Hb by high performance liquid chromatography
using cation-exchange resin is established as the standard
method of HbA,. measurement. Other methods of measure-
ment include immunological methods (latex agglutination
immunoassay [inhibition assay], agglutination immunoassay
[blocking assay] and turbidimetric immunoinhibition) and an
enzymatic method. Each of these can accurately measure the
stable form B-N1- deoxyfructosyl Hb.

However, to maintain the precision and stability of the mea-
sured values, nationwide surveillance of differences in measured
values between facilities and test methods, facility certification,
and disclosure of information on assay reagents are necessary.
Especially in some Point of Care (POC) devices for simplified
HbA . measurement, standardization is seen as insufficient and
the use of such devices for diagnosis of diabetes mellitus cannot
be recommended at this time.

Clinical diagnosis of diabetes mellitus

3. Notation for the international standardization of HbA;,

HbA,. described in the JDS values that are used in Japan,
despite its leading position in the world in precision control and
progressive standardization'>'”, has the problem that it is
approximately 0.4% lower than the HbA,. described in the
NGSP values that are used by almost every other country. Inter-
national standardization using a new notation with numeric val-
ues very different from the previous ones is being studied by the
IFCC, including Japan, to solve the various problems facing
HbA,. measurement. This notation (IFCC value), which exactly
indicates the currently defined B-NI-deoxyfructosyl Hb, is
approximately 1.5% lower than HbA;. (JDS)(%) and 1.9% lower
than HbA,. (NGSP; %), and mistakes and confusion in clinical
diagnosis might occur if it were immediately adopted in general
medical practice. Therefore, the IFCC recommends use of the
System International (SI) unit (mmol/mol) to indicate the IFCC
value. However, shifting to that notation will probably take con-
siderable time, and the JDS has decided that a notation that
does not differ from HbA;. (NGSP) should be used in the
current revision from the standpoint of emphasizing interna-
tional standardization, as follows. The HbA . (%) is estimated
as a NGSP equivalent value (%) calculated by the formula
HbA;. (%) = HbA;. (JDS; %) + 0.4%, considering the relational
expression of HbA;. (JDS; %) measured by the previous Japa-
nese standard materials and measurement methods and HbA .
(NGSP) (NGSP [%] = 1.019xJDS [%] + 0.30) and the coeffi-
cient of variance of 2-3% in the measurement of HbA .

Evidence for Setting Reference Values for Diabetic Type
Complications characteristic of diabetes mellitus are closely
related to hyperglycemia. The degree of hyperglycemia at which
complications will occur is the basis for setting plasma glucose
reference standards to determine diabetes mellitus®'. Fasting
plasma glucose level, OGTT 2-h value or HbA,. all show a rela-
tionship with retinopathy™>.

The fasting plasma glucose level and OGTT 2-h value that
determine the ‘diabetic type’ in the 1999 JDS report are the same
as the reference values that decide ‘diabetes mellitus’ in the reports
of the ADA and the WHO. This was due to the importance of
international consistency and, in the Japanese data, the mean fast-
ing plasma glucose level corresponding to a 75 g OGTT 2-h value
of 200 mg/dL (11.1 mmol/L) is approximately 125 mg/dL
(6.9 mmol/L) in patients under the of age 60 years*>>>.

When viewed with reference to domestic and overseas cross-
sectional survey decile method data, in contrast, the risk of
retinopathy apparently increases with a fasting plasma glucose
level of 140 mg/dL (7.8 mmol/L), an OGTT 2-h value of 230-
240 mg/dL (12.8-13.3 mmol/L) or a HbA,. of 6.9%, and some
studies claim that these levels should be used as the reference
values for determining the diabetic type®**. That is, the current
reference values of fasting plasma glucose level 2126 mg/dL (=7.0
mmol/L) and OGTT 2-h value >200 mg/dL (=11.1 mmol/L)
may be set too low from the point of view of apparent retinopa-
thy risk. However, these reference standards have been adopted
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because: (i) reference values to determine diabetic type need to
conform to international reference values as far as possible; and
(ii) the aforementioned data by decile method are from a cross-
sectional survey, and it seems preferable to begin treatment before
the risk of retinopathy markedly increases and to prevent hyper-
glycemia from reaching that level.

Casual plasma glucose level >200 mg/dL (=11.1 mmol/L) was
added to the determination of diabetic type. This is because
plasma glucose measured 1.5-3 h after eating exceeding
200 mg/dL (11.1 mmol/L) usually reflects a more severe degree
of glucose metabolism disorder than a 75 g OGTT 2-h value of
200 mg/dL (11.1 mmol/L) or higher, and casual plasma glucose
levels often do not reach 200 mg/dL (11.1 mmol/L), even if the
OGTT indicates a diabetic type”. For these reasons, the com-
bined use of HbA,. measurement and another method other
than casual plasma glucose level is recommended for diabetes
mellitus screening and early diagnosis.

Diagnosis of ‘Diabetes’ by Fasting Plasma Glucose Level and
Oral Glucose Tolerance Test

Diabetic type can be determined by fasting plasma glucose level
or OGTT 2-h value or HbA,.. In the Japanese health screening
data, determining the diabetic type from OGTT 2-h value alone
results in a greater frequency of diabetic type than by determi-
nation using the fasting plasma glucose level alone. However,
the reverse can also be true depending on the country. Assess-
ment results according to these two reference values in each
individual are frequently discordant™. From a pathophysiologi-
cal viewpoint, fasting plasma glucose level is primarily deter-
mined by glucose output from the liver, while OGTT 2-h value
is affected by the absorption rate of glucose from the gut, the
utilization rate of glucose by muscle and other peripheral tissues,
and changes in glucose handling by the liver. It is thus conceiv-
able that fasting plasma glucose level and OGTT 2-h value do
not increase in parallel in some patients.

In the Japanese population, it is common for an increase in
the OGTT 2-h value to precede an increase in the fasting
plasma glucose level. Therefore, to actively detect mild glucose
metabolism disorders, a fasting plasma glucose level alone is
insufficient, and performing the OGTT is important. Measuring
insulin levels at the same time is very useful to understand the
clinical condition and predict future onset of diabetes mellitus,
and is strongly recommended.
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