
clinical practice

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

This Journal feature begins with a case vignette highlighting a common clinical problem. 
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,  

when they exist. The article ends with the author’s clinical recommendations. 

n engl j med 367;6  nejm.org  august 9, 2012542

An audio version 
of this article 
is available at 

NEJM.org 

Diagnosis of Diabetes
Silvio E. Inzucchi, M.D.

From the Section of Endocrinology, Yale 
University School of Medicine, New Ha-
ven, CT. Address reprint requests to Dr. 
Inzucchi at the Section of Endocrinology, 
Yale University School of Medicine, 333 
Cedar St., FMP-106, New Haven, CT 
06520, or at silvio.inzucchi@yale.edu.

N Engl J Med 2012;367:542-50.
DOI: 10.1056/NEJMcp1103643

Copyright © 2012 Massachusetts Medical Society.

A 42-year-old asymptomatic man with hypertension presents for his annual physical 
examination. His medications include atenolol combined with chlorthalidone (at doses 
of 50 mg and 25 mg, respectively, per day). Both parents had type 2 diabetes mellitus 
later in life. He does not smoke cigarettes. His body-mass index (BMI, the weight in 
kilograms divided by the square of the height in meters) is 32.3, and his blood pres-
sure is 130/80 mm Hg. Would you screen the patient for diabetes, and if so, how?

The Clinic a l Problem

Type 2 diabetes is a complex disease that is typically diagnosed in midlife and is 
characterized by progressive defects in insulin secretion and action. In the context of 
increased caloric intake and decreased activity levels in Westernized societies, the prev-
alence of type 2 diabetes continues to climb. According to the Centers for Disease 
Control and Prevention, 25.8 million persons in the United States (or 8.3% of the 
population) have the disease, which is diagnosed in approximately 2 million per-
sons each year.1 Diabetes is usually silent in its initial stages, and irreversible com-
plications may develop before treatment is begun.2 Data from randomized trials 
indicate that early and aggressive antihyperglycemic therapy significantly reduces 
the risk of long-term microvascular complications.2,3 Although the effects of tight 
glucose control on macrovascular disease are less clear,4 the diagnosis of diabetes 
in a patient provides the opportunity to apply evidence-based strategies for reducing 
cardiovascular risk, such as the management of blood pressure and lipid levels.

Type 2 diabetes is preceded by a lengthy asymptomatic stage, termed prediabetes, 
which is characterized by mild hyperglycemia, insulin resistance, and early decrements 
in insulin secretory capacity. Data from randomized trials show that progression to 
diabetes from this at-risk stage can be reduced through lifestyle modification.5,6 
The identification of persons with prediabetes, who are now estimated to number 
79 million in the United States,1 allows for the introduction of interventions to re-
duce risk.

S tr ategies a nd E v idence

Screening for Diabetes

The American Diabetes Association (ADA)7 and the Veterans Health Administration 
(VHA)8 recommend diabetes screening beginning at 45 years of age; the ADA ad-
vises earlier screening in patients with risk factors (Table 1). In contrast, routine 
screening is not recommended by the U.S. Preventive Services Task Force (USPSTF),9 
given the absence of rigorous data to show that screening and early treatment im-
prove outcomes; this group recommends screening only in asymptomatic adults with 
a sustained blood pressure greater than 135/80 mm Hg — mainly because of lower 
blood-pressure targets once the diagnosis of diabetes is established.
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Glucose Levels
Before 1997, the diagnosis of diabetes was de-
fined by the ADA and the World Health Organiza-
tion (WHO) as a fasting plasma glucose level of 
140 mg per deciliter (7.8 mmol per liter) or more 
or a 2-hour plasma glucose level of 200 mg per 
deciliter (11.1 mmol per liter) or more during an 
oral glucose-tolerance test (OGTT) conducted with 
a standard loading dose of 75 g. This definition 
was based on earlier recommendations from the 
National Diabetes Data Group.10 These values were 
originally chosen on the basis of the risk of future 
symptoms of uncontrolled hyperglycemia. In 1997, 
with recommendations from the Expert Committee 
on the Diagnosis and Classification of Diabetes 
Mellitus,11 the ADA and the WHO12 lowered the 
diagnostic threshold to a fasting plasma glucose 
level of 126 mg per deciliter (7.0 mmol per liter) 
— the level at which a unique microvascular com-
plication of diabetes, retinopathy, becomes de-
tectable. The OGTT identifies more patients as 
having diabetes than the fasting plasma glucose 
test, but the former test has drawbacks, including 
greater expense and complexity and lower repro-
ducibility. Thus, the fasting plasma glucose test 
has been the preferred test in the United States. 
The diagnosis is confirmed by repeat testing on 
a separate day. In symptomatic patients, a random 
plasma glucose level of 200 mg per deciliter or 
more also establishes the diagnosis and does not 
require confirmation.

The only recognized at-risk category for dia-
betes before 1997 was impaired glucose tolerance, 

as identified on the basis of a 2-hour plasma 
glucose level of 140 to 199 mg per deciliter (7.8 to 
11.0 mmol per liter) during an OGTT. With the 
revised 1997 criteria, a corresponding state was 
identified on the basis of the fasting plasma glu-
cose level: impaired fasting glucose. Although the 
original criterion for this diagnosis was a fasting 
glucose level of 110 to 125 mg per deciliter (6.1 to 
6.9 mmol per liter),11 this criterion was later low-
ered by the ADA (but not by the WHO) to 100 to 
125 mg per deciliter (5.6 to 6.9 mmol per liter) to 
increase sensitivity (with an acceptable drop in 
specificity) for persons with an increased diabe-
tes risk.13

Longitudinal investigations have shown that 
persons categorized as being “impaired” by any 
of these definitions have approximately a 5 to 10% 
annualized risk of diabetes, a risk that is greater 
by a factor of approximately 5 to 10 than that 
among persons with normal glucose tolerance or 
normal fasting glucose. Risks appear to be simi-
lar among persons with isolated impaired fasting 
glucose (i.e., without impaired glucose tolerance) 
and isolated impaired glucose tolerance (without 
impaired fasting glucose).14 However, the propor-
tion of patients with impaired glucose tolerance 
tends to be greater than that with impaired fast-
ing glucose in most populations. Persons with 
both impaired fasting glucose and impaired 
glucose tolerance have a higher risk of diabetes 
(approximately 10 to 15% per year) than those 
with only one abnormality. Whereas both pre-
diabetic states are associated with increased total 
and cardiovascular mortality, impaired glucose 

key Clinical points

Diagnosis of Diabetes

•	 �Early screening and diagnosis allow for the identification of at-risk persons (so that preventive measures, primarily life-
style changes, may be undertaken) and those with early disease (so that treatment can be initiated).

•	 �The diagnostic cutoff point for diabetes is a fasting plasma glucose level of 126 mg per deciliter (7.0 mmol per liter) or 
more or a glycated hemoglobin level of 6.5% or more; the diagnosis requires confirmation by the same or the other test.

•	 �A fasting glucose level of 100 to 125 mg per deciliter (5.6 to 6.9 mmol per liter) is consistent with prediabetes; the range 
of glycated hemoglobin levels that are diagnostic of prediabetes is controversial, but the American Diabetes Association 
recommends a range of 5.7 to 6.4%.

•	 �Hemoglobinopathies and conditions of altered red-cell turnover can give spurious results for glycated hemoglobin; racial 
and ethnic differences in glycated hemoglobin levels have been reported for given ambient glucose levels.

•	 �Testing of glycated hemoglobin or fasting plasma glucose appears to identify different groups of patients with diabetes 
and prediabetes, yet both tests identify patients at similar risk for adverse sequelae.
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tolerance tends to be a better predictor than im-
paired fasting glucose.14

Glycated Hemoglobin
Glycated hemoglobin has long been used in the 
management of established diabetes as a bio-
marker of long-term glycemic control. Levels of 
this end product of nonenzymatic glycation of the 
most prevalent protein in blood correlate well 
(though not perfectly) with average ambient blood 
glucose levels during the previous 2 to 3 months. 
Until recently, the lack of international standard-
ization made glycated hemoglobin testing a sub-
optimal choice for diabetes screening. However, the 
glycated hemoglobin test is now globally stan-
dardized, so clinical laboratory results are com-
parable to those reported in the Diabetes Control 
and Complications Trial and United Kingdom Pro-
spective Diabetes Study, two trials that validated 
the direct relationship between glycated hemo-
globin levels and clinical outcomes in patients with 
type 1 and 2 diabetes, respectively.15 In response, in 
2009, the International Expert Committee (IEC) 
recommended the use of this test for the diagno-
sis of diabetes, with a threshold level of 6.5%.16 
This recommendation was based on the observa-
tion that the 6.5% threshold was as accurate in 
indicating a risk of retinopathy as were cutoff 
points for fasting plasma glucose and 2-hour plas-
ma glucose, combined with the recognized advan-
tages of glycated hemoglobin testing (Table 2), 

particularly the fact that fasting is not required. 
The measurement of glycated hemoglobin for dia-
betes diagnosis was subsequently adopted as an 
optional test by the ADA (in 2010)18 and the WHO 
(in 2011).19

On the basis of data showing an increased risk 
of diabetes among persons with increased gly-
cated hemoglobin levels that were still below the 
cutoff point for diabetes, the ADA also defined a 
prediabetic glycated hemoglobin range of 5.7 to 
6.4%, which was an expansion of the original rec-
ommendation by the IEC that levels of 6.0% to 
6.4% be considered high risk.16,18 In contrast to 
the risk of retinopathy, which abruptly increases at 
a well-defined glycated hemoglobin level, the risk 
of diabetes increases along a glycemic continuum. 
As with fasting plasma glucose and 2-hour plas-
ma glucose, the lower bound for such a range in 
glycated hemoglobin values must balance adequate 
sensitivity (to include persons who would benefit 
from prevention strategies) with specificity (to 
avoid the inclusion of persons at relatively low ab-
solute risk, for whom intervention may not be cost-
effective). The selected range described a group 
of persons with at least five times the risk of dia-
betes developing over a period of 5 to 10 years 
(and an annualized incidence of at least 5% per 
year) as compared with those with a glycated he-
moglobin level of less than 5%. Logically, the risk 
increases further as a glycated hemoglobin level 
of 6.5% is approached, with a comparative relative 

Table 1. American Diabetes Association Recommendations for the Screening of Asymptomatic Persons for Diabetes.*

Screen beginning at 45 yr of age, at least every 3 yr

Screen at any age and more frequently if the body-mass index is 25 or more and if the person has at least one additional 
risk factor:

Family history of diabetes (first-degree relative)

High-risk race (e.g., black, Native American, Asian, and Pacific Islander) or ethnic group (Hispanic)

Glycated hemoglobin level of 5.7% or more or impaired fasting glucose or impaired glucose tolerance on previous 
testing

History of gestational diabetes or delivery of a baby weighing more than 9 lb (4.1 kg)

The polycystic ovary syndrome

Hypertension (blood pressure ≥140/90 mm Hg; or therapy for hypertension)

HDL cholesterol level of less than 35 mg per deciliter (0.91 mmol per liter), triglyceride level of more than 250 mg per 
deciliter (2.8 mmol per liter), or both

History of cardiovascular disease

Physical inactivity

Other clinical conditions associated with insulin resistance (e.g., severe obesity and acanthosis nigricans)

*	Data are adapted from the American Diabetes Association.7 HDL denotes high-density lipoprotein.
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risk in excess of a factor of 10 (and an annualized 
incidence of 5 to 10% per year).20 The risk of 
diabetes at any given glycated hemoglobin level 
increases with the presence of other risk factors 
(e.g., obesity and a family history of diabetes).

Despite some advantages, the use of glycated 
hemoglobin testing has its limitations.17 Depend-
ing on the assay, spuriously low values may occur 
in patients with certain hemoglobinopathies (e.g., 
sickle cell disease and thalassemia) or who have 
increased red-cell turnover (e.g., hemolytic anemia 
and spherocytosis)21 or stage 4 or 5 chronic kidney 
disease, especially if the patient is receiving eryth-
ropoietin.22 In contrast, falsely high glycated he-
moglobin levels have been reported in association 
with iron deficiency and other states of decreased 
red-cell turnover.23 Some investigators have re-
ported a “glycation gap,” or different glycated he-
moglobin levels in patients with the same mean 
ambient blood glucose levels.24 This phenomenon 
may result from genetically determined altered 
access of glucose to the intracellular compartment 
(where hemoglobin resides), although this hypoth-
esis is controversial.25 Inconsistencies in the cor-
relations between glycated hemoglobin and other 
measures of ambient glycemia have also been re-
ported in different ethnic and racial groups, find-
ings that suggest genetic influences on hemoglo-
bin glycation. For example, blacks appear to have 
slightly higher glycated hemoglobin levels (an ab-
solute increase of 0.2 to 0.3 percentage points) 

than whites.26 It is unclear whether this observa-
tion reflects differences in rates of postprandial 
hyperglycemia or in glycation rates.27 These po-
tential pitfalls must be recognized when glycated 
hemoglobin testing is used for diagnosis, espe-
cially for prediabetes, since the cutoff points for 
this state are already somewhat arbitrary.

In most studies, glycated hemoglobin testing 
identifies fewer patients with diabetes than does 
testing for fasting plasma glucose or 2-hour plas-
ma glucose.28-31 These measures may also identify 
distinct patients as having diabetes — groups that 
overlap only partially. For example, in a popula-
tion-based study of U.S. adults without known 
diabetes, the proportions of patients with an ab-
normal fasting plasma glucose level (≥126 mg per 
deciliter) and a nondiabetic glycated hemoglobin 
level (<6.5%), a nondiabetic fasting plasma glu-
cose level (<126 mg per deciliter) and an abnor-
mal glycated hemoglobin level (≥6.5%), or both 
abnormalities were 1.8%, 0.5%, and 1.8%, respec-
tively.28 Moreover, in a prospective cohort study 
of older U.S. adults, roughly one third of cases 
of newly identified diabetes were detected by 
fasting plasma glucose testing only, one third by 
glycated hemoglobin testing only, and the re-
mainder by both tests.26 Furthermore, persons 
identified as having diabetes by glycated hemo-
globin levels only were more likely to be black 
than those identified with the use of glucose lev-
els.26,28,29 Clearly, a move to increase the use of 

Table 2. Advantages and Disadvantages of Screening Tests for Diabetes.*

Testing Method Advantages Disadvantages

Fasting plasma glucose Extensive experience, widespread 
availability, low cost

Fasting required, reflects glycemia solely at moment of sampling, sub-
stantial biologic variability, potential influence of acute illness, sample 
instability in vial, lack of global standardization

Oral glucose-tolerance test Most sensitive test, earliest marker 
of glucose dysregulation

Fasting required, substantial biologic variability, poor reproducibility from 
day to day, lack of association of results with complications over time, 
sample instability in vial, more time required, inconvenience, higher 
cost, lack of global standardization of plasma glucose measurements

Glycated hemoglobin Fasting not required, low biologic 
variability, marker of long-term 
glycemia, stable during acute  
illness, sample stability in vial, 
global standardization, close  
association of results with  
complications

Lack of reliability in patients with hemoglobinopathies (e.g., sickle cell 
disease and thalassemia, usually with reduced levels), unreliability in 
certain anemias with high red-cell turnover (e.g., hemolytic anemia, 
usually with reduced levels) or low red-cell turnover (e.g., iron defi-
ciency, usually with increased levels), lack of reliability after recent 
transfusion (in the previous 2 to 3 mo), falsely low results in advanced 
(stage 4 or 5) renal disease, racial and ethnic differences (e.g., slightly 
higher in blacks), possibility of a glycation gap (differential glycation 
in response to the same ambient glucose exposure between persons), 
higher cost, lack of global availability

*	Data are adapted from Sacks.17
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glycated hemoglobin testing for screening would 
affect the epidemiology of diabetes.32,33 Similar 
patterns have been reported for the diagnosis of 
prediabetes with glycated hemoglobin versus 
fasting plasma glucose.29,32,33 Although these 
findings have led some observers to question the 
use of glycated hemoglobin for diagnostic pur-
poses,34,35 these questions are counterbalanced by 
the absence of an absolute standard measure-
ment for the diagnosis of diabetes and the ob-
servation that all methods in use correlate 
equally well with retinopathy risk.36

Combined Screening
An alternative but more costly option, which has 
been proposed by several investigators,37-40 is to 
measure both glycated hemoglobin and fasting 
plasma glucose, either simultaneously or in se-
quence, a strategy that might be considered for 
patients at highest risk. (In practice, fasting plas-
ma glucose may have been checked as part of a 
routine blood chemical profile in patients who are 
being screened with glycated hemoglobin testing.) 
Given the different yields of these two measures, 
this approach is likely to capture substantially more 
patients than the use of either test in isolation.

When the results of two tests are available but 
discordant, a reasonable and cautious approach is 
to let the abnormal test result (if repeated and 
confirmed) guide categorization, as recommend-
ed by the ADA.18 In this context, the nondiagnos-
tic result usually is close to the abnormal range. 
However, if results are more widely discrepant 
(e.g., a fasting plasma glucose level of 123 mg 
per deciliter [6.8 mmol per liter] but a glycated 
hemoglobin level of 5.1%), repeat testing is indi-
cated. In some cases, transient aberrations in 
glucose levels (as with acute illness) or abnor-
mally low or high glycation rates may underlie 
such incongruities. An OGTT might be helpful in 
certain cases.

Diabetes Prevention

The identification of any prediabetic state warrants 
education of the patient regarding diabetes risk as 
well as lifestyle measures that may be undertaken 
to mitigate this risk. Two large clinical trials have 
shown the effectiveness of intensive lifestyle inter-
ventions in high-risk patients (overweight or obese 
with impaired glucose tolerance), with a relative 
risk reduction of 58% in the diagnosis of diabetes 
during a 3-year period.5,6 The specific intervention 

in the largest study, the Diabetes Prevention Pro-
gram (DPP), involved regular aerobic exercise (at 
least 30 minutes on most days of the week) and a 
calorie-restricted diet to promote the loss of 7% of 
body weight.5 Metformin was also tested in the 
DPP; the relative risk reduction with this drug (31%) 
was approximately half that with lifestyle interven-
tion, and the drug appeared to be particularly ef-
fective in patients under the age of 60 years, with a 
BMI over 35 and with a fasting plasma glucose level 
over 110 mg per deciliter.5,41 Other glucose-low-
ering or antiobesity agents (i.e., acarbose, rosigli-
tazone, pioglitazone, and orlistat) have also been 
shown in randomized trials to reduce the risk of 
diabetes.42 All drugs have important side effects 
to consider, and none are approved by the Food and 
Drug Administration (FDA) for this indication.

A r e a s of Uncerta in t y

Although it appears logical to screen high-risk pa-
tients for dysglycemia, data are lacking to show 
that diabetes screening (outside of pregnancy) 
improves more than biochemical outcomes. The 
choice of a preferred screening test (fasting plas-
ma glucose or glycated hemoglobin) remains argu-
able. In the United States, the OGTT has largely 
been abandoned outside of screening for gesta-
tional diabetes, owing to its complexity and low 
reproducibility.

It is unclear whether the risk of complications 
of diabetes differs according to whether the dis-
ease was diagnosed by means of fasting plasma 
glucose testing only or glycated hemoglobin test-
ing only. Preliminary data from a large, commu-
nity-based prospective cohort study suggest that 
the glycated hemoglobin level, which integrates 
fasting and postprandial glucose levels over a lon-
ger period, might be a better predictor of certain 
complications — especially cardiovascular dis-
ease.43 It is also not known whether the risk of 
diabetes differs between patients identified as hav-
ing prediabetes by means of glycated hemoglobin 
testing and those identified by means of fasting 
plasma glucose testing. Such risks probably vary 
according to which test is used ultimately to make 
the diagnosis. Ongoing research is assessing the 
value of risk scores that incorporate not only gly-
cemic measures but also other biomarkers and 
risk factors to estimate diabetes risk.44,45

Other ambiguities relate to treatment strate-
gies for patients in whom prediabetes has been 
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diagnosed. Do lifestyle or pharmacologic interven-
tions in these patients truly prevent diabetes or 
simply delay its onset? Given the cumulative vas-
cular risk associated with diabetes and the poten-
tial legacy effect of glycemic control (long-term 
benefit from early metabolic stability), even a mod-
est delay of a few years in the onset of diabetes 
may be a worthwhile goal. However, diabetes-
prevention trials to date7,8 have focused on gly-
cemic end points and were not powered to assess 
diabetes-related complications. Recent data sug-
gest that generic metformin therapy may be par-
ticularly cost-effective in this context,46 but the 
long-term benefits and risks of this or other medi-
cations (or bariatric surgery) are uncertain. There 
are also uncertain consequences of designating a 
risk factor (e.g., high fasting plasma glucose) as 
a disease state.

Guidelines

ADA7,18 recommendations for diabetes screening 
are summarized in Table 1; the ADA diagnostic 
criteria are listed in Table 3, along with those of 
the WHO.19 As mentioned, the USPSTF recom-
mends screening only in adults with hypertension 
(blood pressure, >135/80 mm Hg).9 The Ameri-
can Association of Clinical Endocrinologists 
(AACE),47 the VHA,8 and the WHO use the ADA 
criteria for diabetes; the AACE advises confirma-
tion with fasting plasma glucose testing when 
the diagnosis is made on the basis of glycated 
hemoglobin testing. For the identification of pre-
diabetes, the ADA is the sole group to fully en-

dorse glycated hemoglobin testing, with a cutoff 
range of 5.7 to 6.4%7,18 and no recommended 
confirmatory testing. The AACE allows for the 
use of glycated hemoglobin testing to screen for 
prediabetes but stipulates the need for follow-up 
testing of fasting plasma glucose for those with 
values of 5.5 to 6.4%.47

Conclusions  
a nd R ecommendations

The identification of patients with diabetes or 
prediabetes by screening allows for earlier inter-
vention, with potential reductions in future com-
plication rates, although randomized trials are 
lacking to definitively show benefit. The patient 
described in the vignette has risk factors (obesity, 
hypertension, and a family history of diabetes) 
and should be screened. Whether fasting plasma 
glucose or glycated hemoglobin is measured re-
mains debatable; each test has advantages and 
disadvantages (Table 2). Given that the yield of 
testing is higher when both tests are performed, 
I typically assess both simultaneously — although 
most guidelines suggest the use of a single test 
initially. If the patient has positive results on both 
tests, the diagnosis is confirmed. If only one test 
is positive, I would repeat it on a separate day. If 
diabetes is confirmed, treatment should be initi-
ated on the basis of current guidelines (see Fig. 1 
for a proposed screening algorithm).48,49

If prediabetes is identified, a repeat test is not 
necessary. Lifestyle changes (diet and exercise) 
should be encouraged; a greater intensity of inter-

Table 3. Major Diagnostic Criteria for Diabetes and Prediabetic or At-Risk States.*

Measure American Diabetes Association World Health Organization

Diabetes Prediabetes Diabetes Impaired Glucose Regulation

Fasting plasma glucose ≥126 mg/dl 100–125 mg/dl (IFG) ≥126 mg/dl 110–125 mg/dl (IFG)

2-Hr plasma glucose (during an OGTT 
with a loading dose of 75 g)

≥200 mg/dl 140–199 mg/dl (IGT) ≥200 mg/dl 140–199 mg/dl (IGT)

Casual (or random) plasma glucose  
(in a patient with classic hyper
glycemic symptoms)

≥200 mg/dl ≥200 mg/dl

Glycated hemoglobin ≥6.5% 5.7–6.4% ≥6.5%

*	Data are adapted from the American Diabetes Association,7,18 Alberti and Zimmet,12 and the World Health Organization.19 All listed plasma 
glucose levels are based on venous sampling. All tests (except for casual plasma glucose in a symptomatic patient) should be repeated and 
confirmed on a separate day. (The American Diabetes Association allows for glycated hemoglobin testing to be paired with fasting plasma 
glucose testing on the same day. If the values for both tests are in the diabetic range, the diagnosis is confirmed.) To convert the values  
for glucose to millimoles per liter, multiply by 0.05551. IFG denotes impaired fasting glucose, IGT impaired glucose tolerance, and OGTT 
oral glucose-tolerance test.
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vention may be warranted in patients with higher 
glucose or glycated hemoglobin levels and with 
additional risk factors, since such findings pre-
dict more rapid progression to diabetes. I might 
consider metformin if progressive increases in 
glycemic measures were observed during follow-
up, although the FDA has not approved metformin 
for this indication. Attention should also be paid 
to other cardiovascular risk factors. I might change 
the patient’s antihypertensive therapy to an angio-
tensin-converting–enzyme inhibitor, given the as-
sociations between the use of a beta-blocker or 
thiazide and an increased risk of diabetes in some 
studies.50 Periodic visits (every 6 to 12 months) are 

warranted to assess and encourage adherence to 
lifestyle recommendations and to follow glycemic 
status.
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Check FPG, glycated hemoglobin,
or both every 1–3 yr

At-risk patient

Normal Diabetes suspectedIFG or IGH

ConfirmPrediabetes

Prediabetes DiabetesLifestyle change

Improved glycemia Progressive hyperglycemiaStable glycemia

Continue lifestyle change
Check FPG, glycated hemo-

globin, or both in 12 mo

Continue lifestyle change
Check FPG, glycated hemo-

globin, or both in 6 mo

Intensify efforts
Consider metformin

Treatment dependent on
degree of hyperglycemia;

if mild, begin with life-
style change with or
without metformin

Repeat screen in 1–3 yr

YesNo

Figure 1. Suggested Approach to Screening Patients at Risk for Diabetes.

Impaired fasting glucose (IFG) is defined as a fasting plasma glucose (FPG) level of 100 to 125 mg per deciliter (5.6 to 6.9 mmol per liter). 
Increased glycated hemoglobin (IGH) is defined as a glycated hemoglobin level of 5.7 to 6.4%. The diagnosis of diabetes is confirmed 
with a repeat test on a separate day or by the alternative test (i.e., glycated hemoglobin instead of FPG or vice versa) on the same day  
or a separate day. If the result of the repeat test is in the prediabetic range, the patient should be counseled or treated for prediabetes.  
If the result of the repeat test is entirely normal (which is unlikely), rescreening in 6 months should be considered. Therapeutic lifestyle 
change is defined as a hypocaloric diet, weight reduction, and increased physical activity.

The New England Journal of Medicine 
Downloaded from nejm.org at MCGILL UNIVERSITY LIBRARY on November 6, 2012. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 



clinical pr actice

n engl j med 367;6  nejm.org  august 9, 2012 549

References

1.	 Centers for Disease Control and Pre-
vention. 2011 national diabetes fact sheet 
(http://www.cdc.gov/diabetes/pubs/ 
factsheet11.htm).
2.	 United Kingdom Prospective Diabetes 
Study (UKPDS) Group. Intensive blood-
glucose control with sulphonylureas or 
insulin compared with conventional 
treatment and risk of complications in 
patients with type 2 diabetes (UKPDS 33). 
Lancet 1998;352:837-53. [Erratum, Lancet 
1999;354:602.]
3.	 The Diabetes Control and Complica-
tions Trial Research Group. The effect of 
intensive treatment of diabetes on the de-
velopment and progression of long-term 
complications in insulin-dependent dia-
betes mellitus. N Engl J Med 1993;329:977-
86.
4.	 Kelly TN, Bazzano LA, Fonseca VA, 
Thethi TK, Reynolds K, He J. Glucose con-
trol and cardiovascular disease in type-2 
diabetes. Ann Intern Med 2009;151:394-
403.
5.	 Diabetes Prevention Program Re-
search Group. Reduction in the incidence 
of type 2 diabetes with lifestyle interven-
tion or metformin. N Engl J Med 2002; 
346:393-403.
6.	 Tuomilehto J, Lindström J, Eriksson 
JG, et al. Prevention of type 2 diabetes 
mellitus by changes in lifestyle among 
subjects with impaired glucose tolerance. 
N Engl J Med 2001;344:1343-50.
7.	 American Diabetes Association. Stan-
dards of medical care in diabetes — 2012. 
Diabetes Care 2012;35:Suppl 1:S11-S63.
8.	 Department of Veterans Affairs/ 
Department of Defense. Management of 
diabetes mellitus in primary care (2010) 
(http://www.healthquality.va.gov/ 
diabetes_mellitus.asp).
9.	 U.S. Preventive Services Task Force. 
Screening for Type 2 diabetes mellitus in 
adults: U.S. Preventive Services Task Force 
recommendation statement. Ann Intern 
Med 2008;148:846-55. [Erratum, Ann In-
tern Med 2008;149:147.]
10.	 National Diabetes Data Group. Clas-
sification and diagnosis of diabetes mel-
litus and other categories of glucose in-
tolerance. Diabetes 1979;28:1039-57.
11.	 Report of the Expert Committee on 
the Diagnosis and Classification of Dia-
betes Mellitus. Diabetes Care 1997;20: 
1183-97.
12.	 Alberti KGMM, Zimmet PZ. Defini-
tion, diagnosis and classification of dia-
betes mellitus and its complications. 1. 
Diagnosis and classification of diabetes 
mellitus: provisional report of a WHO 
consultation. Diabet Med 1998;15:539-
53.
13.	 Genuth S, Alberti KG, Bennett P, et al. 
Follow-up report on the diagnosis of dia-
betes mellitus. Diabetes Care 2003;26: 
3160-7.
14.	 Unwin N, Shaw J, Zimmet P, Alberti 

KG. Impaired glucose tolerance and im-
paired fasting glycaemia: the current sta-
tus on definition and intervention. Diabet 
Med 2002;19:708-23.
15.	 Hanas R, John G, International 
HBA1c Consensus Committee. 2010 Con-
sensus statement on the worldwide stan-
dardization of the hemoglobin A1C mea-
surement. Diabetes Care 2010;33:1903-4.
16.	 Nathan DM, Balkau B, Bonora E, et al. 
International Expert Committee report on 
the role of the A1C assay in the diagnosis 
of diabetes. Diabetes Care 2009;32:1327-
34.
17.	 Sacks DB. A1C versus glucose testing: a 
comparison. Diabetes Care 2011;34:518-23.
18.	 American Diabetes Association. Diag-
nosis and classification of diabetes melli-
tus. Diabetes Care 2010;33:Suppl 1:S62-S69. 
[Erratum, Diabetes Care 2010;33(4):e57.]
19.	 World Health Organization. Use of 
glycated haemoglobin (HbA1c) in the di-
agnosis of diabetes mellitus: abbreviated 
report of a WHO consultation (http://
www.who.int/diabetes/publications/ 
diagnosis_diabetes2011/en/index.html).
20.	 Zhang X, Gregg EW, Williamson DF, 
et al. A1C level and future risk of diabetes: 
a systematic review. Diabetes Care 2010; 
33:1665-73.
21.	 Sacks DB. Hemoglobin variants and 
hemoglobin A1c analysis: problem solved? 
Clin Chem 2003;49:1245-7.
22.	 Freedman BI, Shihabi ZK, Andries L, 
et al. Relationship between assays of gly-
cemia in diabetic subjects with advanced 
chronic kidney disease. Am J Nephrol 
2010;31:375-9.
23.	 Coban E, Ozdogan M, Timuragaoglu 
A. Effect of iron deficiency anemia on the 
levels of hemoglobin A1c in nondiabetic 
patients. Acta Haematol 2004;112:126-8.
24.	 Khera PK, Joiner CH, Carruthers A, 
et al. Evidence for interindividual hetero-
geneity in the glucose gradient across the 
human red blood cell membrane and its 
relationship to hemoglobin glycation. 
Diabetes 2008;57:2445-52.
25.	 Sacks DB, Nathan DM, Lachin JM. 
Gaps in the glycation gap hypothesis. 
Clin Chem 2011;57:150-2.
26.	 Ziemer DC, Kolm P, Weintraub WS, 
et al. Glucose-independent, black-white dif-
ferences in hemoglobin A1c levels: a cross-
sectional analysis of 2 studies. Ann Intern 
Med 2010;152:770-7.
27.	 Selvin E, Steffes MW, Ballantyne CM, 
Hoogeveen RC, Coresh J, Brancati FL. 
Racial differences in glycemic markers:  
a cross-sectional analysis of community-
based data. Ann Intern Med 2011;154: 
303-9.
28.	 Carson AP, Reynolds K, Fonseca VA, 
Muntner P. Comparison of A1C and fasting 
glucose criteria to diagnose diabetes among 
U.S. adults. Diabetes Care 2010;33:95-7.
29.	 Lipska KJ, De Rekeneire N, Van Ness 
PH, et al. Identifying dysglycemic states 

in older adults: implications of the emerg-
ing use of hemoglobin A1c. J Clin Endo-
crinol Metab 2010;95:5289-95.
30.	 Jørgensen ME, Bjerregaard P, Borch-
Johnsen K, Witte D. New diagnostic crite-
ria for diabetes: is the change from glu-
cose to HbA1c possible in all populations? 
J Clin Endocrinol Metab 2010;95(1):E333-
E336.
31.	 Olson DE, Rhee MK, Herrick K, 
Ziemer DC, Twombly JG, Phillips LS. 
Screening for diabetes and pre-diabetes 
with proposed A1C-based diagnostic cri-
teria. Diabetes Care 2010;33:2184-9.
32.	 James C, Bullard KM, Rolka DB, et al. 
Implications of alternative definitions of 
prediabetes for prevalence in U.S. adults. 
Diabetes Care 2011;34:387-91.
33.	 Mann DM, Carson AP, Shimbo D, 
Fonseca V, Fox CS, Muntner P. Impact of 
A1C screening criterion on the diagnosis 
of pre-diabetes among U.S. adults. Diabe-
tes Care 2010;33:2190-5.
34.	 Bloomgarden ZT, Einhorn D. Hemo-
globin A1c in diabetes diagnosis: time for 
caution. Endocr Pract 2010;16:5-6.
35.	 Cohen RM, Haggerty S, Herman WH. 
HbA1c for the diagnosis of diabetes and 
prediabetes: is it time for a mid-course 
correction? J Clin Endocrinol Metab 2010; 
95:5203-6.
36.	 Davidson MB. Diagnosing diabetes 
with glucose criteria: worshipping a false 
God. Diabetes Care 2011;34:524-6.
37.	 Hu Y, Liu W, Chen Y, et al. Combined 
use of fasting plasma glucose and glycat-
ed hemoglobin A1c in the screening of 
diabetes and impaired glucose tolerance. 
Acta Diabetol 2010;47:231-6.
38.	 Selvin E, Steffes MW, Gregg E, Bran-
cati FL, Coresh J. Performance of A1C for 
the classification and prediction of diabe-
tes. Diabetes Care 2011;34:84-9.
39.	 Fajans SS, Herman WH, Oral EA. In-
sufficient sensitivity of hemoglobin A1c 
determination in diagnosis or screening 
of early diabetic states. Metabolism 2011; 
60:86-91.
40.	 Heianza Y, Hara S, Arase Y, et al. 
HbA1c 5.7-6.4% and impaired fasting 
plasma glucose for diagnosis of prediabe-
tes and risk of progression to diabetes in 
Japan (TOPICS 3): a longitudinal cohort 
study. Lancet 2011;378:147-55.
41.	 Nathan DM, Davidson MB, DeFronzo 
RA, et al. Impaired fasting glucose and 
impaired glucose tolerance: implications 
for care. Diabetes Care 2007;30:753-9.
42.	 DeFronzo RA, Abdul-Ghani M. Type 2 
diabetes can be prevented with early 
pharmacological intervention. Diabetes 
Care 2001;34:Suppl 2:S202-S209.
43.	 Selvin E, Steffes MW, Zhu H, et al. 
Glycated hemoglobin, diabetes, and car-
diovascular risk in nondiabetic adults.  
N Engl J Med 2010;362:800-11.
44.	 Kolberg JA, Jørgensen T, Gerwien RW, 
et al. Development of a type 2 diabetes 

The New England Journal of Medicine 
Downloaded from nejm.org at MCGILL UNIVERSITY LIBRARY on November 6, 2012. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 



n engl j med 367;6  nejm.org  august 9, 2012550

clinical pr actice

risk model from a panel of serum bio-
markers from the Inter99 cohort. Diabe-
tes Care 2009;32:1207-12.
45.	 Salomaa V, Havulinna A, Saarela O, 
et al. Thirty-one novel biomarkers as pre-
dictors for clinically incident diabetes. 
PLoS One 2010;5(4):e10100.
46.	 Herman WH. The economics of dia-
betes prevention. Med Clin North Am 
2011;95:373-84.
47.	 American Association of Clinical En-
docrinologists Board of Directors, Amer-

ican College of Endocrinologists Board 
of Trustees. American Association of 
Clinical Endocrinologists/American Col-
lege of Endocrinology statement on the 
use of hemoglobin A1c for the diagnosis 
of diabetes. Endocr Pract 2010;16:155- 
6.
48.	 Ismail-Beigi F. Clinical practice. Gly-
cemic management of type 2 diabetes 
mellitus. N Engl J Med 2012;366:1319-
27.
49.	 Inzucchi SE, Bergenstal RM, Buse JB, 

et al. Management of hyperglycemia in 
type 2 diabetes: a patient-centered ap-
proach: position statement of the Ameri-
can Diabetes Association (ADA) and the 
European Association for the Study of 
Diabetes (EASD). Diabetes Care 2012;35: 
1364-79.
50.	 Taylor EN, Hu FB, Curhan GC. Anti-
hypertensive medications and the risk of 
incident type 2 diabetes. Diabetes Care 
2006;29:1065-70.
Copyright © 2012 Massachusetts Medical Society.

journal archive at nejm.org

Every article published by the Journal is now available at NEJM.org, beginning 
with the first article published in January 1812. The entire archive is fully searchable,  

and browsing of titles and tables of contents is easy and available to all.  
Individual subscribers are entitled to free 24-hour access to 50 archive articles per year. 

Access to content in the archive is available on a per-article basis and is also  
being provided through many institutional subscriptions.

The New England Journal of Medicine 
Downloaded from nejm.org at MCGILL UNIVERSITY LIBRARY on November 6, 2012. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 


