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ABSTRACT 

 
Background:  Multiple laboratory tests are used in the diagnosis and management of patients with 

diabetes mellitus. The quality of the scientific evidence supporting the use of these assays varies 

substantially. 

 

Approach:  An expert committee compiled evidence-based recommendations for the use of laboratory 

analysis in patients with diabetes. A new system was developed to grade the overall quality or strength 

of the evidence and the strength of the recommendations. A draft of the guidelines was posted on the 

Internet and was presented at the Arnold O. Beckman Conference in November, 2007. The document 

was modified in response to oral and written comments. The guidelines were reviewed by the 

Professional Practice Committee of the American Diabetes Association.  

 

Content:  In addition to the longstanding criteria based on measurement of venous plasma glucose, 

diabetes can be diagnosed by demonstrating increased hemoglobin (Hb) A1c concentrations in the 

blood. Monitoring of glycemic control is performed by the patients measuring their own plasma or 

blood glucose with meters and by laboratory analysis of HbA1c. The potential roles of non-invasive 

glucose monitoring, genetic testing, and measurement of autoantibodies, microalbumin, proinsulin, C-

peptide and other analytes are addressed.  

 

Summary:  The guidelines provide specific recommendations based on published data or derived from 

expert consensus.  Several analytes are found to have minimal clinical value at the present time, and 

measurement of them is not recommended. 
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Nonstandard abbreviations:   OGTT, oral glucose tolerance test; FPG, fasting plasma glucose; IMD, 

immune-mediated diabetes; SMBG, self-monitoring of blood glucose; GHb, glycated hemoglobin; 

DCCT, Diabetes Control and Complications Trial; UKPDS, United Kingdom Prospective Diabetes 

Study; ADA, American Diabetes Association; NGSP, National Glycohemoglobin Standardization 

Program;  CI, confidence intervals; GDM, gestational diabetes mellitus; WHO, World Health 

Organization; IGT, impaired glucose tolerance; IFG, impaired fasting glucose; DKA, diabetic 

ketoacidosis; AcAc, acetoacetate; βHBA, β hydroxybutyrate; CAP, College of American Pathologists; 

MODY, maturity onset diabetes of the young; ICA, islet-cell cytoplasm antibodies; GAD65, 65-kDa 

isoform of glutamic acid decarboxylase; IAA, insulin autoantibodies; JDF, Juvenile Diabetes 

Foundation; FDA, Food and Drug Administration; HDL, high density lipoprotein; LDL, low density 

lipoprotein; CAD, coronary artery disease; CDC, Centers for Disease Control; HbA1c, hemoglobin A1c; 

NHANES, National Health and Nutrition Examination Survey; FPG, fasting plasma glucose; IDF, 

International Diabetes Federation; CLSI, Clinical and Laboratory Standards Institute 
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EXECUTIVE SUMMARY 

Key recommendations of the guideline are summarized below. Capital letters denote the grade of 

recommendations and categories in brackets refer to the strength of the underlying body of evidence 

supporting each recommendation. Detailed description of the grading system used is given in Table 1-

2. 

 

1. Glucose 

 

  

Glucose measured in venous plasma should be used to establish the diagnosis of 

diabetes. 

 

 A (high) 

Glucose should be measured in venous plasma when used for screening of high-

risk individuals. 

 

 B (moderate) 

Plasma glucose should be measured in an accredited laboratory when used for 

diagnosis of or screening for diabetes. 

 

 GPP 

Outcome studies are needed to determine the effectiveness of screening. 

 

 C (moderate) 

Routine measurement of plasma glucose concentrations in an accredited 

laboratory is not recommended as the primary means of monitoring or evaluating 

therapy in individuals with diabetes. 

 

 B (low) 
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Blood for fasting plasma glucose analysis should be drawn in the morning after 

the subject has fasted overnight (at least 8 h). 

 

 B (low) 

To minimize glycolysis, ideally the sample tube should immediately be placed in 

an ice slurry and plasma should be separated from the cells as soon as possible. If 

this cannot be achieved within 30 min, a tube containing a glycolytic inhibitor 

such as sodium fluoride or citrate buffer should be used for collecting the sample. 

 

 B (moderate) 

FPG values of 6.1 – 6.9 mmol/L (110-125 mg/dL) should be repeated and 

individuals with FPG of 5.3 – 5.7 mmol/L (96-104 mg/dL) should be considered 

for follow-up at 1 year intervals. 

 

 B (moderate) 

Based on biological variation, glucose measurement should have analytical 

imprecision ≤2.9%, bias ≤2.2% and total error ≤6.9%.  To avoid misclassification 

of patients, the goal for glucose analysis should be to minimize total analytical 

error and methods should be without measureable bias. 

 

 GPP 

2. Meters 

 

  

There are insufficient published data to support a role for portable meters and 

skin-prick (finger-stick) blood samples in the diagnosis of diabetes or for 

population screening. 

 

 C (moderate) 
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The imprecision of the results, coupled with the substantial differences among 

meters, precludes their use in the diagnosis of diabetes and limits their usefulness 

in screening for diabetes. 

 

 A (moderate) 

Self-monitoring of blood glucose (SMBG) is recommended for all insulin-treated 

patients with diabetes. For type 1 patients, SMBG is recommended three or more 

times a day. 

 

 A (high) 

In patients with type 2 diabetes treated with diet and oral agents, SMBG may help 

achieve better control, particularly when therapy is initiated or changed. Data are 

insufficient, however, to claim an associated improvement of health outcomes. 

The role of SMBG in patients with stable type 2 diabetes controlled by diet alone 

is not known. 

 

 C (high ) 

Patients should be instructed in the correct use of glucose meters, including 

quality control. Comparison between SMBG and concurrent laboratory glucose 

analysis should be performed at regular intervals to evaluate the performance of 

the meters in the patient’s hands. 

 B (moderate) 
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Multiple performance goals for portable glucose meters have been proposed. 

These targets vary widely and are highly controversial. No published study has 

reported results that meet the goals proposed by the ADA of less than 5% total 

error. Manufacturers should work to improve the imprecision of current meters, 

with an intermediate goal of limiting total error, for 95% of samples, to ≤15% at 

glucose concentrations ≥5.6 mmol/L (100 mg/dL) and to <0.8 mmol/L (15 

mg/dL) at glucose concentrations <5.6 mmol/L (100 mg/dL). Lower total error 

would be desirable and may prove necessary in tight glucose control protocols 

and for avoiding hypoglycemia in all settings. 

 

 C (low) 

We recommend meters that measure and report plasma glucose concentrations to 

facilitate comparison with assays performed in accredited laboratories. 

 

 GPP 

Studies are needed to determine the analytical goals (quality specifications) for 

glucose meters in self monitoring of blood glucose and in intensive care units. 

 

 C (moderate) 

Recommendations for future research: Important end-points in studies of SMBG 

should include, at a minimum, HbA1c and frequency of hypoglycemic episodes to 

ascertain whether improved meters enable patients to achieve better glucose 

control. For studies of meter use in intensive or critical care, important end-points 

include mean blood glucose, frequency of hypoglycemia and variability of 

glucose control. Ideally, outcomes (e.g., long-term complications) should also be 

examined. 

 

 GPP 
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3. Continuous Minimally-Invasive Glucose Analyses 

 

  

Real-time continuous glucose monitoring (CGM) in conjunction with intensive 

insulin regimens can be a useful tool to lower HbA1c in selected adults (age > 25 

years) with type 1 diabetes. 

 

 A (high) 

Although the evidence for HbA1c lowering is less strong in children, teens, and 

younger adults, real-time CGM may be helpful in these groups. Success correlates 

with adherence to ongoing use of the device. 

 

 B (moderate) 

Real-time CGM may be a supplemental tool to SMBG in those with 

hypoglycemia unawareness and/or frequent episodes of hypoglycemia. 

 

 B (low) 

Patients require extensive training in using the device. Available devices must be 

calibrated with SMBG readings and the latter are recommended for making 

treatment changes. 

 

 GPP 

4. Noninvasive Glucose Analysis 

 

  

No noninvasive sensing technology is currently approved for clinical glucose 

measurements of any kind. Major technological hurdles must be overcome before 

noninvasive sensing technology will be sufficiently reliable to replace existing 

portable meters, implantable biosensors, or minimally invasive technologies. 

 

 C (very low) 
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5. Oral Glucose Tolerance Test (OGTT) 

 

  

The oral glucose tolerance test is not recommended for the routine diagnosis of 

type 1 or type 2 diabetes mellitus. It is recommended for establishing the 

diagnosis of gestational diabetes mellitus and for evaluation postpartum after 

gestational diabetes. 

 

 A (moderate) 

6. Gestational Diabetes Mellitus (GDM) 

 

  

All women of average or high risk of gestational diabetes mellitus (GDM) should 

undergo GDM testing at 24-28 weeks of gestation. 

 

 A (high) 

GDM should be diagnosed by a 75 g OGTT using the IADPSG criteria derived 

from the HAPO study. 

 

 A (moderate) 

7. Urinary Glucose 

 

  

Semi-quantitative urine glucose testing is not recommended for routine care of 

patients with diabetes mellitus. 

 

 B (low) 

8. Ketone Testing 
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Ketones should be measured in urine or blood by patients with diabetes in the 

home setting and in the clinic/hospital setting as an adjunct to the diagnosis of 

diabetic ketoacidosis. 

 

 GPP 

Urine ketone determinations should not be used to diagnose or monitor the course 

of diabetic ketoacidosis (DKA). 

 

 GPP 

Blood ketone determinations that rely on the nitroprusside reaction should be 

used only as an adjunct to diagnose DKA and should not be used to monitor 

treatment of DKA. Specific measurement of βHBA in blood can be used for 

diagnosis and monitoring of DKA. 

 

 B (moderate) 

9. Hemoglobin A1c 

 

  

Hemoglobin A1c (HbA1c) should be measured routinely in all patients with 

diabetes mellitus to document their degree of glycemic control.  

 

 A (moderate) 

Laboratories should use only HbA1c assay methods that are certified by the 

National Glycohemoglobin Standardization Program (NGSP) as traceable to the 

DCCT reference. The manufacturers of assays for HbA1c should also show 

traceability to the IFCC reference method. 

 

 GPP 
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Laboratories that measure HbA1c should participate in a proficiency-testing 

program, such as the CAP Glycohemoglobin Survey, that uses fresh blood 

samples with targets set by the NGSP Laboratory Network. 

 

 GPP 

Laboratories should be aware of potential interferences, including 

hemoglobinopathies that may affect HbA1c test results depending on the method 

used. In selecting assay methods, laboratories should consider the potential for 

interferences in their particular patient population. In addition, disorders that 

affect erythrocyte turnover may cause spurious results regardless of the method 

used. 

 

 GPP 

Desirable specifications for HbA1c measurement are intra-laboratory CV <2% and 

inter-laboratory CV <3.5%. At least two control materials with different mean 

values should be analyzed as an independent measure of assay performance. 

 

 B (low) 

Laboratories should verify by repeat testing specimens with HbA1c results below 

the lower limit of the reference interval or greater than 15% HbA1c. 

 

 B (low) 
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Treatment goals should be based on ADA recommendations which include 

generally maintaining HbA1c concentrations <7% and in individual patients as 

close to the non-diabetic range as safely possible. Somewhat higher ranges are 

recommended for children and adolescents and should be considered in patients 

with projected limited lifespans, owing to advanced age or co-morbid illnesses. 

(Note that these values are applicable only if the assay method is certified by the 

NGSP as traceable to the DCCT reference.) 

 

 A (high) 

HbA1c testing should be performed at least biannually in all patients and quarterly 

for patients whose therapy has changed or are not meeting treatment goals. 

 

 GPP 

The HbA1c assay may be used for the diagnosis of diabetes, with values > 6.5% 

being diagnostic. Similar to its use in the management of diabetes, factors that 

interfere with or adversely affect the HbA1c assay will preclude its use in 

diagnosis. When a HbA1c assay is not available, or cannot be interpreted in a 

patient, glucose-based testing should be used for diagnosis. 

 

 A (moderate) 

10. Genetic Markers 

 

  

Routine measurement of genetic markers is not of value at this time for the 

diagnosis or management of patients with type 1 diabetes.  For selected diabetic 

syndromes, including neonatal diabetes, valuable information can be obtained 

with definition of diabetes-associated mutations. 

 

 A (moderate) 
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There is no role for routine genetic testing in patients with type 2 diabetes.  These 

studies should be confined to the research setting and evaluation of specific 

syndromes. 

 

 A (moderate) 

11. Autoimmune Markers 

 

  

Islet cell autoantibodies are recommended for screening of non-diabetic family 

members who wish to donate part of their pancreas for transplantation to a 

relative with end stage type 1 diabetes. 

 

 B (low) 

Islet cell autoantibodies are not recommended for routine diagnosis of diabetes 

but standardized islet cell autoantibody tests may be used for classification of 

diabetes in adults and in prospective studies of children at genetic risk for type 1 

diabetes following HLA typing at birth. 

 

Screening of patients with type 2 diabetes is not recommended at present.  

Standardized islet cell autoantibodies are tested in prospective clinical studies of 

type 2 diabetes patients to identify possible mechanisms of secondary failures to 

type 2 diabetes treatment.  

 B (low) 

 

 

 

 

B (low) 
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Screening relatives of patients with type 1 diabetes or persons in the general 

population for islet cell autoantibodies is not recommended at present.  

Standardized islet cell autoantibodies are tested in prospective clinical studies of 

children selected at birth following HLA testing for type 1 diabetes high risk HLA 

genotypes. 

 

 B (low) 

There is currently no role for measurement of islet cell autoantibodies in the 

monitoring of patients in clinical practice.  Islet cell autoantibodies are measured 

in research protocols and some clinical trials as surrogate end-points. 

 

 B (low) 

It is important that islet cell autoantibodies be measured only in an accredited 

laboratory with an established quality control program and participation in a 

proficiency testing program. 

 

 GPP 

12. Microalbuminuria 

 

  

Annual microalbuminuria testing of patients without macroalbuminuria or clinical 

proteinuria should begin in pubertal or postpubertal individuals five years after 

diagnosis of type 1 diabetes and at the time of diagnosis of type 2 diabetes, 

regardless of treatment. 

 

 B (moderate) 

Microalbuminuria is a continuous risk marker for cardiovascular events which 

appear to start at concentrations of 20 ug/min. 

 

 B (moderate) 
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The analytical CV of methods to measure microalbuminuria should be <15%. 

 

 B (moderate) 

Semiquantitative or qualitative screening tests for microalbuminuria should be 

positive in >95% of patients with microalbuminuria to be useful for screening. 

Positive results must be confirmed by analysis in an accredited laboratory. 

 

 GPP 

Currently available dipstick tests are not sensitive enough to be used reliably to 

make a diagnosis of microalbuminuria. 

 

 C (low) 

Acceptable samples to test for increased urinary albumin excretion are timed 

(e.g., 12 or 24 hour) collections for measurement of albumin concentration and 

timed or untimed samples for measurement of the albumin:creatinine ratio. For 

screening, an untimed sample for albumin measurement (without creatinine) may 

be considered if a concentration cutoff is used that allows high sensitivity for 

detection of an increased albumin excretion rate. 

 

 B (moderate) 

Optimal time for spot urine collection is the early morning and fasting. To 

minimize variability all collections should be at the same time of day and 

preferably fasting for at least 2 hours. 

 

 GPP 
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A urine albumin  of <30 μg/mg creatinine, while considered “normal”, should be 

reassessed annually. If the value is >30 μg/mg, changes should be reassessed after 

six to 12 months if antihypertensive therapy is required, or annually in those who 

are normotensive. 

 

 B (moderate) 

13. Miscellaneous Potentially Important Analytes 

 

  

There is no role for routine testing for insulin, C-peptide or proinsulin in most 

patients with diabetes. Differentiation between type 1 and type 2 diabetes may in 

most cases be made based on the clinical presentation and subsequent course. 

These assays are useful primarily for research purposes. Occasionally, C-peptide 

measurements may help distinguish type 1 and type 2 diabetes in ambiguous 

cases, such as patients who have a type 2 phenotype but present in ketoacidosis. 

 

 B (moderate) 

There is no role for measurement of insulin concentration in the assessment of 

cardiometabolic risk, as knowledge of this value does not alter the management of 

these patients. 

 

 B (moderate) 

Since current measures of insulin are poorly harmonized, a standardized insulin 

assay should be developed to encourage the development of measures of insulin 

sensitivity that will be practical for clinical care. 

 

 GPP 
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There is no published evidence to support the use of insulin antibody testing for 

routine care of patients with diabetes. 

 

 C (very low) 
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INTRODUCTION 

 

Diabetes mellitus is a group of metabolic disorders of carbohydrate metabolism in which 

glucose is underutilized and over-produced, resulting in hyperglycemia. The disease is classified into 

several categories. The revised classification, published in 1997 (1) is indicated in Table 3. Type 1 

diabetes mellitus, formerly known as insulin-dependent diabetes mellitus (IDDM) or juvenile onset 

diabetes mellitus, is usually caused by autoimmune destruction of the pancreatic islet β-cells, rendering 

the pancreas unable to synthesize and secrete insulin (2). Type 2 diabetes mellitus, formerly known as 

non-insulin-dependent diabetes mellitus (NIDDM) or adult-onset diabetes, results from a combination 

of insulin resistance and inadequate insulin secretion (3, 4). Gestational diabetes mellitus (GDM), 

which resembles type 2 diabetes more than type 1, develops during ~7% (ranging from 5 to 15%) of 

pregnancies, usually remits after delivery and is a major risk factor for the development of type 2 

diabetes later in life. Other types of diabetes are rare. Type 2 is the most common form, accounting for 

85-95% of diabetes in developed countries. Some patients cannot be clearly classified as type 1 or type 

2 diabetes (5).  

Diabetes is a common disease. The current worldwide prevalence is estimated to be ~250 

million and it is expected to reach 380 million by 2025 (6). The prevalence of diabetes (based on FPG) 

in adults in the U.S. in 1999-2002 was 9.3%, of which 30% was undiagnosed (7). The most recent 

data, derived from the 2005-2006 National Health and Nutrition Examination Survey (NHANES) 

using both FPG and 2-h oral glucose tolerance test (OGTT), show a prevalence of diabetes in the U.S. 

in persons aged ≥20 years of 12.9% (equivalent to ~40 million) (8). Of these, 40% (~16 million) are 

undiagnosed. The prevalence of diabetes has also increased in other parts of the world. For example, 

recent estimates suggest 110 million diabetic individuals in Asia in 2007 (9), but the true number is 
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likely to be substantially greater as China alone was thought to have 92.4 million adults with diabetes 

in 2008 (10).  

The worldwide costs of diabetes in 2007 were approximately $232 billion and are likely to be 

$302 billion by 2025 (6). In 2007 the costs of diabetes in the U.S. were estimated to be $174 billion 

(11). The mean annual per capita health care costs for an individual with diabetes are approximately 

2.3-fold higher than those for individuals who do not have diabetes (11). Similarly, in the UK diabetes 

accounts for roughly 10% of the National Health Service budget (equivalent in 2008 to £9 billion per 

year). The high costs of diabetes are attributable to care for both acute conditions (such as 

hypoglycemia and ketoacidosis) and debilitating complications (12).  The latter include both 

microvascular complications – predominantly retinopathy, nephropathy and neuropathy – and 

macrovascular complications, particularly stroke and coronary artery disease. Together these result in 

diabetes being the fourth most common cause of death in the developed world (13). About 3.8 million 

people worldwide were estimated to have died from diabetes-related causes in 2007 (6).  

The NACB issued its “Guidelines and Recommendations for Laboratory Analysis in the 

Diagnosis and Management of Diabetes Mellitus” in 2002 (14). These recommendations were 

reviewed and updated using an evidence-based approach, especially in key areas where new evidence 

has emerged since the 2002 publication. The process of updating guideline recommendations followed 

the “Standard Operating Procedures for Preparing, Publishing, and Editing National Academy of 

Clinical Biochemistry Laboratory Medicine Practice Guidelines” and the key steps as well as the 

grading system used to define the strength of evidence and recommendations are detailed in the 

Preamble (see Supplement). A new system was developed to grade both the overall quality or strength 

of the evidence (Table 2) and the strength of recommendations (Table 3).   

This guideline primarily focuses on the laboratory aspects of testing in diabetes. It does not deal 

with any issues related to the clinical management of diabetes which are already covered in the 
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American Diabetes Association (ADA) guidelines. The ADA publishes in January each year a 

supplement, titled Clinical Practice Recommendations, in Diabetes Care. This is a compilation of all 

ADA position statements related to clinical practice and is an important resource for health care 

professionals who care for people with diabetes. The NACB guideline intends to supplement the ADA 

guidelines in order to avoid duplication or repetition of information. Therefore, it focuses on practical 

aspects of care to assist decisions related to the use or interpretation of laboratory tests while screening, 

diagnosing, or monitoring patients with diabetes. Testing lipids and related cardiovascular risk factors 

is addressed in a separate NACB guideline.  

To facilitate comprehension and assist the reader, each analyte is divided into several headings 

and subheadings (listed in parentheses). These are use (diagnosis, screening, monitoring and 

prognosis), rationale (diagnosis and screening), analytical considerations (preanalytical [including 

reference values] and analytical [such as methods]), interpretation (including frequency of 

measurement and turnaround time) and, where applicable, emerging considerations, which alert the 

reader to ongoing studies and potential future aspects relevant to that analyte. 

 

 

GLUCOSE 

 

1. Use 

 

A. Diagnosis/Screening 

 

Recommendation:  Glucose measured in venous plasma should be used to establish the diagnosis of 

diabetes.  
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A (high) 

 

Recommendation: Glucose should be measured in venous plasma when used for screening of high-risk 

individuals.  

 

B (moderate) 

 

Recommendation: Plasma glucose should be measured in an accredited laboratory when used for 

diagnosis of or screening for diabetes.  

 

GPP 

 

Recommendation: Outcome studies are needed to determine the effectiveness of screening. 

 

C (moderate) 

 

 

The diagnosis of diabetes is established by identifying the presence of hyperglycemia. For 

many years the only method recommended for diagnosis was a direct demonstration of hyperglycemia 

by measuring increased glucose concentrations in the plasma (15, 16). In 1979, a set of criteria based 

on the distribution of glucose concentrations in high risk populations was established to standardize the 

diagnosis (15). These recommendations were endorsed by the World Health Organization (WHO) (16). 

In 1997, the diagnostic criteria were modified (1) to better identify subjects at risk of retinopathy and 
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nephropathy (17, 18). The revised criteria comprised:  (a) fasting plasma glucose (FPG) ≥ 7.0 mmol/L 

(126 mg/dL),  (b) 2-h postload glucose > 11.1 mmol/L (200 mg/dL) during an oral glucose tolerance 

test (OGTT)  or (c) symptoms of diabetes and a casual (i.e., regardless of the time of the preceding 

meal) plasma glucose ≥11.1 mmol/L (200 mg/dL) (Table 4) (1). If any one of these three criteria is 

met, confirmation by repeat testing on a subsequent day is necessary to establish the diagnosis. (Note 

that repeat testing is not required in patients who have unequivocal hyperglycemia i.e., >11.1 mmol/L 

(200 mg/dL) with symptoms consistent with hyperglycemia.)  The WHO and IDF recommend either 

FPG or 2-h postload glucose using the same cutoffs as the ADA (19). Although included as a criterion, 

the OGTT was not recommended by the Expert Committee in 1997 for routine clinical use in non-

pregnant individuals, although the WHO continues to advocate its use (see OGTT section below). In 

2009 an International Expert Committee (20), with members appointed by the ADA, EASD and IDF, 

recommended that diabetes be diagnosed by measurement of hemoglobin A1c (HbA1c), which reflects 

long-term blood glucose concentrations (see HbA1c section below). The ADA has endorsed the use of 

HbA1c for diagnosis of diabetes (21).  

Testing to detect type 2 diabetes in asymptomatic people, previously controversial, is now 

recommended for those at risk of developing the disease (21, 22). The ADA proposes that all 

asymptomatic people aged 45 years or more, particularly those who are overweight (BMI ≥ 25 kg/m2) 

or obese, should be screened in a health care setting. If HbA1c is not used, either FPG or 2-h OGTT or 

both are appropriate for screening (21). The FPG is more convenient, more reproducible, less costly 

and easier to administer than the 2-h OGTT. Thus, the ADA recommends the FPG test over OGTT as 

the initial glucose-based screening test (21). The IDF recommends that the health service in each 

country should decide whether to implement screening for diabetes (23). FPG is the suggested test. In 

contrast, the International Expert Committee and ADA have recommended that HbA1c be used for 

screening for diabetes (20, 21, 24) (see section on HbA1c below). If FPG is <5.6 mmol/L (100 mg/dL) 
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and/or 2-h plasma glucose is <7.8 mmol/L (140 mg/dL), testing should be repeated at 3-year intervals. 

Screening should be considered at a younger age or be carried out more frequently in individuals at 

increased risk of diabetes (see Ref (21) for conditions associated with increased risk). Because of the 

increasing prevalence of type 2 diabetes in children, screening of children is now advocated (25). 

Starting at age 10 years, testing should be performed every 2 years in overweight individuals who have 

two other risk factors, namely family history, race/ethnicity recognized to increase risk and signs of 

insulin resistance (25). Despite these recommendations and the demonstration that interventions can 

delay, and sometimes prevent, the onset of type 2 diabetes in individuals with impaired glucose 

tolerance (IGT) (26, 27), there is as yet no published evidence that treatment based on screening has an 

effect on long-term complications. In addition, there is a lack of consensus in the published literature 

as to which screening procedure, FPG, OGTT and/or HbA1c, is the most appropriate (20, 28-30). Based 

on evaluation of NHANES III data, a strategy to screen whites who are ≥40 years and other 

propulations ≥30 years of age with FPG has been proposed (31). The cost-effectiveness of screening 

for type 2 diabetes has been estimated. The incremental cost of screening all persons aged 25 years or 

older was estimated to be $236,449 per life-year gained and $56,649 per quality-adjusted life-year 

(QALY) gained (32). Interestingly, screening was more cost-effective at ages younger than the 45 

years currently recommended. In contrast, screening targeted to individuals with hypertension reduces 

the QALY from $360,966 to $34,375, with ages 55 to 75 years being most cost-effective (33). 

Modelling run on one million individuals suggests there is considerable uncertainty as to whether 

screening for diabetes would be cost effective (34). Long-term outcome studies are necessary to 

provide evidence to resolve the question of the efficacy of screening for diabetes (35).  

In 2003 the ADA lowered the threshold for “normal” FPG from <6.1 mmol/L (110 mg/dL) to 

<5.6 mmol/L (100 mg/dL) (36). This change is contentious and has not been accepted by all 

organizations (19, 37). The rationale is based on data that individuals with FPG values between 5.6 
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mmol/L (100 mg/dL) and 6.05 mmol/L (109 mg/dL) are at increased risk for the development of type 2 

diabetes (38, 39). More recent evidence indicates that FPG concentrations even lower than 5.6 mmol/L 

(100 mg/dL) are associated with a graded risk for type 2 diabetes (40). Data were obtained from 

13,163 men aged 26-45 years with FPG <5.55 mmol/L (100 mg/dL) who were followed for a mean of 

5.7 years. Men with FPG 4.83-5.05 mmol/L (87-91 mg/dL) have a significantly increased risk of type 2 

diabetes compared to those with FPG <4.5 mmol/L (81 mg/dL). Although the prevalence of diabetes is 

low at these glucose concentrations, the data support the concept of a continuum between FPG and the 

risk of diabetes.  

 

B. Monitoring/Prognosis 

 

Recommendation:  Routine measurement of plasma glucose concentrations in an accredited laboratory 

is not recommended as the primary means of monitoring or evaluating therapy in individuals with 

diabetes.  

 

B (low) 

 

There is a direct relationship between the degree of chronic plasma glucose control and the risk 

of late renal, retinal and neurological complications. This correlation has been documented in 

epidemiologic studies and in clinical trials for both type 1 (41) and type 2 (42) diabetes. The important 

causal role of hyperglycemia in the development and progression of complications has been 

documented in clinical trials. Persons with type 1 diabetes who maintain lower average plasma glucose 

concentrations exhibit a significantly lower incidence of microvascular complications, namely diabetic 
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retinopathy, nephropathy and neuropathy (43). Although intensive insulin therapy reduced 

hypercholesterolemia by 34%, the risk of macrovascular disease was not significantly decreased in the 

original analysis (43). Longer follow up documented a significant reduction in cardiovascular disease 

in patients with type 1 diabetes treated with intensive glycemic control (44). The effects of tight 

glycemic control on microvascular complications in patients with type 2 diabetes (45) are similar to 

those with type 1 diabetes, taking into account the differences in glycemia achieved between the active 

intervention and control groups in the various trials. Intensive plasma glucose control in patients with 

type 2 diabetes significantly reduced microvascular complications. While meta-analyses suggest that 

intensive glycemic control in individuals with type 2 diabetes reduces cardiovascular disease (46, 47), 

clinical trials have not consistently demonstrated a reduction in macrovascular disease (myocardial 

infarction or stroke) with intensive therapy aimed at lowering glucose concentrations in type 2 

diabetes. Long-term follow up of the United Kingdom Prospective Diabetes Study (UKPDS) 

population supported a benefit of intensive therapy on macrovascular disease (48), but three other 

recent trials failed to demonstrate a significant difference in macrovascular disease outcomes between 

very intensive treatment strategies achieving HbA1c concentrations of approximately 6.5% compared 

with the control groups who had HbA1c conentrations 0.8 to 1.1% higher (49-51). One study even 

observed higher cardiovascular mortality in the intensive treatment arm (49). In both the Diabetes 

Control and Complications Trial (DCCT) and UKPDS, patients in the intensive group maintained 

lower median plasma glucose concentrations. However, analyses of the outcomes were linked to 

HbA1c, which was used to evaluate glycemic control, rather than glucose concentration. Moreover, 

most clinicians use the recommendations of the ADA and other organizations which define a target 

HbA1c concentration as the goal for optimum glycemic control (21, 52).  

Neither random nor fasting glucose concentrations should be measured in an accredited 

laboratory as the primary means of routine outpatient monitoring of patients with diabetes. Laboratory 
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plasma glucose testing can be used to supplement information from other testing, to test the accuracy 

of self-monitoring (see below) or when adjusting the dose of oral hypoglycemic agents (22, 53). In 

addition, individuals with well-controlled type 2 diabetes who are not on insulin therapy can be 

monitored with periodic measurement of FPG, although analysis need not be done in an accredited 

laboratory (53, 54). Finally, plasma glucose measured in an accredited laboratory should be used to aid 

in the management of hospitalized patients to achieve recommended targets of glucose control (21).  

  

2. Rationale 

 

A. Diagnosis 

 

The disordered carbohydrate metabolism that underlies diabetes manifests as hyperglycemia. 

Therefore, measurement of either plasma glucose or HbA1c is the diagnostic criterion. This strategy is 

indirect as hyperglycemia reflects the consequence of the metabolic derangement, not the cause. 

However, until the underlying molecular pathophysiology of the disease is identified, measurement of 

glycemia is likely to remain an essential diagnostic modality. 

 

B. Screening 

 

Screening is recommended for several reasons. The onset of type 2 diabetes is estimated to 

occur ~4-7 (or more) years before clinical diagnosis (55) and epidemiological evidence indicates that 

complications may begin several years before clinical diagnosis. Furthermore, it is estimated that 40% 

of people in the U.S. with type 2 diabetes are undiagnosed (8). Notwithstanding this recommendation, 
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there is no published evidence that population screening for hyperglycemia provides any long-term 

benefit. Outcome studies that examine the potential long-term benefits of screening are ongoing. 

 

3. Analytical Considerations 

 

A. Preanalytical 

 

Recommendation:  Blood for fasting plasma glucose analysis should be drawn in the morning after the 

subject has fasted overnight (at least 8 h).  

 

B (low) 

 

Recommendation: To minimize glycolysis, ideally the sample tube should immediately be placed in an 

ice slurry and plasma should be separated from the cells as soon as possible. If this cannot be achieved 

within 30 min, a tube containing a glycolytic inhibitor such as sodium fluoride or citrate buffer should 

be used for collecting the sample. 

 

B (moderate) 

 

Blood should be drawn in the morning after an overnight fast (no caloric intake for at least 8 h) 

during which time the subject may consume water ad lib (1). Published evidence reveals a diurnal 

variation in FPG, with mean FPG higher in the morning than in the afternoon, indicating that many 

cases of diabetes would be missed in patients seen in the afternoon  (56). Glucose concentrations 

decrease ex vivo with time in whole blood due to glycolysis. The rate of glycolysis—reported to 
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average 5-7% (~0.6 mmol/L; 10 mg/dL) per hour (57)—varies with the glucose concentration, 

temperature, white blood cell count and other factors (58). Glycolysis can be attenuated by inhibiting 

enolase with sodium fluoride (2.5 mg fluoride/mL of blood) or, less commonly, lithium iodoacetate 

(0.5 mg/mL of blood). These reagents can be used alone or, more commonly, with anticoagulants such 

as potassium oxalate, EDTA, citrate or lithium heparin. Although fluoride helps to maintain long-term 

glucose stability, the rates of decline of glucose in the first hour after sample collection in tubes with 

and without fluoride are virtually identical and glycolysis continues for up to 4 h in samples containing 

fluoride (57). After 4 h, the glucose concentration is stable in whole blood for 72 h at room 

temperature in the presence of fluoride (57). (Note that leukocytosis will increase glycolysis even in 

the presence of fluoride if the white cell count is very high.)  In separated, nonhemolyzed, sterile serum 

without fluoride the glucose concentration is stable for 8 h at 25 °C and 72 h at 4 °C (59). A recent 

study showed that acidification of blood using citrate buffer inhibits in vitro glycolysis more 

effectively than fluoride (60). The mean glucose concentration in samples at 37 °C decreased by 0.3% 

at 2 h and 1.2% at 24 h when blood was drawn into tubes containing citrate buffer, sodium fluoride and 

EDTA. To minimize glycolysis, the cells should be separated from plasma within minutes. Because 

this is usually impractical, blood should immediately be placed in ice-water and cells should be 

removed within 30 min (19, 60).  

Glucose can be measured in whole blood, serum or plasma, but plasma is recommended for 

diagnosis. [Note that while both the ADA and WHO recommend venous plasma, the WHO also 

accepts measurement of glucose in capillary blood (19, 21).]  The molality of glucose (i.e., amount of 

glucose per unit water mass) in whole blood and plasma is identical. Although red blood cells are 

essentially freely permeable to glucose (glucose is taken up by facilitated transport),  the concentration 

of water (kg/L) in plasma is approximately 11% higher than that of whole blood. Therefore, glucose 

concentrations in plasma are approximately 11% higher than whole blood if the hematocrit is normal. 
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Glucose concentrations in heparinized plasma  were reported in 1974 to be 5% lower than in serum 

(61). (The reasons for the difference are not apparent, but have been attributed to the shift in fluid from 

erythrocytes to plasma caused by anticoagulants.) In contrast, more recent studies found that glucose 

concentrations in plasma are slightly higher than serum. The differences observed were ~0.2 mmol/L 

(3.6 mg/dL) (62), ~2% (63) or 0.9% (60). Other studies indicate that glucose values measured in serum 

and plasma are essentially the same (64, 65). Based on these findings, it is unlikely that there is a 

substantial difference between glucose values in plasma and serum when assayed on current 

instruments, and any differences are small compared with the day-to-day biological variation of 

glucose. Nevertheless, carefully controlled studies are necessary to unequivocally resolve this question. 

Measurement of glucose in serum (rather than plasma) is not recommended by clinical organizations 

for the diagnosis of diabetes (19, 21). The glucose concentrations during an OGTT in capillary blood 

are significantly higher than those in venous blood (mean of 1.7 mmol/L (30 mg/dL), equivalent to 20-

25% (66)), but the mean difference in fasting samples is only 0.1 mmol/L (2 mg/dL) (66, 67). 

 

Reference values: Glucose concentrations in healthy individuals vary with age. Reference intervals in 

children are 3.3 – 5.6 mmol/L (60-100 mg/dL), similar to the adult range of 4.1 – 6.1 mmol/L (74-110 

mg/dL) (68). Note that the ADA and WHO criteria (19, 21), not the reference values, are used for the 

diagnosis of diabetes. Moreover, the threshold for diagnosis of hypoglycemia is variable. The reference 

values are not useful to diagnose these conditions. In adults, mean FPG increases with increasing age 

from the third to the sixth decade (69), but does not increase significantly after age 60 (70, 71). By 

contrast, glucose concentrations after a glucose challenge are substantially higher in older individuals 

(70, 71). Evidence of an association of increasing insulin resistance with age is inconsistent (72). 

Aging appears to influence glucose homeostasis and visceral obesity seems to be responsible for the 

reported decrease in glucose tolerance that is continuous beginning in middle-age (73).  
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B. Analytical 

 

Recommendation:  FPG values of 6.1 – 6.9 mmol/L (110-125 mg/dL) should be repeated and 

individuals with FPG of 5.3 – 5.7 mmol/L (96-104 mg/dL) should be considered for follow-up at 1 

year intervals.  

 

B (moderate) 

 

Recommendation: Based on biological variation, glucose measurement should have analytical 

imprecision ≤2.9%, bias ≤2.2% and total error ≤6.9%.  To avoid misclassification of patients, the goal 

for glucose analysis should be to minimize total analytical error and methods should be without 

measureable bias. 

 

GPP 

 

Glucose is measured almost exclusively by enzymatic methods. Analysis of proficiency 

surveys conducted by the College of American Pathologists (CAP) reveals that hexokinase or glucose 

oxidase is used in virtually all the analyses performed in the U.S. (68). A very few  laboratories (<1%) 

use glucose dehydrogenase. Enzymatic methods for glucose analysis are relatively well standardized. 

At a plasma glucose concentration of ~7.5 mmol/L (135 mg/dL), imprecision among laboratories using 

the same method had a CV ≤2.6% (68). Similar findings have been reported for glucose analysis in 

samples from patients. The method of glucose measurement does not influence the result. Comparison 

of results from ~6000 clinical laboratories reveals that the mean glucose concentrations measured in 
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serum samples by the hexokinase and glucose oxidase methods are essentially the same (74). However, 

significant biases were observed among different instruments (74). If similar biases occur with plasma, 

patients near the diagnostic threshold could be misclassified.  

No consensus has been achieved on the goals for glucose analysis. Numerous criteria have been 

proposed to establish analytic goals. These include expert opinion (consensus conferences), opinion of 

clinicians, regulation, state of the art and biological variation (75). A rational and realistic 

recommendation that has received some support is to use biological criteria as the basis for analytic 

goals. It has been suggested that imprecision should not exceed one half of the within-subject 

biological CV (76, 77). For plasma glucose, a CV < 2.2% has been suggested as a target for 

imprecision, with 0% bias (77). Although this recommendation was proposed for within-laboratory 

error, it would be desirable to achieve this goal for inter-laboratory imprecision to minimize 

differences among laboratories in the diagnosis of diabetes in individuals whose glucose 

concentrations are close to the threshold value. Therefore, the goal for glucose analysis should be to 

minimize total analytical error and methods should be without measureable bias. A national or 

international program using commutable samples (e.g., fresh frozen plasma) that eliminate matrix 

effects, with accuracy based grading using values derived with a reference method, should be 

developed to assist in the achievement of this objective.  

 

4. Interpretation 

 

Despite the low analytical imprecision at the diagnostic decision limits of 7.0 mmol/L (126 mg/dL) and 

11.1 mmol/L (200 mg/dL), classification errors may occur. Knowledge of intraindividual (within-

person) variability of FPG concentrations is essential for meaningful interpretation of patient values. 

An early study, which repeated the OGTT in 31 nondiabetic adults at 48 h intervals, revealed that FPG 
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in 22 subjects (77%) varied by <10% and in 30 subjects (97%) varied by <20% between the two values 

(78). Although total biological variation includes within-person and between-person variation, most 

discussions focus on the within-person variation. Careful evaluation over several consecutive days in 

healthy individuals revealed that biological variation of FPG [mean glucose of 4.9 mmol/L (88 

mg/dL)] exhibited within- and between-subject CVs of 4.8-6.1 % and 7.5-7.8%, respectively (79-81). 

Larger studies have revealed intraindividual CVs of  4.8-7.1% for FPG in 246 normal and 80 

previously undiagnosed individuals with diabetes, respectively (81). Similar findings were obtained 

with analysis of 685 adults from NHANES III where mean within-person variability of FPG measured 

2-4 weeks apart was 5.7% (95% CI of 5.3-6.1%) (82). Analysis of larger numbers of individuals from 

the same NHANES III database yielded within- and between-person CVs of 8.3% and 12.5%, 

respectively, at a glucose concentration of ~5.1 mmol/L (92 mg/dL) (83). If a CV (within-person 

biological) of 5.7% is applied to a true glucose concentration of 7.0 mmol/L (126 mg/dL), the 95% CI 

would encompass glucose concentrations of 6.2-7.8 mmol/L (112-140 mg/dL). If the CV (analytical) of 

the glucose assay (~3%) is included, the 95% CI is ~ ±12.88%. Thus, the 95% CI for a fasting glucose 

concentration of 7.0 mmol/L (126 mg/dL) would be 7.0 mmol/L ± 6.4% (126 mg/dL ± 6.4%), namely 

6.1-7.9 mmol/L (110-142 mg/dL). Using assay imprecision of 3% (CV) only (excluding biological 

variability), would yield 95% CI of  6.6 – 7.4 mmol/L (118-134 mg/dL) among laboratories for a true 

glucose concentration of 7.0 mmol/L (126 mg/dL). Performing the same calculations at the cutoff for 

impaired fasting glucose (IFG) yields 95% CI of 5.6 ± 6.4% (100 ± 6.4%), namely 4.9-6.3 mmol/L 

(87-113 mg/dL). One should bear in mind that these ranges include 95% of results and the remaining 

5% will be outside this range. Thus, the biological variability is substantially greater than analytic 

variability. Using biological variation as the basis for deriving analytical performance characteristics 

(75), the following desirable specifications for glucose have been proposed (84): analytical imprecision 

≤2.9%, bias ≤2.2% and total error ≤6.9%.  
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A short turnaround time for glucose analysis is not usually necessary for the diagnosis of 

diabetes. In some clinical situations, such as acute hyper- or hypoglycemic episodes in the Emergency 

Department or treatment of diabetic ketoacidosis (DKA), rapid analysis is desirable. A turnaround time 

of 30 min has been proposed (85). However, this value is based on suggestions of clinicians and no 

outcome data have been published that validate this figure. Inpatient management of diabetic patients 

may on occasion require a rapid turnaround time (minutes, not hours). Similarly, for protocols with 

intensive glucose control in critically ill patients (86), rapid glucose measurements are required to 

calculate the dose of insulin. Bedside monitoring with glucose meters (see below) has been adopted by 

many as a practical solution. 

 

Frequency of measurement: The frequency of measurement of plasma glucose is dictated by the 

clinical situation. The ADA, WHO and IDF recommend that an increased FPG or abnormal OGTT 

must be confirmed to establish the diagnosis of diabetes (19, 87). Screening by FPG is recommended 

every 3 years beginning at age 45, more frequently in high-risk individuals; however frequency of 

analysis in the latter group is not specified. Monitoring is performed by patients themselves who 

measure glucose with meters and by assessment of GHb in an accredited laboratory (see below). 

Appropriate intervals between measurements of glucose in acute clinical situations (e.g., patients in 

hospital, patients with DKA, neonatal hypoglycemia, etc.) are highly variable and may range from 30 

min to 24 hours or more. 

 

5. Emerging considerations 

 

Continuous minimally-invasive and noninvasive analysis of glucose is addressed below. 
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METERS  

 

Portable meters for measurement of blood glucose concentrations are used in three major 

settings: i) in acute and chronic care facilities (including intensive care units); ii) in physicians’ offices 

and iii) by patients at home, work and school. The last, self-monitoring of blood glucose (SMBG), was 

performed at least once a day by 40% and 26% of individuals with type 1 and 2 diabetes, respectively, 

in the United States in 1993 (88). The overall rate of daily use of SMBG increased to 40.6% in 1997 

and 63.4% in 2006 among adults with diabetes in the US (89). The ADA listed the following 

indications for SMBG: i) achievement and maintenance of glycemic control; ii) prevention and 

detection of hypoglycemia; iii) avoidance of severe hyperglycemia; iv) adjusting to changes in life-

style and v) determining the need for initiating insulin therapy in GDM (90). It is recommended that 

most individuals with diabetes attempt to achieve and maintain blood glucose concentrations as close 

to those found in non-diabetic individuals as is safely possible. 

 

1. Use 

 

A. Diagnosis/Screening 

 

Recommendation:  There are insufficient published data to support a role for portable meters and skin-

prick (finger-stick) blood samples in the diagnosis of diabetes or for population screening.  

 

C (moderate)  
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Recommendation:  The imprecision of the results, coupled with the substantial differences among 

meters, precludes their use in the diagnosis of diabetes and limits their usefulness in screening for 

diabetes. 

 

A (moderate) 

 

The glucose-based criteria for the diagnosis of diabetes are based upon outcome data (the risk 

of micro- and macrovascular disease) correlated with plasma glucose concentrations—both fasting and 

2 h after a glucose load—assayed in an accredited laboratory (1). Whole blood is used in portable 

meters. Although most portable meters have been programmed to report a plasma glucose 

concentration, the imprecision of the current meters (see below) precludes their use in the diagnosis of 

diabetes. Similarly, screening by portable meters, although attractive because of convenience, ease and 

accessibility, would generate many false positives and false negatives. 

 

B. Monitoring/Prognosis 

 

Recommendation:  SMBG is recommended for all insulin-treated patients with diabetes. For type 1 

patients, SMBG is recommended three or more times a day.  

 

A (high) 

 
 

Recommendation: In patients with type 2 diabetes treated with diet and oral agents, SMBG may help 

achieve better control, particularly when therapy is initiated or changed. Data are insufficient, however, 
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to claim an associated improvement of health outcomes. The role of SMBG in patients with stable type 

2 diabetes controlled by diet alone is not known. 

 

C (high-moderate) 

 
 

SMBG is recommended for all insulin-treated patients with diabetes. Tight glycemic control 

can decrease microvascular complications in individuals with type 1 (43) or type 2 (45) diabetes. 

Intensive glycemic control in patients with type 1 diabetes was achieved in the DCCT by participants 

performing SMBG at least four times per day (43). Therapy in patients with type 2 diabetes in the 

UKPDS (45) was adjusted according to FPG concentrations – SMBG was not evaluated. 

The role of SMBG in individuals with type 2 diabetes has generated considerable controversy 

(91, 92). Faas et al. (93) reviewed eleven studies, published between 1976 and 1996, that evaluated 

SMBG in patients with type 2 diabetes. Only one of the published studies reported that SMBG 

produced a significant improvement in GHb. The authors of the review concluded that the efficacy of 

SMBG in type 2 diabetes is questionable (93). Similar conclusions were drawn in a meta-analysis (94), 

in a sample of patients with type 2 diabetes in the NHANES (95) and in the Freemantle Diabetes Study 

(96). Two randomized trials have assessed the use of glucose meters in individuals with type 2 diabetes 

(97, 98). One (97) had statistical power to detect a 0.5% reduction in HbA1c, but reported only a 

modest decrease (0.3%) of HbA1c in poorly controlled patients treated with oral agents. The second 

study (98) failed to demonstrate a significant difference in HbA1c in patients who were assigned to use 

meters compared to those who weren’t. 

For individuals with type 2 diabetes, cross-sectional and longitudinal observational studies in 

several countries have failed to demonstrate an improvement of glycemic control, as measured by 
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mean HbA1c concentrations, associated with use of SMBG (99-101). This lack of effect was seen in 

individuals treated with insulin, oral agents or both. Frequency of meter use did not predict HbA1c.  

A 2005 Cochrane review (102, 103) of self monitoring in individuals with type 2 diabetes not 

using insulin concluded that SMBG might be effective in improving glucose control. There was 

insufficient evidence to study if it was beneficial in improving quality of life, well-being or patient 

satisfaction, or in decreasing the number of hypoglycaemic episodes. 

The randomized controlled DiGEM Trial (104) studied people with type 2 diabetes, a third of 

whom were treated with diet alone. The investigators concluded that “evidence is not convincing of an 

effect of self monitoring blood glucose in improving glycaemic control [as assessed by HbA1c]  

compared with usual care in reasonably well controlled non-insulin treated patients with type 2 

diabetes.” A cost-effectiveness analysis of data from the DiGEM trial concluded that “self monitoring 

of blood glucose with or without additional training in incorporating the results into self care was 

associated with higher costs and lower quality of life in patients with non-insulin treated type 2 

diabetes. In light of this, and no clinically significant differences in other outcomes, self monitoring of 

blood glucose is unlikely to be cost effective in addition to standardised usual care” (105) 

The later ESMON study (106), a randomized controlled trial of SMBG in newly diagnosed people 

with diabetes not treated with insulin, found no benefit of SMBG on glycemic control, but did find 

higher scores on a depression subscale. 

Finally, a 2009 review (107) addressed recent large randomized trials of tight glycemic control in 

patients with type 2 diabetes, a major rationale for use of SMBG in these patients. It concluded that 

“tight glycemic control burdens patients with complex treatment programs, hypoglycemia, weight 

gain, and costs and offers uncertain benefits in return”. 

 

2. Rationale 
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Knowledge of ambient plasma or blood glucose concentrations is used by insulin-requiring 

patients, particularly those with type 1 diabetes, as an aid in determining appropriate insulin doses at 

different times of the day (90). Patients adjust the amount of insulin according to their plasma or blood 

glucose concentration. Frequent SMBG is particularly important for tight glycemic control in type 1 

diabetes.  

Hypoglycemia is a major, potentially life-threatening complication of the treatment of diabetes. 

The risk of hypoglycemia increases significantly with pharmacologic therapy directed towards 

maintaining the glycemic range as close to those found in non-diabetic individuals as is safely possible 

(43, 45). The incidence of major hypoglycemic episodes—requiring third-party help or medical 

intervention—was 2- to 3-fold higher in the intensive group than in the conventional group in clinical 

trials of patients with type 1 and type 2 diabetes (43, 45). Furthermore, many patients with diabetes, 

particularly those with type 1, lose the autonomic warning symptoms that normally precede 

neuroglycopenia (“hypoglycemic unawareness”) (108), increasing the risk of hypoglycemia. SMBG 

can be useful for detecting asymptomatic hypoglycemia and allowing patients to avoid major 

hypoglycemic episodes.  

 

3. Analytical Considerations 

 

A. Preanalytical 

 

Recommendation:  Patients should be instructed in the correct use of glucose meters, including quality 

control. Comparison between SMBG and concurrent laboratory glucose analysis should be performed 

at regular intervals to evaluate the performance of the meters in the patient’s hands. 
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B (moderate) 

 

Numerous factors can interfere with glucose analysis with portable meters. Several of these, 

such as improper application, timing and removal of excess blood (59), have been eliminated by 

advances in technology. Important variables that may influence the results of bedside glucose 

monitoring include changes in hematocrit (109), altitude, environmental temperature or humidity, 

hypotension, hypoxia and high triglyceride concentrations (110). Furthermore, most meters are 

inaccurate at very high or very low glucose concentrations. Another important factor is variability of 

results among different glucose meters. Different assay methods and architectures result in lack of 

correlation among meters, even from a single manufacturer. In fact, two meters of the same brand have 

been observed to differ substantially in accuracy (111, 112). Patient factors are also important, 

particularly adequate training. Recurrent education at clinic visits and comparison of SMBG with 

concurrent laboratory glucose analysis improved the accuracy of patients’ blood glucose readings 

(113). In addition, it is important to evaluate the patient’s technique at regular intervals (21).  

 

B. Analytical 

 

Recommendation:  Multiple performance goals for portable glucose meters have been proposed. These 

targets vary widely and are highly controversial. No published study has reported results that meet the 

goals proposed by the ADA of less than 5% total error. Manufacturers should work to improve the 

imprecision of current meters, with an intermediate goal of limiting total error, for 95% of samples, to 

≤15% at glucose concentrations ≥5.6 mmol/L (100 mg/dL) and to <0.8 mmol/L (15 mg/dL) at glucose 
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concentrations <5.6 mmol/L (100 mg/dL). Lower total error would be desirable and may prove 

necessary in tight glucose control protocols and for avoiding hypoglycemia in all settings. 

 

C (low) 

 

Recommendation: We recommend meters that measure and report plasma glucose concentrations to 

facilitate comparison with assays performed in accredited laboratories.  

 

GPP 

 
 

Virtually all glucose meters use strips that contain enzymes such as glucose oxidase and 

glucose dehydrogenase. A drop of whole blood is applied to a strip that contains all the reagents 

necessary for the assay. Some meters have a porous membrane that separates erythrocytes and analysis 

is performed on the resultant plasma. Meters can be calibrated to report plasma glucose values, even 

when the sample is whole blood. An IFCC working group recommended that glucose meters report 

concentrations of glucose in plasma, irrespective of the sample type or technology (114, 115); this 

approach can improve harmonization and allow comparision with laboratory-generated results (116). 

The meters use reflectance photometry or electrochemistry to measure the rate of the reaction or the 

final concentration of the products. The meters provide digital readouts of glucose concentration. 

Manufacturers claim reportable concentration ranges as large as 33.3 mmol/L (600 mg/dL), e.g., 0-33.3 

mmol/L (0-600 mg/dL).  

Several important technological advances decrease operator error. These include automatic 

commencement of timing when both the sample and the strip are in the meter, smaller sample volume 

requirements, an error signal if sample volume is inadequate, “lock out” if controls are not assayed, 
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and bar code readers to identify the lot of strips. Moreover, meters store up to several hundred results 

that can subsequently be downloaded for analysis. Together these improvements have improved 

performance of new meters (117, 118). Nonetheless, meter performance in the hands of patients does 

not equal potential performance as judged by performance in the hands of skilled medical technologists 

(119) . 

Numerous analytical goals have been proposed for the performance of glucose meters. The 

rationale for these is not always clear. In 1987 the ADA recommended a goal of total error (user plus 

analytical) of < 10% at glucose concentrations of 1.7-22.2 mmol/L (30-400 mg/dL) 100% of the time 

(120). In addition, it was proposed that values should differ by < 15% from those obtained by a 

laboratory reference method. The recommendation was modified in response to the significant 

reduction in complications by tight glucose control in the DCCT. The revised performance goal, 

published in 1996 (90), is for total analytical error < 5%. To our knowledge, there are no published 

studies of patients with diabetes achieving the ADA goal of analytic error of <5% with any glucose 

meters.  

The less stringent CLSI (formerly NCCLS) recommendations are that, for 95% of the samples, 

the difference between meter and laboratory measurements of glucose be (a) <20%  when laboratory 

glucose is >5.5 mmol/L (100 mg/dL) and (b) <0.83 mmol/L (15 mg/dL) of laboratory glucose when 

the glucose concentration is ≤5.5 mmol/L (100 mg/dL)(121). The 2003 International Organization for 

Standardization (ISO) recommendations (122) propose that for test readings >4.2 mmol/L (75 mg/dL), 

the discrepancy between meters and accredited laboratory should be <20%; for glucose ≤ 4.2 mmol/L 

(75 mg/dL), the discrepancy should not exceed 0.83 mmol/L (15 mg/dL) in 95% of samples. At the 

time of writing, both the CLSI and ISO recommendations were undergoing revision.  

These criteria serve as de facto minimal quality requirements for manufacturers wishing to sell 

meters. With these criteria, a concentration of 2.5 mmol/L (45 mg/dL) may be read as 1.7 mmol/L (30 
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mg/dL) or 3.3 mmol/L (60 mg/dL) and be considered acceptable. Such errors do not appear to be 

acceptable for reliable detection of hypoglycemia. Similarly, errors of 20% can lead to errors in insulin 

dosing which, when combined with other factors, can lead to hypoglycemia. 

Different approaches to establishing quality requirements have been proposed by others. Clarke 

(123) developed an Error Grid that attempts to define clinically important errors by identifying fairly 

broad target ranges. In another approach, 201 patients with longstanding type 1 diabetes were 

questioned to estimate quality expectations for glucose meters (124). Based on patients’ perceptions of 

their needs and of their reported actions in response to changes in measured glucose concentrations, a 

goal for analytical quality at hypoglycemic concentrations was a CV of 3.1%. Excluding 

hypoglycemia, the analytical CV to meet the expectations of 75% of the patients was 6.4%-9.7%. The 

authors recommended an analytical CV of 5%, with a bias ≤5% (124). A third approach used 

simulation modeling of errors in insulin dose (125). The results revealed that meters that achieve both 

a CV and a bias <5% rarely lead to major errors in insulin dose. However, to provide the intended 

insulin dosage 95% of the time, the bias and CV needed to be <1%-2%, depending upon the dosing 

schedule for insulin and the ranges of glucose concentrations for the individual patient (125). No 

meters have been shown to achieve CVs of 1-2% in routine use in the hands of patients.  

The lack of consensus on quality goals for glucose meters reflects the absence of agreed 

objective criteria. Using the same biological variation criteria described above for glucose analysis in 

accredited laboratories (Section 4, Interpretation), a biological goal would be total error ≤6.9%, with 

imprecision (as CV of measurements over several days or weeks) ≤ 2.9% and bias ≤2.2% (84). 

However, additional studies are necessary to define a goal that is related to medical needs.  

Current meters exhibit performance superior to prior generations of meters (117, 118). A 

variety of studies of newer analyzers have documented imprecision (CV) of about 2% in the hands of 

trained workers. Nonetheless, there is room for improvement. In a study conducted under carefully 
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controlled conditions in which all assays were performed by a single medical technologist, only about 

50% of analyses met the ADA criterion of <5% deviation from reference values (117). Another study 

that evaluated meter performance in 226 hospitals by split-samples analyzed simultaneously on meters 

and laboratory glucose analyzers revealed that 45.6%, 25% and 14% differed from each other by > 

10%, > 15% and > 20%, respectively (126). In another study, none of the meters met the ADA 

criterion (127). In an evaluation in which “all testing was performed by trained study staff in an 

inpatient Clinical Research Center setting”, only 81% of results of meter results were within 10% of 

results from an accredited laboratory using a hexokinase method (128). We are aware of no studies that 

document patient-generated results that meet the ADA criteria. Moreover, an analysis of published 

studies of glucose meters demonstrated that the studies suffered from deficiencies in study design, 

methodology and reporting (129), raising the possibility that reported total error underestimates the 

true total error of the meters. A standardized method for evaluation of meters has been developed in 

Norway (129), and the Norwegian Health Authorities have decided that all SMBG instruments 

marketed in Norway should be examined by a similar procedure (130). Results of evaluations of 9 

brands of meters according to this method showed that 3 of 9 meters did not meet the ISO criteria and 

none met the ADA criteria in the hands of patients (130).  

Glucose meters are also used to support tight control of glucose in patients in intensive care 

units settings. A seminal randomized controlled trial of Van den Berghe reported a 34% reduction of 

mortality in surgical ICU patients managed according to a tight glucose control protocol (86). A meta-

analysis seven years later of multiple randomized controlled trials of tight glucose control failed to 

identify any improved outcomes, but did find an increased incidence of hypoglycemia (131). A 

Perspective article (132) pointed out that the seminal study of Van den Berghe used a precise and 

accurate glucose analyzer and collected central blood samples, whereas subsequent studies often used 

glucose meters and finger-stick samples. The integrity of results of finger-stick samples can be 
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compromised by factors such as shock, hypoxia and low hematocrit that are common in these settings 

(133). Moreover, the error of glucose meters may compound the problem and compromise the ability 

to control blood glucose and avoid hypoglycemia. Simulation modeling studies have demonstrated that 

errors in glucose measurement lead to marked degradation of glycemic control in tight glucose control 

protocols (134). In a 2005 study of ICU patients (135), the agreement of meter results with accredited 

laboratory results was found to be poor: among 767 paired results, the 95% limits of agreement were 

+2.4 to -1.5 mmol/L (+43.1 to -27.2 mg/dL); the performance did not meet the CLSI/ISO criteria for 

glucose meters. The authors concluded that "for the individual patient, bedside glucose meter 

measurement gives an unreliable estimate of plasma glucose" (135). Hoedemakers et al (136), in a 

study of 197 arterial blood samples from ICU patients, reported that the evaluated meter did not meet 

the ISO total-error criteria. They also demonstrated that total error was greater when meters were used 

in ICU patients than in non-ICU patients. A later paper, also studying arterial blood from ICU patients, 

measured glucose in 239 samples by a portable meter and by a laboratory method and found that the 

meter results did not meet the CLSI/ISO criteria (137). Similarly, a 2005 study of arterial, venous and 

capillary samples from a mixed medical-surgical ICU of a tertiary care hospital in Canada had found 

that meters did not meet proposed CLSI goals, but that a blood gas analyzer did (138).  

 

Recommendation: Studies are needed to determine the analytical goals (quality specifications) for 

glucose meters in self monitoring of blood glucose and in intensive care units.  

  

C (moderate)      

 

Recommendations for future research: Important end-points in studies of SMBG should include, at a 

minimum, HbA1c and frequency of hypoglycemic episodes to ascertain whether improved meters 



DRAFT

DRAFT November 2010 Version 
 
enable patients to achieve better glucose control. For studies of meter use in intensive or critical care, 

important end-points include mean blood glucose, frequency of hypoglycemia and variability of 

glucose control. Ideally, outcomes (e.g., long-term complications) should also be examined. 

 

GPP 

 

Frequency of measurement 

 
SMBG should be performed at least 3 times per day in patients with type 1 diabetes. 

Monitoring less frequently than 3 times a day results in a deterioration of glycemic control (90, 139, 

140). Self-monitoring is performed by patients much less frequently than recommended. Data from 

NHANES III collected between 1988 and 1994 reveal that SMBG was performed at least once a day 

by 39% of patients taking insulin and 5-6% of those treated with oral agents or diet alone (95). 

Moreover, 29% and 65% of patients treated with insulin and oral agents, respectively, monitored their 

blood glucose less than once per month. However, no evaluation has been performed to verify that 3 

times a day is ideal or whether some other frequency would improve glycemic control. For example, 

adjustment of insulin therapy in women with GDM according to the results of post-prandial, rather 

than pre-prandial, plasma glucose concentrations improved glycemic control and reduced the risk of 

neonatal complications (141). The optimal frequency of SMBG for patients with type 2 diabetes is 

unknown.  

Current ADA recommendations suggest that SMBG be performed 3 or more times per day by 

patients treated with multiple daily injections of insulin (21), and that “SMBG is useful in achieving 

glycemic goals” in other patients. The last statement is based on expert opinion. 
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CONTINUOUS MINIMALLY-INVASIVE GLUCOSE ANALYSES  

 

1. Use 

 

Recommendation: Real-time continuous glucose monitoring (CGM) in conjunction with intensive 

insulin regimens can be a useful tool to lower HbA1c in selected adults (age > 25 years) with type 1 

diabetes. 

 

A (high) 

 

Recommendation: Although the evidence for HbA1c lowering is less strong in children, teens, and 

younger adults, real-time CGM may be helpful in these groups. Success correlates with adherence to 

ongoing use of the device. 

 

B (moderate) 

 

Recommendation: Real-time CGM may be a supplemental tool to SMBG in those with hypoglycemia 

unawareness and/or frequent episodes of hypoglycemia. 

 

B (low) 

 

Recommendation: Patients require extensive training in using the device. Available devices must be 

calibrated with SMBG readings and the latter are recommended for making treatment changes. 
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GPP 

 

The development of a device for “continuous” in vivo monitoring of glucose concentrations in 

blood is a very high priority as patients are required to control their plasma glucose more closely  (21, 

43, 142). The first device approved by the FDA for minimally-invasive interstitial fluid glucose 

sensing, the transcutaneous “GlucoWatch Biographer”, is no longer on the market. Subsequently, 

several implanted-catheter systems were approved (Table 5). The initial device in the latter category is 

the “Continuous Glucose Monitoring System” (CGMS) (Medtronic), a system that does not provide 

real-time data to the patient; but rather is worn for three days and then returned to the provider’s office 

for its data to be downloaded for trend analyses. More recently, a number of real-time devices, with 

which patients can see both current glucose concentrations and trends, have become commercially 

available. These include, in the U.S., the Guardian Real-Time (Medtronic Diabetes), the Seven Plus 

System (DexCom), and the Freestyle Navigator (Abbott). Continuous glucose monitoring devices 

require calibration and confirmation of accuracy with conventional SMBG, and the FDA advises using 

the latter for treatment decisions, such as calculating pre-meal insulin doses. 

Clinical studies of these devices, generally in highly selected populations, had primarily been 

limited to assessments of their accuracy, or short-term trials demonstrating reductions in the time 

patients spend in hypo- and hyperglycemic ranges (143). A systematic review of trials of the non- real-

time CGMS device suggests that it does not significantly lower HbA1c compared to SMBG (144). In 

2008, a large 26-week randomized trial of 322 type 1 diabetes patients showed that adults age 25 and 

older using intensive insulin therapy and real-time CGM experienced a 0.5% reduction in HbA1c (from 

~ 7.6% to 7.1%) compared to usual intensive insulin therapy with SMBG (145). Sensor use in children, 

teens and adults to age 24 did not lower HbA1c significantly, and there was no significant difference in 

hypoglycemia in any group. The greatest predictor of HbA1c reduction in this study for all age groups 
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was frequency of sensor use, which was lower in younger age groups. Although CGM is an evolving 

technology, emerging data suggest that, in appropriately selected patients who are motivated to wear it 

most of the time, it may offer benefit. CGM may be particularly useful in those patients with 

hypoglycemia unawareness and/or frequent episodes of hypoglycemia, and studies in this area are 

ongoing.  

 

2. Rationale  

 

The first goal for developing a reliable in vivo continuous glucose sensor is to detect 

unsuspected hypoglycemia. The importance of this goal has been increasingly appreciated with the 

recognition that strict glucose control is accompanied by a marked increase in the risk of hypoglycemia 

(43, 142). Therefore, a sensor designed to detect severe hypoglycemia alone would be of value. In 

contrast, a full-range, reliable in vivo continuous glucose monitor is a prerequisite for the development 

of a closed-loop pump or “artificial pancreas” that would measure blood glucose concentrations and 

automatically adjust insulin administration. 

 

3. Analytical Considerations 

 

Methods to sample biological fluids in a continuous and minimally invasive way vary among 

test systems (Table 5). The underlying fundamental concept is that the concentration of glucose in the 

interstitial fluid correlates with blood glucose. The implanted sensors employ multiple detection 

systems including enzyme- (usually glucose oxidase), electrode- and fluorescence-based techniques. 

Alternatives to enzymes as glucose recognition molecules are being developed, including artificial 

glucose “receptors” (146, 147). Fluorescence technologies include use of engineered molecules, which 
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exhibit altered fluorescence intensity or spectral characteristics upon binding glucose, or use of 

competitive binding assays that employ two fluorescent molecules in the  fluorescent resonance energy 

transfer (FRET) technique (148-152).  

 

4. Interpretation 

 

The subcutaneous sensors are generally worn for a number of days, and require calibration 

several times per day with SMBG readings. A few small studies have examined their accuracy 

compared to SMBG and/or to plasma glucose assays. For the Medtronic CGMS Gold device, the mean 

absolute difference between sensor readings and blood glucose readings was 15.0% +/- 12.2% for 735 

paired samples, while the GlucoDay microdialysis device had a mean absolute difference of 13.6 +/- 

10.2% for 1156 paired samples (153). For both devices, accuracy was lowest in the hypoglycemic 

ranges. Approximately 97% of values for both fell within zones A and B of a Clarke error grid 

analysis, with none falling in zone E (153). A study of 91 insulin-treated patients using the DexCom 

showed that 95% of 6767 paired glucose values fell within Clark error grid zones A and B, with mean 

absolute difference of 21.2% (143).  

Currently, there are no analytical goals for non- and minimally-invasive glucose analyses. Such 

standards will clearly need to be different for different proposed uses. For example, the reliability, 

precision and accuracy requirements for a glucose sensor that is linked to a system that automatically 

adjusts insulin doses will be much more stringent than those for a sensor designed to trigger an alarm 

in cases of apparent extreme hyper- or hypoglycemia. It seems intuitively obvious that a larger 

imprecision can be tolerated in instruments that make frequent readings during each hour than in an 

instrument used only 2 or 3 times per day to adjust a major portion of a person’s daily insulin dose. 
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5. Emerging considerations 

 

With the approvals of several self-monitoring continuous glucose sensors by the FDA, it is 

anticipated that there will be renewed efforts to bring other technologies forward into clinical studies. 

Ultimately, we shall see improved methods for non-invasive or minimally-invasive glucose 

measurements that will complement current self glucose monitoring techniques. 

 

 

NONINVASIVE GLUCOSE ANALYSIS 

 

Recommendation: No noninvasive sensing technology is currently approved for clinical glucose 

measurements of any kind. Major technological hurdles must be overcome before noninvasive 

sensing technology will be sufficiently reliable to replace existing portable meters, implantable 

biosensors, or minimally invasive technologies.  

 

C (very low) 

 

1. Use 

 

Noninvasive glucose sensing technologies represent a group of potential analytical methods for 

measuring blood glucose concentrations without implanting a probe or collecting a sample of any type. 
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The most commonly explored methods involve passing a selected band of non-ionizing 

electromagnetic radiation (light) through a vascular region of the body and then determining the in vivo 

glucose concentration from an analysis of the resulting light or spectrum (Table 5). The distinguishing 

feature of this approach is a lack of physical contact between the sample matrix and a measurement 

probe. The only functional interaction is light passing through the sample.  

A truly noninvasive method will be painless in operation and capable of continuous readings 

over time. In addition, noninvasive sensing technology may be less expensive to implement compared 

to existing technologies that demand either a fresh test-strip for each measurement or a new 

implantable probe that requires multiple daily calibration measurements with fresh test-strips. 

Furthermore, most noninvasive strategies offer the potential for measuring multiple analytes from a 

single noninvasive measurement. The development of this technology is driven by the features of low 

cost, painless and continuous operation with no reagents or waste for disposal.  

Reports in the peer-reviewed literature describe noninvasive measurements based on a variety 

of techniques, such as absorption spectroscopy, photoacoustic spectroscopy, Raman scattering, static 

light scattering, polarimetry, and optical coherent tomography (154-157). Potential applications include 

discrete home glucose testing, continuous home glucose monitoring, nocturnal hypoglycemia alarm, 

physician’s office measurements, point-of-care monitoring, screening for diabetes, and control of 

hyperglycemia in critically ill patients. To date, none of these potential applications has been realized.  

 

2. Rationale 

 

Indirect and direct methods are being developed for noninvasive glucose sensing. Indirect 

methods rely on the impact of in vivo glucose concentrations on a measurable parameter. The classic 
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example of this approach is the effect of blood glucose concentrations on the scattering properties of 

skin (158). Changes in blood glucose substantially affect the refractive index difference between skin 

cells and the surrounding interstitial fluid, thereby altering the scattering coefficient of skin. This 

parameter can be measured in a number of ways, including ocular coherent tomography. Impedance of 

skin and the aggregation properties of red blood cells are other indirect approaches.  

Direct methods measure a property of the glucose molecule itself. Vibrational spectroscopy is 

the primary direct method and generally involves either mid-infrared, near infrared, photoacoustic or 

Raman scattering spectroscopy. The basis of these measurements is the unique spectral signature of 

glucose relative to the background tissue matrix.  

Selectivity is the primary factor that must be addressed for either indirect or direct approaches. 

The lack of an isolated sample precludes the use of physical separations or chemical reactions to 

enhance measurement selectivity. All the analytical information must originate from the noninvasive 

signal. Ultimately, success of any approach demands a full understanding of the fundamental basis of 

selectivity. To this end, basic research efforts are paramount to establish such a level of understanding.  

 

3. Analytical Considerations 

 

It should no longer be acceptable to publish results that simply demonstrate the ability to follow 

glucose transients during simple glucose tolerance tests (159). This ability is well established in the 

literature for numerous approaches, both indirect and direct. In fact, it is rather easy to monitor optical 

changes that correlate with in vivo glucose concentrations during glucose tolerance tests. It is 

considerably more difficult, however, to demonstrate that such measurements are reliable and selective. 

Reliability and selectivity must be the focus of the next generation of research. Indeed, the FDA 
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considers all noninvasive sensing technologies to be high-risk medical devices and premarket approval 

documentation will be required for commercialization in the U.S. (160). 

Many reports of attempts to measure glucose noninvasively lack sufficient information to judge 

the likelihood that glucose is truly being measured. Interpretation of such clinical data is complicated 

by the common use of multivariate statistically methods, such as partial least squares regression and 

artificial neural networks. These multivariate methods are prone to spurious correlations that can 

generate apparently functional glucose measurements in the complete absence of glucose-specific 

analytical information (161, 162). Given this known limitation of these multivariate methods, care 

must be used in their implementation. Tests for spurious correlations (163-165) must be developed and 

implemented with all future clinical data to avoid reports of false success.  

Despite the limitations noted above, real progress is being made to further the development of 

noninvasive glucose sensing technologies (166, 167). Rigorous testing of noninvasive technologies 

must be continued in concert with efforts to understand the underlying chemical basis of selectivity. 

Issues of calibration stability must also be investigated. Overall progress demands advances in both 

instrumentation and methods of data analysis. For each, meaningful benchmarks must be established to 

allow rigorous inter- and intra-laboratory comparisons.  

 

 

ORAL GLUCOSE TOLERANCE TEST (OGTT) 
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Recommendation:  The oral glucose tolerance test is not recommended for the routine diagnosis of 

type 1 or type 2 diabetes mellitus. It is recommended for establishing the diagnosis of gestational 

diabetes mellitus and for evaluation postpartum after gestational diabetes. 

  

A (moderate) 

 

 

1. Use 

 

The OGTT, once the gold standard for diagnosing diabetes mellitus, is now not recommended 

by the ADA for routinely diagnosing either type 1 or type 2 diabetes, but continues to be recommended 

in a limited fashion by the WHO) (19, 168, 169).  Did you mean throughout the document or just here? 

The oral glucose challenge (or glucose tolerance test) continues to be recommended by both the ADA 

and the WHO for establishing the diagnosis of GDM (see below). Neither group recommends use of 

the extended 3-5 h glucose tolerance test in routine practice. 

 

2. Rationale 

 

Inability to respond appropriately to a glucose challenge, i.e., glucose intolerance, represents 

the fundamental pathological defect in diabetes mellitus. The rationale for the ADA not recommending 

that the glucose tolerance test be used routinely to diagnose type 1 and 2 diabetes is that appropriate 

use of FPG could identify approximately the same prevalence of abnormal glucose metabolism in the 

population as the OGTT. Furthermore, the OGTT is impractical in ordinary practice. The consensus 

was that a 2 h plasma glucose cutoff of >11.1 mmol/L (200 mg/dL) should be used as it was predictive 
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of the occurrence of microangiopathy. However, approximately only one-fourth of the individuals with 

2 h plasma glucose >11.1 mmol/L (200 mg/dL) have a FPG  >7.8 mmol/L (140 mg/dL), which was the 

FPG previously recommended to diagnose diabetes mellitus. The currently recommended FPG value 

of 7.0 mmol/L (126 mg/dL) corresponds better to a 2-h value in the OGTT of >11.1 mmol/L (200 

mg/dL), and thus with development of complications.  

Use of the OGTT to classify individuals with impaired glucose tolerance (IGT) and diabetes 

remains controversial. Several studies (170-173) indicate that individuals classified with IGT by the 

OGTT (WHO criteria) have increased risk of cardiovascular disease, but many of these individuals do 

not have impaired fasting glucose (IFG) by the ADA criteria. Furthermore, the OGTT (WHO criteria) 

identifies diabetes in approximately 2% more individuals than the FPG (ADA criteria) (174) [see 

Emerging Considerations below]. Finally, diabetic patients with both abnormal FPG and 2 h OGTT 

have a higher risk of premature death than those with only an increased FPG concentration (175). Use 

of the OGTT remains controversial with some studies suggesting that its value is limited (176, 177), 

while in 2006 the WHO re-iterated its support of the OGTT (19).  

 

3. Analytical considerations 

 

The reproducibility of the OGTT has received considerable attention. In numerous studies, the 

reproducibility of the OGTT in classifying patients ranges from 50-66% (178, 179). Possible factors 

contributing to the lack of reproducibility include biologic variation of plasma glucose concentrations, 

the variable effects of administration of a hyperosmolar glucose solution on gastric emptying and the 

extensive patient preparation that is required (178, 180, 181).  

 

4. Interpretation  
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 a) Diagnosis of type 1 and 2 diabetes. The ADA and WHO have different recommendations 

  1) ADA:   Not recommended for routine clinical use except in pregnant women (1).  

 2) WHO:  When the FPG concentration is in the IFG range [6.1 mmol/L (110 mg/dL)-7.0 

mmol/L (126 mg/dL)] an OGTT is recommended (169). After three days of unrestricted 

diet and an overnight fast (8-14 h), FPG is measured, followed by the oral ingestion of 

75 g anhydrous glucose (or partial hydrolysates of starch of the equivalent carbohydrate 

content) in 250-300 ml of water over 5 min. For children, the dose is 1.75 g glucose/kg 

up to 75 g glucose. Blood samples are collected 2 h after the load, and plasma glucose 

analyzed. Results are interpreted as detailed in Table 6.  

 

5. Emerging considerations 

 

The main issues of controversy are: 1) the lower sensitivity of FPG compared to the OGTT in 

diagnosing diabetes mellitus,  2) the value of classifying individuals as having IGT (recommended by 

WHO, but not the ADA) and 3) the appropriate use in GDM (see GDM section).  

The lower sensitivity of FPG compared to the OGTT in diagnosing diabetes mellitus is closely 

linked to epidemiological evidence that the OGTT better identifies patients at risk for developing 

complications of diabetes. This includes assessment of the risk of developing cardiovascular disease 

(182) and of predicting increased risk of death (183). The continuing use of  the OGTT to diagnose 

diabetes mellitus has been supported by the WHO (19).  

 

GESTATIONAL DIABETES MELLITUS (GDM)   
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1. Use  

 

Recommendation: All women of average or high risk of gestational diabetes mellitus (GDM) should 

undergo GDM testing at 24-28 weeks of gestation. 

 

A (high) 

 

The OGTT is used universally to identify states of increased glucose concentrations in 

pregnancy, commonly called gestational diabetes mellitus. The oral glucose challenge (or glucose 

tolerance test) continues to be recommended by both the ADA and the WHO for establishing the 

diagnosis of GDM. Neither group recommends use of the extended 3-5 h glucose tolerance test in 

routine practice. Controversy about the diagnostic criteria for GDM has continued because the 

strategies for detection and diagnosis are in the case of ADA criteria, based on a paradigm for 

identifying mothers at risk for development of diabetes mellitus in the future, or in the case of criteria 

recommended by WHO and others, simply represent the same values that are used to classify 

concentrations of plasma glucose in non-pregnant individuals (Table 6). However, two randomized 

clinical trials have now demonstrated benefit from the treatment of “mild” GDM. Both studies found 

that treatment of GDM can reduce both serious adverse outcomes and the frequency of large babies 

(macrosomia) (184, 185). 

 

2. Rationale 
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GDM has been defined as any degree of glucose intolerance with onset or first recognition 

during pregnancy (1). Following recent discussions, the International Association of Diabetes and 

Pregnancy Study Groups (IADPSG) recommended that high-risk women who have diabetes at their 

initial prenatal visit using standard criteria (Table 4) receive a diagnosis of overt, not gestational, 

diabetes (21). The IADPSG recommendations are not identical to the criteria for non-pregnant 

individuals in that an OGTT result with FPG <7.0 and 2-hr value >11.1 is not called “overt diabetes”.  

The ADA states that because of the risks of GDM to the mother and the neonate, screening and 

diagnosis are warranted (21). The 4th International Workshop Conference on GDM (186) and 

subsequently the ADA (187) recommended that at the time patients enroll for prenatal care, screening 

for GDM be initiated by carrying out a “risk assessment” as follows: 

a. Low risk patients require no testing. 

Low risk status is limited to women meeting ALL of the following: 

 Age < 25 years 

 Weight normal before pregnancy 

 Weight normal at birth (added by 5th Workshop Conference (188) 

 Member of an ethnic group with a low prevalence of GDM 

 No known diabetes in first-degree relatives 

 No history of abnormal glucose tolerance 

 No history of poor obstetric outcome 

b. Average risk patients (all patients who fall between low and high risk). They should be tested at 

24-28 weeks of gestation (see below for testing strategy). 
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c. High risk patients. They are defined as having any of the following and should undergo 

immediate testing: 

 Marked obesity 

 Personal history of GDM 

 Glycosuria 

 Strong family history of diabetes 

Reports based on the retrospective application of this strategy in the U.S. (189, 190)and Spain 

(191) indicate that few (<10%) pregnant women qualify as “low risk” in these populations. 

 

3. Analytical Considerations 

 

These have been addressed earlier in the glucose and OGTT sections.  

 

4. Interpretation 

 

Recommendation: GDM should be diagnosed by a 75 g OGTT using the IADPSG criteria derived 

from the HAPO study. 

 

A (moderate)  

 

The ADA recommends that average and high risk patients receive a glucose challenge test 

following one of two methods: 
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a. One-step: Perform either a 100 g or 75 g OGTT. This one-step approach may be cost-effective in 

high-risk patients or populations (e.g., some Native-American groups). 

 The 100 g OGTT is the most commonly used, standard test supported by outcome data. Two or 

more of the venous plasma glucose concentrations indicated in Table 7 must be met or 

exceeded for a positive diagnosis. 

 Alternatively, a 75 g OGTT can be performed, but it is not as well validated as the 100 g test. In 

the 75 g test, diagnostic criteria for plasma glucose values are the same as for the 100 g test, 

except that there is no 3 h measurement.  Two or more of the venous plasma glucose values 

must equal or exceed the cut-offs to diagnose GDM. 

b. Two-step:  The first step is a 50 g oral glucose load (the patient does not need to be  fasting), 

followed by a plasma glucose determination at 1-hr. A plasma glucose value >7.8 mmol/L (140 

mg/dL) indicates the need for definitive testing. A value of > 7.2 mmol/L (130 mg/dL) has been 

used as a cutoff value by some as it will detect approximately 10% more diabetic patients, but 

many more individuals will require definitive testing. The second and definitive test is one of the 

two OGTTs described above. 

 

5. Emerging Considerations 

 

a. Developments between 2002 and 2010 

The 5th International Workshop Conference on GDM was held in November 2005 and the 

Proceedings published in July 2007 (188). Strategies that had been recommended for screening and 

diagnosis by the 4th Conference were endorsed with minimal modifications. Considerable emphasis 
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was placed on postpartum evaluation and classification. The literature on postpartum testing with 

OGTT and/or FPG was reviewed and additional data were presented confirming the recommendations 

of the 4th GDM Conference (186) that performing FPG measurements alone to classify glucose 

tolerance status postpartum fails to identify a substantial proportion of women who have IGT or 

diabetes when tested by the OGTT. With the support of additional new data, the 5th Workshop 

conferees (188) strongly endorsed the use of a 75 g OGTT for early (2-3 months) and one postpartum 

evaluation after GDM in order to provide more informed counseling regarding future pregnancies, 

potential risks with use of hormonal contraception and future risk of progression to diabetes. The ADA 

now endorses the use of an OGTT for postpartum evaluation (21). 

 

b. Future expectations 

The screening and diagnostic criteria for GDM will almost certainly be modified extensively in 

the near future. The Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study was a large 

(~25,000 pregnant women) prospective multinational epidemiologic study to assess adverse outcomes 

as a function of maternal glycemia (192). The study revealed strong, graded, predominantly linear 

associations between maternal glycemia and primary study outcomes, namely frequency of birthweight 

>90 percentile, delivery by Cesarean section, clinical neonatal hypoglycemia and cord serum insulin 

[C-peptide] concentrations >90th percentile of values in HAPO study population. Associations remain 

strong with adjustments made for multiple, potentially confounding factors. Strong associations were 

also found with infant adiposity (193) and some secondary outcomes including risks of shoulder 

dystocia and/or birth injury and with preeclampsia (192). On the strength of these results, an expert 

Consensus Panel appointed by IADPSG has recently recommended “outcome based” criteria for the 

classification of glucose concentrations in pregnancy (194). These recommendations (Table 8) will be 
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adopted by the ADA in 2011 and are currently under consideration by the American College of 

Obstetrics and Gynecology in the US and by corresponding groups in other countries. If adopted, the 

incidence of GDM will be substantially higher than in the past (only one increased value is required to 

diagnose GDM) and the treatment will require additional resources. However, the two trials that 

focused on treatment of “mild GDM” achieved improvement in outcomes with only 10-20% of the 

patients requiring pharmacological treatment in addition to medical nutritional therapy (184, 185).  

 

 

URINARY GLUCOSE 

 

Recommendation:  Semi-quantitative urine glucose testing is not recommended for routine care of 

patients with diabetes mellitus.  

 

B (low) 

 

1. Use   

 

Semiquantitative urine glucose testing, once the hallmark of diabetes care in the home setting, 

has now been replaced by SMBG (see above). Semiquantitative urine glucose monitoring should be 

considered only for patients who are unable to or refuse to perform SMBG, since urine glucose 

concentration does not accurately reflect plasma glucose concentration (142, 195). Notwithstanding 

these limitations, urine glucose monitoring is supported by the IDF in those situations where  blood 

glucose monitoring is not accessible or affordable, particularly in resource poor settings (23). 
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2. Rationale 

 

Although urine glucose is detectable in patients with grossly increased blood glucose 

concentrations, it provides no information about blood glucose concentrations below the variable 

renal glucose threshold [∼ 10 mmol/L (180 mg/dL)]. This alone limits its usefulness for monitoring 

diabetes under modern care recommendations. Semiquantitative urine glucose tests also cannot 

distinguish between euglycemia and hypoglycemia. Furthermore, the concentration of the urine 

affects urine glucose concentrations and only average glucose values between voidings are reflected, 

further minimizing the value of urine glucose determinations.  

  

3. Analytical Considerations 

 

Semiquantitative test-strip methods utilizing specific reactions for glucose are recommended. 

Commercially available strips utilize the glucose oxidase reaction (196). Test methods that detect 

reducing substances are not recommended as they are subject to numerous interferences, including 

numerous drugs, and non-glucose sugars. When used, single voided urine samples are recommended 

(142). 

 

4. Interpretation 

 

Because of the limited use of urine glucose determinations, semiquantitative specific reaction-

based test strip methods are adequate.  
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KETONE TESTING 

 

1. Use 

 

Recommendation: Ketones should be measured in urine or blood by patients with diabetes in the home 

setting and in the clinic/hospital setting as an adjunct to the diagnosis of diabetic ketoacidosis. 

 

GPP  

 

The ketone bodies, acetoacetate (AcAc), acetone, and β-hydroxybutyric acid (βHBA), are 

catabolic products of free fatty acids. Determinations of ketones in urine and blood are widely used in 

the management of patients with diabetes mellitus as adjuncts for both diagnosis and ongoing 

monitoring of diabetic ketoacidosis (DKA). Measurements of ketone bodies are routinely performed 

both in an office/hospital setting and by patients at home. The ADA recommends that ketosis-prone 

patients with diabetes mellitus check urine or blood ketones in situations characterized by deterioration 

in glycemic control, in order to detect and pre-empt diabetic ketoacidosis (21, 197).  

 

2. Rationale 

 

Ketone bodies are normally present in urine and blood, but in very low concentrations (e.g., 

total serum ketones <0.5 mmol/L). Increased ketone concentrations in patients with known diabetes 

mellitus or in previously undiagnosed patients presenting with hyperglycemia suggest impending or 

established DKA, a medical emergency. The two major mechanisms for the high ketone 

concentrations in patients with diabetes are increased production from triglycerides and decreased 
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utilization in the liver, both a result of absolute or relative insulin deficiency and increased counter-

regulatory hormones including cortisol, epinephrine, glucagon, and growth hormone (198). 

The principal ketone bodies βHBA and AcAc are normally present in approximately equimolar 

amounts. Acetone, usually present in only small quantities, is derived from spontaneous 

decarboxylation of AcAc. The equilibrium between AcAc and βHBA is shifted towards formation of 

βHBA in any condition that alters the redox state of hepatic mitochondria to increase concentrations 

of NADH such as hypoxia, fasting, metabolic disorders (including DKA) and alcoholic ketoacidosis 

(199-201). Thus, assay methods for ketones that do not include measurement of βHBA may provide 

misleading clinical information by underestimating total ketone body concentration (202). 

 

3. Analytical Considerations 

 

A. Urine ketones 

 

  1. Pre-analytical: Normally, the concentrations of ketones in the urine are below the detection 

limits of commercially available testing materials. False-positive results have been reported with 

highly colored urine and in the presence of several sulfhydyl containing drugs, including angiotensin-

converting enzyme inhibitors (203). Urine test reagents deteriorate with exposure to air, giving false-

negative readings; testing material should be stored in tightly sealed containers and discarded after the 

expiration date on the manufacturer’s label (204). False-negative readings have also been reported with 

highly acidic urine specimens, such as after large intakes of ascorbic acid. Loss of ketones from urine 

attributable to microbial action can also cause false-negative readings. Since acetone is a highly 

volatile substance, specimens should be kept in a closed container. For point-of-care analyses in 

medical facilities and for patients in the home setting, control materials (giving both negative and 
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positive readings) are not commercially available but would be desirable to assure accuracy of test 

results. 

 

2. Analytical: Several assay principles have been described. Most commonly used is the 

colorimetric reaction that occurs between ketones and nitroprusside (sodium nitroferricyanide), 

resulting in a purple color (196). This method is widely available in the form of dipsticks and tablets 

and is used to measure ketones in both urine and blood (either serum or plasma). Several 

manufacturers offer dipsticks that measure glucose and ketones; a combination dipstick is necessary 

only if the patient monitors urine glucose instead of or in addition to blood glucose. The nitroprusside 

method measures only AcAc unless the reagent contains glycine, in which case acetone is also 

measured. The nitroprusside-containing reagent is much more sensitive to AcAc than acetone with 

respect to color generation. Importantly, this reagent does not measure βHBA (196).  

 

B. Blood ketones 

 

1. Preanalytical: Serum/plasma ketones can be measured using tablets or dipsticks routinely 

used for urine ketone determinations. Although specimens can be diluted with saline to “titer” the 

ketone concentration (results are typically reported as “positive at a 1/x dilution”), as with urine ketone 

testing, βHBA, the predominant ketone body in DKA, is not detected.  

For specific determinations of βHBA, as described below, specimen requirements differ among 

methods. In general, blood samples can be collected into heparin, EDTA, fluoride, citrate or oxalate. 

Ascorbic acid interferes with some assay methods. AcAc interferes with some assay methods unless 

specimens are highly dilute. Specimen stability differs among methods, but in general, whole blood 

specimens are stable at 4 °C for up to 24 h. Serum/plasma specimens are stable for up to one week at 4 
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°C and for at least several weeks at –20 °C (long-term stability data are not available for most assay 

methods). 

 

2. Analytical: Although several different assay methods (e.g., colorimetric, gas 

chromatography, capillary electrophoresis and enzymatic) have been described for blood ketones, 

including specific measurement of βHBA, enzymatic methods for quantification of βHBA appear to be 

the most widely used for routine clinical management (205-207). The principle of the enzymatic 

methods is that βHBA in the presence of NAD is converted to AcAc and NADH by β-hydroxybutyrate 

dehydrogenase. Under alkaline conditions (pH 8.5-9.5), the reaction favors formation of AcAc from 

βHBA. The NADH produced can be quantified spectrophotometrically (usually kinetically) with use of 

a peroxidase reagent. Most methods permit use of whole blood, plasma, or serum specimens (required 

volumes are generally 200 μL or less). Some methods permit analysis of multiple analytes and are 

designed for point-of-care testing. Several methods are available as hand-held meters, which are FDA-

approved for both laboratory use (e.g., BioScanner Ketone, PolymerTechnology Systems, Indianapolis, 

IN) or for home use by patients (MediSense Precision Xtra, Abbott Laboratories, Abbott Park, IL and 

Stanbio Laboratory, Boeme, TX). These methods utilize dry chemistry test strips to which a drop of 

whole blood, serum, or plasma is added. Results are displayed on the instruments within approximately 

2 min. 

 

4. Interpretation 

 

A. Urine ketone determinations 
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Recommendation: Urine ketone determinations should not be used to diagnose or monitor the course 

of DKA. 

 

GPP 

         

In a patient with known diabetes mellitus or in a patient not previously diagnosed with diabetes 

but who presents with typical symptoms of diabetes and hyperglycemia, the presence of positive urine 

ketone readings suggests the possibility of impending or established DKA. Although DKA is most 

commonly associated with type 1 diabetes mellitus, it may rarely occur in type 2 patients (208). 

Patients with alcoholic ketoacidosis will have positive urine ketone readings, but hyperglycemia is not 

usually present. Positive urine ketone readings are found in up to 30% of first morning urine specimens 

from pregnant women (with or without diabetes), during starvation, and after hypoglycemia (202).  

 

B. Blood ketone determinations 

 

Recommendation:  Blood ketone determinations that rely on the nitroprusside reaction should be used 

only as an adjunct to diagnose DKA and should not be used to monitor treatment of DKA. Specific 

measurement of βHBA in blood can be used for diagnosis and monitoring of DKA.  

 

B (moderate)   

 

Blood ketone determinations that rely on the nitroprusside reaction should be used with caution 

for diagnosis of DKA as results do not quantify βHBA, the predominant ketone in DKA. The test 

should not be used to monitor the course of therapy since AcAc and acetone may increase as βHBA 
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falls during successful therapy (142, 198-202). Blood ketone determinations that measure βHBA 

specifically are useful for both diagnosis and ongoing monitoring of DKA (209-211). Reference 

intervals for βHBA differ among assay methods, but concentrations in healthy individuals fasted 

overnight are generally <0.5 mmol/L. Patients with well-documented diabetic ketoacidosis [serum 

CO2 <17 mmol/L, arterial pH <7.3, plasma glucose >14.9 mmol/L (250 mg/dL)] generally have 

βHBA concentrations >2 mmol/L.  

 

5. Emerging considerations 

Further studies are needed to determine  

- whether blood ketone determinations by patients with diabetes mellitus are preferable (e.g., 

better accepted by patients than urine testing, more prompt diagnosis of DKA) to urine 

ketone determinations; 

- if the test offers any clinical advantage over more traditional management approaches (e.g., 

measurements of serum CO2, anion gap, or pH).  

 

 

HEMOGLOBIN A1c  

 

1. Use 

 

Recommendation:  Hemoglobin A1c (HbA1c) should be measured routinely in all patients with diabetes 

mellitus to document their degree of glycemic control.  

 

A (moderate) 



DRAFT

DRAFT November 2010 Version 
 

 

Measurement of glycated proteins, primarily HbA1c, is widely used for routine monitoring of 

long-term glycemic status in patients with diabetes mellitus.1 HbA1c is used both as an index of mean 

glycemia and as a measure of risk for the development of diabetes complications (142, 212). HbA1c 

testing and maintenance of specified concentrations during pregnancy in patients with pre-existing type 

1 or type 2 diabetes are important for maximizing the health of the newborn and decreasing perinatal 

risks for the mother. Specifically, stringent control of HbA1c values during pregnancy decreases 

congenital malformations, large-for-date infants, and the complications of pregnancy and delivery that 

can otherwise occur when glycemic control is not carefully managed (213). A recent consensus 

statement (213) recommends an HbA1c <6% in these patients, if it can be achieved without excessive 

hypoglycemia. HbA1c is also being used increasingly by quality assurance programs to assess the 

quality of diabetes care (e.g., requiring that health-care providers document the frequency of HbA1c 

testing in patients with diabetes and the proportion of patients with HbA1c values below a specified 

value) (214, 215). 

                                                 
1 The terms glycated hemoglobin, glycohemoglobin, “glycosylated” (which should not be used) 

hemoglobin, HbA1 and HbA1c have all been used to refer to hemoglobin that has been modified by the 

nonenzymatic addition of glucose residues. However, these terms are not interchangeable. Glycated 

hemoglobins comprise HbA1 and other hemoglobin-glucose adducts, while HbA1 is made up of 

HbA1a, HbA1b and HbA1c. HbA1c is the major component of HbA1, accounting for ~80% of HbA1. In 

order to eliminate this confusing nomenclature, the term “A1c test” has been suggested to facilitate 

communication. As described in the text, most of the clinical outcome data that are available for the 

effects of metabolic control on complications (at least for the DCCT and UKPDS) used assay methods 

that quantified HbA1c. In this paper, we use the abbreviation GHb to include all forms of glycated 

hemoglobin. 
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The ADA and other organizations that have addressed this issue recommend measurement of 

HbA1c in patients with both type 1 and type 2 diabetes, to document the degree of glycemic control and 

assess response to therapy (21, 216). The ADA has recommended specific treatment goals for HbA1c 

based on the results of prospective randomized clinical trials, most notably the DCCT in type 1 

diabetes (43, 212) and the UKPDS in type 2 diabetes (45). These trials have documented the 

relationship between glycemic control, as quantified by longitudinal determinations of HbA1c, and 

risks for the development and progression of chronic complications of diabetes.  Since different GHb 

assays can give different GHb values, the ADA recommends that laboratories use only assay methods 

that are certified as traceable to the DCCT GHb reference (21, 202); these results are reported as 

HbA1c. The ADA recommends that in general a HbA1c target less than 7% is desirable for nonpregnant 

adults, with higher values recommended for children and adolescents (21). HbA1c goals should be 

individualized based on the potential for benefit with regard to long-term complications balanced 

against the increased risk for hypoglycemia that attends intensive therapy. For specific patients, HbA1c 

concentrations as close to the non-diabetic range (<6.1%) as safely possible can be pursued. In older 

patients with limited lifespans. the risk of hypoglycemia may outweigh any possible benefits and 

higher HbA1c goals should be chosen. Other clinical organizations recommend similar HbA1c targets, 

ranging from 6.5% to 7% (52). 

 

2. Rationale 

 

Glycated proteins are formed post-translationally from the slow, non-enzymatic reaction 

between glucose and free amino groups on proteins (217). For hemoglobin, the rate of synthesis of 

GHb is principally a function of the concentration of glucose to which the erythrocytes are exposed 

integrated over the time of exposure. GHb is a clinically useful index of mean glycemia during the 
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preceding 120 days, the average lifespan of erythrocytes (142, 217-220). Several studies have 

demonstrated  a close mathematical relationship between the HbA1c concentration and mean glycemia 

that should allow expression of HbA1c as an estimated average glucose concentration (219, 221-223). 

Concentrations of other blood-based glycated proteins (e.g., glycated serum/plasma proteins, 

“fructosamine”) also reflect mean glycemia, but over a much shorter time (15-30 days) than GHb (60-

120 days)  (142, 217-220, 224, 225). However, clinical utility of glycated proteins other than 

hemoglobin has not been clearly established and there is no convincing evidence that relates their 

concentration to the chronic complications of diabetes (142, 202).  

 

3. Analytical Considerations 

 
Recommendation:  Laboratories should use only HbA1c assay methods that are certified by the 

National Glycohemoglobin Standardization Program (NGSP) as traceable to the DCCT reference. The 

manufacturers of assays for HbA1c should also show traceability to the IFCC reference method. 

 

GPP 

 

 

Recommendation: Laboratories that measure HbA1c should participate in a proficiency-testing 

program, such as the CAP Glycohemoglobin Survey, that uses fresh blood samples with targets set by 

the NGSP Laboratory Network.  

 

GPP 
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There are ~100  different GHb assay methods in current use. These range from low throughput 

research laboratory component systems and manual minicolumn methods to high throughput 

automated systems dedicated to HbA1c determinations. Most methods can be classified into one of two 

groups based on assay principle (142, 196, 218). The first group includes methods that quantify GHb 

based on charge differences between glycated and nonglycated components. Examples include cation-

exchange chromatography and agar gel electrophoresis. The second group includes methods that 

separate components based on structural differences between glycated and nonglycated components. 

Examples include boronate affinity chromatography and immunoassay. Most charge-based and 

immunoassay methods quantify HbA1c, defined as hemoglobin A with glucose attached to the NH2-

terminus valine of one or both beta chains. Other methods quantify “total glycated hemoglobin,” which 

includes both hemoglobin A1c and other hemoglobin-glucose adducts (e.g., glucose-lysine adducts and 

glucose-alpha chain NH2-terminus valine adducts). Generally, results of methods using different assay 

principles show excellent correlation, and there are no convincing data to show that any one method or 

analyte is clinically superior to any other. However, the reported GHb results from the same blood 

sample could differ considerably among methods unless they are standardized to a common reference 

(e.g., without standardization, the same blood sample could be read as 7% in one laboratory and 9% in 

another) (52, 142, 218, 226-229).  

In 1996, the National Glycohemoglobin Standardization Program (NGSP) was initiated to 

standardize GHb test results among laboratories to DCCT-equivalent values (229). The rationale for 

standardizing GHb test results to DCCT values was that the DCCT had determined the relationship 

between the results of a specific GHb test (HbA1c) and long-term complications  in patients with type 1 

diabetes (43, 142, 202). The NGSP was developed under the auspices of the AACC and is endorsed by 

the ADA, which recommends that laboratories use only GHb methods that have passed certification 

testing by the NGSP (21, 142). In addition, the ADA recommends that all laboratories performing GHb 
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testing participate in the CAP proficiency testing survey for HbA1c which uses fresh whole-blood 

specimens (230).  

The NGSP laboratory network includes a variety of certified assay methods, each calibrated to 

the DCCT reference. The DCCT reference is a high-performance liquid chromatographic cation-

exchange method that quantifies HbA1c and is a CLSI designated comparison method (231). The assay 

method has been used since 1978 and has demonstrated good long-term precision (between-run CVs 

consistently <3%) (230). Secondary Reference Laboratories in the network interact with manufacturers 

of GHb methods to assist them, first in calibrating their methods, and then in providing comparison 

data for certification of traceability to the DCCT.  Certification is valid for one year. An important 

adjunct to the program is the GHb proficiency testing survey administered by CAP. Since 1996 

(starting with a pilot project including 500 laboratories and expanded to all laboratories in 1998), the 

survey has utilized fresh whole blood samples with NGSP-assigned target values. Since initiation of 

the NGSP in 1996, the survey has documented a steady improvement in comparability of GHb values 

among laboratories, both within-method and between-method (232). In 2007, CAP initiated “accuracy-

based” grading with the value of each sample assigned by the NGSP Network. The objective is to 

reduce bias and imprecision among assays. The NGSP website provides detailed information on the 

certification process and maintains a listing of certified assay methods (updated monthly) and factors 

that are know to interfere with specific methods (NGSP website: http://www.ngsp.org).  

In 1997 the IFCC formed a committee to develop a reference method for HbA1c analysis based 

on peptide mapping and the method was accepted in 2001 (233, 234). Analysis is performed by 

cleaving hemoglobin with endoproteinase Glu-C and separating the resulting glycated and non-

glycated N-terminal hexapeptides by HPLC. Quantification of the hexapeptides is performed with 

electrospray ionization mass spectrometry or capillary electrophoresis. HbA1c is measured as the ratio 

of glycated to non-glycated N-terminal peptide and is reported as mmol deoxy fructosyl hemoglobin 
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per mol hemoglobin. Of note, the preparation and measurement of samples using this method is 

laborious, very expensive and time-consuming and was never envisoned as a practical means of 

assaying clinical samples. It will only be used by manufacturers to standardize the assays. Like the 

NGSP, the IFCC has a network of laboratories (235). Comparison of pooled blood samples between 

the IFCC and the NGSP (DCCT-aligned) networks has revealed a linear relationship: 

(NGSP HbA1c = 0.915 (IFCC-HbA1c) + 2.15%, r2 = 0.998) (234).  

Although the clinical values using assays standardized with the new IFCC method correlate 

tightly with NGSP values, the absolute values of HbA1c reported differ by 1.5-2.0% HbA1c. Concern 

regarding the clinical impact of reporting HbA1c results in new units (mmol/mol) and the differences in 

HbA1c reported led to an agreement among IFCC and the major diabetes organizations to report HbA1c 

results as the IFCC result, as the equivalent NGSP DCCT-aligned result (percent based on the master 

regression equation shown above), and as a calculated estimate of average glucose (eAG), based on the 

A1c-Derived Average Glucose (ADAG) study (223, 236). Notwithstanding the agreement, it appears 

unlikely that universal reporting of HbA1c will be adopted. 

 

A. Preanalytical  

 

a. Patient variables 

 

Recommendation: Laboratories should be aware of potential interferences, including 

hemoglobinopathies, that may affect HbA1c test results depending on the method used. In selecting 

assay methods, laboratories should consider the potential for interferences in their particular patient 

population. In addition, disorders that affect erythrocyte turnover may cause spurious results regardless 

of the method used. 
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GPP 

 

HbA1c results are not significantly affected by acute fluctuations in blood glucose 

concentrations, such as those that occur with illness or after meals. The effects of age on HbA1c are 

controversial (237-239). Some studies show age-related increases in HbA1c, approximately 0.1% per 

decade after age 30 years. Other reports show little or no increase. Differences in results among the 

studies may be due to differences in the selection of study subjects; when studies are restricted to 

participants with normal glucose tolerance (i.e., normal fasting and postprandial plasma glucose 

concentrations), little or no age-related increase in HbA1c has been found. However, a recent study 

with careful phenotyping of subjects with OGTT supports an increase in HbA1c with age, even after 

removing patients with otherwise undiagnosed diabetes, and persons with impaired glucose tolerance 

from the study population (240, 241). The clinical implications of the small, but statistically 

significant, progressive increase of “normal” HbA1c levels with aging remains to be determined (242). 

The effects of race on HbA1c values are similarly controversial. Several studies have suggested a 

relatively higher HbA1c in African-American and Hispanic populations than in Caucasian populations 

at the same level of glycemia (243). However, the measurement of chronic glucose levels in these 

studies has not been frequent enough to capture adequately the actual mean glycemia. The ADAG 

study, which included frequent measures of glucose, did not show a significantly different relationship 

between calculated mean glucose during three months and HbA1c at the end of the three months 

between Africans/African-Americans and Caucasians; however, the size of the African/African-

American population was relatively small, limiting the interpretation of this finding (223).  

Any condition that shortens erythrocyte survival or decreases mean erythrocyte age (e.g., 

recovery from acute blood loss, hemolytic anemia) falsely lowers HbA1c test results regardless of the 
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assay method (142). Vitamins C and E are reported to falsely lower test results, possibly by inhibiting 

glycation of hemoglobin (244, 245), but vitamin C may increase values with some assays (244). Iron-

deficiency anemia is reported to increase test results (246). There is no significant effect of food intake 

on test results. Hypertriglyceridemia, hyperbilirubinemia, uremia, chronic alcoholism, chronic 

ingestion of salicylates, and opiate addiction are reported to interfere with some assay methods, falsely 

increasing results (218, 247)  

Several hemoglobinopathies (e.g., hemoglobins S, C, D, and E ) and chemically modified 

derivatives of hemoglobin interfere with some assay methods (independent of any effects due to 

shortened erythrocyte survival) (248-250); for a review, see (247). Depending on the particular 

hemoglobinopathy and assay method, results can be either falsely increased or decreased. Some 

methods may give a value in the reference range for a nondiabetic patient with a hemoglobin variant, 

but this is not an assurance that no interference is present; the interference may be subtle in the 

reference range, but may increase steadily with increasing HbA1c. Boronate affinity chromatographic 

assay methods and immunoassays are generally considered to be less affected by hemoglobinopathies 

than methods that separate glycated and nonglycated components based on charge differences. In some 

instances, such as with most cation-exchange high performance liquid chromatographic methods, 

manual inspection of chromatograms, or an automated report by the device, can alert the laboratory to 

the presence of either a variant or a possible interference. If altered erythrocyte turnover interferes with 

the relationship between mean blood glucose values and HbA1c, or if a suitable assay method is not 

available for interfering hemoglobinopathies, alternative non-hemoglobin-based methods for assessing 

long-term glycemic control may be useful (247).  

Since interferences are method specific, product instructions from the manufacturer should be 

reviewed before use of the HbA1c assay method. A list of interfering factors for specific assays is 

maintained on the NGSP website (www.ngsp.org). In selecting an assay method, the laboratory should 
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take into consideration characteristics of the patient population served, e.g., high prevalence of 

hemoglobinopathies. 

  

b. Sample collection, handling, and storage 

 

Blood can be obtained by venipuncture or by fingerprick capillary sampling (251, 252). Blood 

tubes should contain anticoagulant as specified by the manufacturer of the HbA1c assay method (EDTA 

can be used unless otherwise specified by the manufacturer). Sample stability is assay method specific 

(253, 254). In general, whole blood samples are stable for up to 1 week at 4 °C (254). For most 

methods, whole blood samples stored at –70 °C or colder are stable long-term (at least one year), but 

specimens are not as stable at –20  °C. Improper handling of specimens, such as storage at high 

temperatures, can introduce large artifacts that may not be detectable, depending on the assay method. 

A number of convenient blood collection systems have been introduced, including filter paper 

and small vials containing stabilizing/lysing reagent (255-257)  These systems are designed for field 

collection of specimens with routine mailing to the laboratory and are generally matched to specific 

assay methods. They should be used only if studies have been performed to establish comparability of 

test results using these collection systems with standard sample collection and handling methods for 

the specific assay method employed.  

 

B. Analytical  

a. Performance goals and quality control 
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Recommendation:  Desirable specifications for HbA1c measurement are intra-laboratory CV <2% and 

inter-laboratory CV <3.5%. At least two control materials with different mean values should be 

analyzed as an independent measure of assay performance.  

 

B (low) 

 

Several expert groups have presented recommendations for assay performance. Early reports 

recommended that interassay CV be < 5% at normal and diabetic GHb concentrations (258). More 

recent reports suggest lower CVs (e.g., intralaboratory <3% (259) or <2% (260) and interlaboratory 

<5% (259)). Intraindividual CVs in healthy persons are very small (<2%) and many current assay 

methods can achieve intralaboratory CVs <2% and interlaboratory CVs <3% (261). We recommend 

intra-laboratory CV <2% and interlaboratory CV <3.5%. For a single method, the goal should be 

interlaboratory CV <3%. 

The laboratory should include two control materials with different mean values (high and low) 

at the beginning and end of each day’s run. Frozen whole blood controls stored at –70  °C or colder in 

single use aliquots are ideal and are stable for months or even years depending on the assay method. 

Lyophilized controls are commercially available, but depending on the assay method, may show 

matrix effects when new reagents or columns are introduced. It is recommended that the laboratory 

consider using both commercial and in-house controls to optimize performance monitoring.  

 

Reference intervals:  The laboratory should determine its own reference interval according to CLSI 

guidelines (CLSI Document C28A) even if the manufacturer has provided one. Non-diabetic test 

subjects should be nonobese and have FPG <5.6 mmol/L (100 mg/dL) and, ideally, a 2 hour post-oral 

glucose tolerance test PG <11.1 mmol/L. For NGSP-certified assay methods, the SD for the reference 
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interval is generally 0.5% GHb or less, resulting in a 95% CI of 2 % HbA1c or lower (e.g., mean 

hemoglobin A1c +/- 2 SD = 5.0 +/- 1.0%). For assay methods that are NGSP-certified, reference 

intervals should not deviate significantly (e.g. > 0.5%) from the 4-6 % range. Note that ADA treatment 

target values derived from the DCCT and UKPDS (22), not the reference intervals, are used to evaluate 

metabolic control in patients. 

 

b. Out-of-range specimens 

 

Recommendation:  Laboratories should verify by repeat testing specimens with HbA1c results below 

the lower limit of the reference interval or greater than 15% HbA1c.  

 

B (low) 

 

           The laboratory should repeat testing for all sample results below the lower limit of the reference 

interval and, if confirmed, the physician should be informed to see if the patient has a variant 

hemoglobin or evidence of red cell destruction. In addition, sample results greater than 15% HbA1c 

should be repeated and, if confirmed, the possibility of a hemoglobin variant should be considered 

(247). Any result that does not correlate with the clinical impression should also be investigated.  

 

c. Removal of labile GHb 

 

Formation of GHb includes an intermediate Schiff base which is called “pre-A1c” or labile A1c 

(262). This material is formed rapidly with hyperglycemia and interferes with some HbA1c assay 
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methods, primarily those that are charge-based. Most currently available automated assays remove the 

labile pre- HbA1c during the assay process or they do not measure the labile product.  

 

4. Interpretation 

 

A.  Laboratory-physician interactions 

 

The laboratory should work closely with physicians who order HbA1c testing. Proper 

interpretation of test results requires an understanding of the assay method, including its known 

interferences. For example, if the assay method is affected by hemoglobinopathies (independent of any 

shortened erythrocyte survival) or uremia, the physician should be made aware of this. 

An important advantage of using an NGSP-certified assay method is that the laboratory can 

provide specific information relating HbA1c test results to both mean glycemia and outcome risks as 

defined in the DCCT and UKPDS (43, 142, 202). This information is available on the NGSP website. 

For example, each 1% change in HbA1c is related to a change in mean plasma glucose of 

approximately 1.6 mmol/L (29 mg/dL). Reporting HbA1c results with a calculated estimated average 

glucose (eAG) will eliminate the need for health care providers or patients to perform these 

calculations themselves. The equation generated by the ADAG study is the most reliable one to date 

(223). 

There is some evidence to suggest that immediate feedback to patients at the time of the clinic 

visit with HbA1c test results improves their long-term glycemic control (263, 264). However, not all 

publications support this observation (265) and additional studies are needed to confirm these findings 

before this strategy can be generally recommended. It is possible to achieve the goal of having HbA1c 
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test results available at the time of the clinic visit by either having the patient send in a blood sample 

shortly before the scheduled clinic visit or by having a rapid assay system convenient to the clinic.   

 

B.  Clinical application 

 

Recommendation:  Treatment goals should be based on ADA recommendations which include 

generally maintaining HbA1c concentrations <7% and in individual patients as close to the non-diabetic 

range as safely possible. Somewhat higher ranges are recommended for children and adolescents and 

should be considered in patients with projected limited lifespans, owing to advanced age or co-morbid 

illnesses. (Note that these values are applicable only if the assay method is certified by the NGSP as 

traceable to the DCCT reference.)  

 

A (high) 

 

Treatment goals: HbA1c measurements are now a routine component of the clinical 

management of patients with diabetes mellitus. Based principally on the results of the DCCT, the ADA 

has recommended that a primary goal of therapy is a HbA1c value < 7% (21). Targets less than 7% may 

be considered for individual patients, for example in diet-treated type 2 diabetes. Similar targets are 

recommended by other major clinical organizations (52). However, recent studies using multiple 

medications to treat type 2 diabetes and aiming for HbA1c concentrations <6.5% have not demonstrated 

consistent benefits, and no benefit with regard to macrovascular disease compared with interventions 

that achieved HbA1c values 0.8 to 1.1% higher (49-51). The ACCORD study demonstrated increased 

mortality with very intensive diabetes therapy (HbA1c 6.4% vs 7.5%). These HbA1c values apply only 

to assay methods that are certified as traceable to the DCCT reference, with reference interval 
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approximately 4-6% HbA1c. In the DCCT, each 10% reduction in HbA1c (e.g., 12 vs. 10.8% or 8 vs. 

7.2%) was associated with approximately 45% lower risk for the progression of diabetic retinopathy 

(41). Comparable risk reductions were found in the UKPDS (212). It should also be noted that in the 

DCCT and UKPDS decreased HbA1c was associated with increased risk for severe hypoglycemia.  

 

Recommendation:  HbA1c testing should be performed at least biannually in all patients and quarterly 

for patients whose therapy has changed or are not meeting treatment goals. 

 

GPP 

 

Testing frequency: There is no consensus on the optimal frequency of HbA1c testing. The ADA 

recommends (21): “For any individual patient, the frequency of HbA1c testing should be dependent on 

the clinical situation, the treatment regimen used and the judgment of the clinician.”  In the absence of 

well-controlled studies that suggest a definite testing protocol, expert opinion recommends HbA1c 

testing “at least two times a year in patients who are meeting treatment goals (and who have stable 

glycemic control) and quarterly in patients whose therapy has changed or who are not meeting 

glycemic goal” (21). These testing recommendations are for non-pregnant patients with either type 1 or 

type 2 diabetes. Diabetes quality assurance programs (e.g., ADA Provider Recognition Program and 

HEDIS 2000 (214, 215)) have generally required documentation of the percentage of patients with 

diabetes who have had at least one HbA1c determination during the preceding year. Studies have 

established that serial (quarterly for one year) measurements of HbA1c result in large improvements in 

HbA1c values in patients with type 1 diabetes (266). 
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Interpretation:  HbA1c values in patients with diabetes are a continuum; they range from within the 

reference interval in a small percentage of patients whose mean plasma glucose concentrations are 

close to those of non-diabetic individuals, to markedly increased values, e.g., two- to threefold 

increases in some patients, reflecting an extreme degree of hyperglycemia.   Proper interpretation of 

HbA1c test results requires that physicians understand the relationship between HbA1c values and mean 

plasma glucose, the kinetics of HbA1c, and specific assay limitations/interferences (142). Small 

changes in HbA1c (e.g., +/- 0.3% HbA1c) over time may reflect assay variability rather than a true 

change in glycemic status (232). 

 

5. Emerging Considerations 

 

A. Use of HbA1c for diabetes screening/diagnosis 

 

Recommendation: The HbA1c assay may be used for the diagnosis of diabetes, with values > 6.5% 

being diagnostic. Similar to its use in the management of diabetes, factors that interfere with or 

adversely affect the HbA1c assay will preclude its use in diagnosis. When a HbA1c assay is not 

available, or cannot be interpreted in a patient, glucose-based testing should be used for diagnosis.   

      

A (moderate) 

 

         The role of HbA1c in the diagnosis of diabetes has been considered for several years (19, 24, 36, 

186). In the past, the lack of standardization has been a major barrier. With improved standardization 

through the NGSP, and new data demonstrating the association between HbA1c concentrations and risk 

for retinopathy, an International Expert Committee recommended the use of HbA1c in the diagnosis of 
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diabetes (20). In making its recommendation, the Committee also considered several technical 

advantages of HbA1c testing compared with glucose testing, such as its pre-analytic stability and 

decreased biological variability. Finally, the clinical convenience of the HbA1c assay, which requires no 

patient preparation or timing, compared with glucose-based diagnosis convinced the Committee to 

recommend HbA1c testing for diagnosis. A value of 6.5% or greater was considered diagnostic based 

on the observed relationship with retinopathy in more than 28,000 persons. When a HbA1c assay is not 

available, or cannot be interpreted in a patient owing, for example, to a chronic hemolytic anemia, 

glucose-based testing should be used for diagnosis. For diagnosis, the International Expert Committee 

recommended that a positive test (> 6.5%) be confirmed with a repeat assay. The frequency of testing 

for diagnosis has not been established, but guidelines similar to those for glucose-based testing seem 

appropriate. The ADA has endorsed the use of HbA1c for the diagnosis of diabetes (Table 4) (21), as 

has the Endocrine Society (267).  The ADA and other national and international organizations are 

considering the implications and other practical considerations of the recommendations of the 

International Expert Committee, especially as they affect screening and diagnosis programs.  

 

B. Use of other glycated proteins including advanced glycation end-products for routine 

management of diabetes mellitus. 

 

        Further studies are needed to determine if other glycated proteins such as fructosamine are 

clinically useful for routine monitoring of patients’ glycemic status. Further studies are also needed to 

determine if measurements of advanced glycation end-products (AGEs) are clinically useful as 

predictors of risk for chronic diabetes complications (268). Only one study in a subset of DCCT 

patients evaluated AGEs measured in dermal collagen obtained with skin biopsies. Interestingly, the 

concentration of AGEs in dermal collagen correlated more strongly with the presence of complications 
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than the mean HbA1c values (269). The clinical role of such measurements remains undefined. 

Similarly, the role of noninvasive methods using light to measure glycation transdermally (Glucoscout 

and others) is undefined. 

 

C. Global harmonization of HbA1c testing and uniform reporting of results.  

 

As noted above, the NGSP has largely succeeded in standardizing the GHb assay across 

methods and laboratories. Furthermore, the IFCC standardization, providing a more stable and 

chemically discrete standard, is being implemented worldwide. Implementation of the reporting 

recommendations (270) needs to be carried out with education of health care providers and patients. 

Some believe that reporting eAG should compliment the current reporting in NGSP-DCCT aligned 

units (%) and the new IFCC results (mmol/mol), since the eAG results will be in the same units 

(mmol/L or mg/dL) as patients’ self-monitoring; however, educational campaigns will be necessary to 

ensure clear understanding of this assay that is central to diabetes management.  

 

 

GENETIC MARKERS  

 

1. Use 

 

A. Diagnosis/Screening 

 

a.  Type 1 diabetes 
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Recommendation:  Routine measurement of genetic markers is not of value at this time for the 

diagnosis or management of patients with type 1 diabetes.  For selected diabetic syndromes, including 

neonatal diabetes, valuable information can be obtained with definition of diabetes-associated 

mutations.  

 

A (moderate) 

 

Genetic markers are currently of limited clinical value in the evaluation and management of patients 

with diabetes. However, mutational analysis is rapidly emerging for classification of diabetes in the 

neonate (271-273) as well as in young patients with a dominant family history of diabetes often refered 

to a Maturity Onset Diabetes of the Young (MODY) (274).  Type 1 or autoimmune diabetes is strongly 

associated with the HLA DR and DQ genes.  HLA-DQ A1 and B1 genotyping can be useful to indicate 

absolute risk of diabetes (see Table 9). The HLA-DQ A1*0301-B1*0302 or A1*0501-B1*0201 

haplotypes, alone or in combination, may account for up to 90% of children and young adults with 

type 1 diabetes (275). These two haplotypes may be present in 30-40% of a Caucasian population and 

HLA is therefore necessary but not sufficient for disease. The HLA DQ and DR genetic factors are by 

far the most important determinants for type 1 diabetes risk (276).  HLA typing may be used in 

combination with islet autoantibody analyses to exclude type 1 diabetes to assist in the diagnosis of 

genetic forms of diabetes. 

As indicated below, HLA-DR/DQ typing can be useful to indicate modified risk of type 1 

diabetes in persons with positive islet cell autoantibodies, since protective alleles do not prevent the 

appearance of islet cell autoantibodies (most often as single autoantibodies), but may delay the onset of 

clinical diabetes.  Typing of the class II major histocompatibility antigens or HLA DRB1, DQA1 and 

DQB1 is not diagnostic for type 1 diabetes.  However, some haplotypes form susceptibility, while 
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others provide significant delay or even protection.  Thus, HLA-DR/DQ typing can be used only to 

increase or decrease the probability of type 1 diabetes presentation and cannot be recommended for 

routine clinical diagnosis or classification (277). 

The precision in the genetic characterization of type 1 diabetes may be extended by typing for 

polymorphisms in several genetic factors identified in genome wide association studies (278). Non-

HLA genetic factors include the genes for insulin (INS), PTPN22,  CTLA-4 and several others (276, 

278).  These additional genetic factors may assist in assigning a probability of the diagnosis of type 1 

diabetes of uncertain etiology (279).  

It is possible to screen newborn children to identify those at increased risk for developing type 

1 diabetes (280-282). This strategy cannot be recommended until there is a proven intervention 

available to delay or prevent the disease (283). There is some evidence that early diagnosis may 

prevent hospitalization with ketoacidosis and preserve residual beta cells (284).  The rationale for the 

approach is thus placed below under emerging considerations.  

 

b.  Type 2 diabetes and MODY 

 

Recommendation: There is no role for routine genetic testing in patients with type 2 diabetes.  These 

studies should be confined to the research setting and evaluation of specific syndromes. 

 

A (moderate) 

 

Type 2 diabetes:  Fewer than 5% of patients with type 2 diabetes have been resolved on a 

molecular genetic basis and, not surprisingly, most of these have an autosomal dominant form of the 

disease or very high degrees of insulin resistance. Type 2 diabetes is a heterogenous polygenic disease 
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with both resistance to the action of insulin and defective insulin secretion (3, 4).  Multiple genetic 

factors interact with exogenous influences (e.g., environmental factors such as obesity) to produce the 

phenotype.  Identification of the affected genes is therefore highly complex.  Recent genome wide 

association studies have identified more than 30 genetic factors, which increase the risk for type 2 

diabetes  (285, 286).  However, the risk alleles in these loci all have relatively small effects (odds 

ratios 1.1 to 1.3) and do not significantly enhance our ability to predict risk of type 2 diabetes (287).   

 

MODY:  Mutation detection for MODY patients and their relatives is technically feasible. The 

reduced cost of sequencing and emerging new technologies make it possible to identify mutations and 

properly classify MODY patients based on specific mutations. As direct automated sequencing of 

genes becomes standard, it is likely that detection of specific diabetes mutations will become routine.   

 

B. Monitoring/Prognosis 

 

Although genetic screening may provide information about prognosis and could be useful for 

genetic counseling, genotype may not correlate with the phenotype. In addition to environmental 

factors, interactions among multiple quantitative trait loci expressions may be involved. Genetic 

identification of a defined MODY will have value for anticipating the prognosis. Infants with neonatal 

diabetes due to a mutation in the KCNj11 (KIR6.2) gene may be treated with sulphonylurea rather than 

with insulin (271, 272). 

 

2. Rationale 
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The HLA system, which has a fundamental role in the adaptive immune response, exhibits 

considerable genetic complexity.  The HLA complex on chromosome 6 contains class I and II genes 

that code for several polypeptide chains (288).  The major (classic) class I genes are HLA-A, B and C.  

The loci of class II genes are designated by three letters:  the first (D) indicates the class, the second 

(M, O, P, Q or R) the family and the third (A or B) the chain.  Both classes of molecules are 

heterodimers; class I consists of an α chain and β2-microglobulin, while class II has α and β chains.  

The function of the HLA molecules is to present short peptides, derived from pathogens or 

autoantigens, to T cells to initiate the adaptive immune response (288).  Genetic studies have revealed 

an association between certain HLA alleles and autoimmune diseases.  These diseases include, but are 

not confined to, ankylosing spondylitis, celiac disease, Addison’s disease and type 1 diabetes (288).  

Not only the disease but also autoantibodies, which are markers of the disease pathogenesis,  are often 

associated with HLA DRB1, DQA1 and DQB1, indicating that self-peptides may also be presented to 

T cells  (275).  

Genetic testing for syndromic forms of diabetes is the same as that for the underlying syndrome 

itself (1). Such diabetes may be secondary to the obesity associated with Prader-Willi syndrome, which 

maps to chromosome 15 q, or to the absence of adipose tissue inherent to recessive Seip-Berardinelli 

syndrome of generalized lipodystrophy mapping to chromosome 9q34 (1, 289). There are over 60 

distinct genetic disorders associated with glucose intolerance or frank diabetes. Many forms of type 2 

diabetes (which are usually strongly familial) will probably be understood in defined genetic terms.  

The complexity of genetic factors which contribute to type 2 diabetes risk is substantial (285, 286).   

Several genetic factors for MODY have been identified, and there are large numbers of individual 

mutants. Persons at risk within MODY pedigrees can be identified through genetic means.  Depending 

on the specific MODY mutation, the disease can be mild (e.g., glucokinase mutation) and not usually 
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associated with long term complications of diabetes or as severe as typical type 1 diabetes [e.g., 

hepatocyte nuclear factor (HNF) mutations] (290).    

Five different MODYs have been identified.  MODY-1, 3, 4, and 5 all result from mutations in 

the genes encoding transcription factors that regulate the expression of genes in pancreatic β cells. 

These genes are hepatocyte nuclear factor-4α (HNF-4α) in MODY-1, HNF-1α in MODY-3, HNF-1β 

in MODY-5, and insulin promoter factor-1 (IPF-1) in MODY-4. It has been shown that homozygous 

mutations of the IPF-1 gene leads to pancreatic agenesis and that heterozygous mutations of IPF-1 

genes results in MODY-4 (289). The modes of action of the HNF lesions in MODY is still not clear. It 

is likely that mutation in HNF-1α, 1β, and 4α cause diabetes because they impair insulin secretion. 

MODY-2 is caused by mutations in the glucokinase gene. The product of the gene is an essential 

enzyme in the glucose-sensing mechanism of the β cells, and mutations in this gene lead to partial 

deficiencies of insulin secretion.  

 

3. Analytical Considerations 

 

A detailed review of analytical issues will not be attempted here, since genetic testing for 

diabetes outside of a research setting is currently not recommended for clinical care. Serological HLA 

typing should be replaced by molecular methods, since antibodies with a mixture of specificities and 

cross reactivities have been estimated to give inaccurate results in approximately 15% of typings.  

 

A. Preanalytical  

 

Detection of mutations is performed using genomic DNA extracted from peripheral blood 

leukocytes. Blood samples should be drawn into test tubes containing EDTA and the DNA 
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preparations should be harvested within 3 days; longer periods both lower the yield and degrade the 

quality of the DNA obtained. Genomic DNA can be isolated from fresh or frozen whole blood by lysis, 

digestion with proteinase K, extraction with phenol, and then dialysis. The average yield is 100 to 200 

μg DNA from 10 ml of whole blood. DNA samples are best kept at –80 °C in Tris-EDTA solution, 

where the integrity of the sample lasts virtually indefinitely. 

 

B. Analytical 

 

Methods for the detection of mutations differ for different types of mutation. The MODYs have 

substitution, deletion or insertion of nucleotides in the coding region of the genes. These are detected 

by PCR.  The detailed protocols for the detection of specific mutations are beyond the scope of this 

review.   

 

4. Interpretation 

 

To screen for the propensity for type 1 diabetes in general populations, HLA-D genes are the 

most important, contributing as much as 50% of familial susceptibility (291).  HLA-DQ genes appear 

to be central to the HLA associated risk of type 1 diabetes, albeit DR genes may be independently 

involved (for reviews, see (292, 293). The heterodimeric proteins that are expressed on antigen 

presenting cells, B lymphocytes, platelets and activated T cells, but not other somatic cells, are 

composed of cis and trans complementated  α and β  chain heterodimers. Thus, in any individual four 

possible DQ dimers are encoded. Persons at the highest genetic risk for type 1 diabetes are those in 

whom all four DQ combinations meet this criterion. Thus, persons heterozygous for HLA-DRB1*04 -

DQA1*0301-DQB1*0302 and DRB1*03- DQA1*0501-DQB1*0201 are the most susceptible, with an 
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absolute life-time risk of type 1 diabetes in the general population of about 1:12.  Persons who are 

protected from developing type 1 diabetes at a young age  are those with DRB1*15-DQA1*0201-

DQB1*0602 (haplotypes in particular (294).  Individuals with DRB1*11 or 04 who also have 

DQB1*0301 are not likely to develop type 1 diabetes at a young age. HLA-DR is also involved in 

susceptibility to type 1 diabetes in that the B1*0401 and 0405 subtypes of DRB1*04 are susceptible, 

while the 0403 and 0406 subtypes are negatively associated with the disease, even when found in HLA 

genotypes with the susceptible DQA1*0301-DQB1*0302. DR molecules are heterodimers also, 

however the DRα chain is invariant in all persons. Additional DRβ chains (B3, B4 and B5) are not 

important.   

Class II MHC is involved in antigen presentation to CD4 helper cells, and the above 

associations are likely to be explained by defective affinities to islet cell antigenic peptides, leading to 

persistence of T helper cells which escape thymic ablation. Class I HLA is also implicated in type 1 

diabetes.  Multiple non-HLA loci also contribute to susceptibility to type 1 diabetes (292). For 

example, the variable nucleotide tandem repeat (VNTR) upstream from the insulin (INS) gene on 

chromosome 11q is also useful for predicting the development of type 1 diabetes, with alleles with the 

longest VNTR having protective effects. Typing newborn infants for both HLA/DR/DQ, and to a 

lesser degree the INS gene, results in prediction of type 1 diabetes to better than 1:10 in the general 

population.  The risk of type 1 diabetes in HLA-identical siblings of a proband with type 1 diabetes is 

1:4, while siblings who have HLA-haplotype identity have a 1:12 risk and those with no shared 

haplotype a 1:100 risk (293). Genome wide association studies have confirmed the following non-HLA 

genetic factors to increase the risk for type 1 diabetes, both in first degree relatives of type 1 diabetes 

patients and in the general population: INS VNTR, CTLA-4, PTPN22 and others (276, 278, 295, 296).   

 

5. Emerging considerations 
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The sequencing of the human genome and the formation of consortia demonstrate advances in 

the identification of the genetic bases for both type 1 and type 2 diabetes.  This progress should 

ultimately result in family counseling, prognostic information and the selection of optimal treatment 

(289, 297) . 

 

 

AUTOIMMUNE MARKERS  

 

1. Use 

 

Recommendation: Islet cell autoantibodies are recommended for screening of non-diabetic family 

members who wish to donate part of their pancreas for transplantation to a relative with end stage type 

1 diabetes.  

 

B (low) 

 

Recommendation: Islet cell autoantibodies are not recommended for routine diagnosis of diabetes but 

standardized islet cell autoantibody tests may be used for classification of diabetes in adults and in 

prospective studies of children at genetic risk for type 1 diabetes following HLA typing at birth.   

 

B (low) 
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No therapeutic intervention has been identified that will prevent diabetes (292, 293).  

Therefore, although several islet cell autoantibodies have been detected in individuals with type 1 

diabetes, measurement of these has limited use outside of clinical studies.  Currently islet cell 

autoantibodies are not used in routine management of patients with diabetes.  This section will focus 

on the pragmatic aspects of clinical laboratory testing for islet cell autoantibodies.   

 

A. Diagnosis/Screening 

 

a.  Diagnosis 

 

In type 1 diabetes the pancreatic islet β cells are destroyed and lost.  In the vast majority of 

these patients, the destruction is mediated by an autoimmune attack (169). This is termed type 1A or 

immune mediated diabetes (Table 3). Islet cell autoantibodies comprise autoantibodies to islet cell-

cytoplasm (ICA), to native insulin, referred to as insulin autoantibodies or IAA (298), to glutamic acid 

decarboxylase (GAD65A) (299-301), to two  insulinoma antigen-2, IA-2A (302) and IA-2βA (also 

know as phogrin) (303) and to three variants of the ZnT8 transporter (ZnT8A) (304, 305). 

Autoantibody markers of the immune destruction are usually present in 85-90% of individuals with 

type 1 diabetes when fasting hyperglycemia is initially detected (1). Autoimmune destruction of the β 

cells has multiple genetic predispositions and is modulated by undefined environmental influences.  

The autoimmunity may be present for months or years prior to the onset of hyperglycemia and 

subsequent symptoms of diabetes. Patients with type 1A diabetes have a significantly increased risk of 

other autoimmune disorders including celiac disease, Graves’ disease, thyroiditis, Addison’s disease, 

and pernicious anemia (123).  As many as 1:4 females with type 1 diabetes have autoimmune thyroid 

disease while 1:280 patients develop adrenal autoantibodies and adrenal insufficiency.  A minority of 
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patients with type 1 diabetes (type 1B, idiopathic) have no known aetiology and no evidence of 

autoimmunity.  Many of these patients are of African or Asian origin. 

 

b.   Screening 

 

Recommendation:  Screening relatives of patients with type 1 diabetes or persons in the general 

population for islet cell autoantibodies is not recommended at present.  Standardized islet cell 

autoantibodies are tested in prospective clinical studies of children selected at birth following HLA 

testing for type 1 diabetes high risk HLA genotypes.  

 

B (low) 

 

Only about 15% of newly diagnosed type 1 diabetes patients have a first degree relative with 

the disease (306).  The risk of developing type 1 diabetes in relatives of patients with the disease is ~ 

5%, which is 15-fold higher than the risk in the general population (1:250-300 lifetime risk).  

Screening relatives of type 1 diabetes patients for islet cell autoantibodies can identify those at high 

risk for the disease. However, as many as 1-2% of healthy individuals have a single autoantibody and 

are at low risk of developing type 1 diabetes (307). Because of the low prevalence of type 1 diabetes 

(~0.3% in the general population), the positive predictive value of a single islet cell autoantibody will 

be low (293).  The presence of multiple islet cell autoantibodies (IAA, GAD65A, IA-2A/IA-2βA or 

ZnT8A) is associated with a risk of type 1 diabetes of > 90% (304, 307, 308). However, until cost 

effective screening strategies can be developed for young children and effective intervention therapy to 

prevent the clinical onset of the disease become available, such testing cannot be recommended outside 

of a research setting. 
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Children with certain HLA-DR and/or DQB1 chains (*0602/*0603/*0301) are mostly protected 

from type 1 diabetes, but not from developing islet cell autoantibodies (309). Because islet cell 

autoantibodies in these individuals have substantially reduced predictive significance, these subjects 

are often excluded from prevention trials. 

 

Recommendation:  Screening of patients with type 2 diabetes is not recommended at present.  

Standardized islet cell autoantibodies are tested in prospective clinical studies of type 2 diabetes 

patients to identify possible mechanisms of secondary failures to type 2 diabetes treatment. 

 

B (low)  

 

Approximately 5-10 % of Caucasian adult patients who present with type 2 diabetes phenotype 

also have islet cell autoantibodies (310), particularly GAD65A, which predict insulin dependency.  

This has been termed latent autoimmune diabetes of adulthood (LADA) (311), type 1,5 diabetes (312) 

or slowly progressive insulin-dependent diabetes (SPIDDM) (313). Although GAD65A-positive 

diabetic patients progress faster to absolute insulinopenia than do antibody-negative patients, many 

antibody-negative (type 2) diabetic adults also progress (albeit more slowly) to insulin dependency 

with time. Some of these patients may show T cell reactivity to islet cell components (312).  There is 

limited utility for islet cell autoantibody testing in patients with type 2 diabetes because the institution 

of insulin therapy is based on glucose control. 

 

B. Monitoring/Prognosis   
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Recommendation:  There is currently no role for measurement of islet cell autoantibodies in the 

monitoring of patients in clinical practice.  Islet cell autoantibodies are measured in research protocols 

and some clinical trials as surrogate end-points.  

 

B (low) 

 

No acceptable therapy has been demonstrated to prolong survival of islet cells once diabetes 

has been diagnosed or to prevent the clinical onset of diabetes in islet-cell-autoantibody-positive 

subjects (292). Thus, repeated testing for islet cell autoantibodies to monitor islet cell autoimmunity is 

not clinically useful at present.  In islet cell or pancreas transplantation, the presence or absence of islet 

cell autoantibodies may clarify whether subsequent failure of the transplanted islets is due to recurrent 

autoimmune disease or to rejection (314).  When a partial pancreas has been transplanted from an 

identical twin or HLA-identical sibling, appearance of islet cell autoantibodies may raise consideration 

of the use of immunosuppressive agents to try to halt recurrence of diabetes.  Notwithstanding these 

theoretical advantages, the value of this therapeutic strategy has not been established.    

Some experts have proposed that testing for islet cell autoantibodies may be useful in the 

following situations:  a) to identify a subset of adults initially thought to have type 2 diabetes, but have 

islet cell autoantibody markers of type 1 diabetes and progress to insulin dependency (315); b) to 

screen non-diabetic family members who wish to donate a kidney or part of their pancreas for 

transplantation; c) to screen women with GDM to identify those at high risk of progression to type 1 

diabetes and d) to distinguish type 1 from type 2 diabetes in children to institute insulin therapy at the 

time of diagnosis (316, 317). For example, some pediatric diabetologists are now treating children 

thought to have type 2 diabetes with oral medications, but treat autoantibody positive children 

immediately with insulin.  However, it is possible to follow patients who are islet cell autoantibody 
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positive to the point of metabolic decompensation and then institute insulin therapy.  The DPT-1 study 

failed to show a protective effect of parenteral insulin (318). 

 

2. Rationale 

 

The presence of islet cell autoantibodies suggests that insulin therapy is the most appropriate 

therapeutic option especially in a young person.  Conversely, in children or young people without islet 

cell autoantibodies, consideration may be given to a trial of oral agents and life style changes other 

than insulin therapy. There is not unanimity of opinion, but the presence of islet cell autoantibodies 

may alter therapy for subsets of patients, including Hispanic and African American children with a 

potential diagnosis of non-autoimmune diabetes, adults with islet cell autoantibodies but clinically 

classified as having type 2 diabetes, and children with transient hyperglycemia.  The majority of non-

diabetic individuals who have only one autoantibody may never develop diabetes.  Although 

expression of multiple islet cell autoantibodies is associated with greatly increased diabetes risk (307, 

308), approximately 20% of individuals presenting with new onset diabetes express only a single 

autoantibody. Prospective studies of children indicate that islet cell autoantibodies may be transient 

indicating that an islet autoantibody may have disappeared prior to the onset of hyperglycemia or 

diabetes symptoms (319).  

 

3. Analytical Considerations 

 

Recommendation: It is important that islet cell autoantibodies be measured only in an accredited 

laboratory with an established quality control program and participation in a proficiency testing 

program.   
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GPP 

 

 

For IAA, a radioisotopic method that calculates the displaceable insulin radioligand binding 

after the addition of excess non-radiolabelled insulin (320) is recommended. Results are reported as 

positive when the specific antibody binding exceeds the 99th percentile or possibly the mean + 2 (or 3) 

SD for healthy persons. It is noted that insulin autoantibody binding is not normally distributed.   Each 

laboratory needs to assay at least 100-200 healthy individuals to determine the distribution of binding. 

An important caveat concerning IAA determination is that insulin antibodies develop following insulin 

therapy even in those persons who use human insulin.  Data from the Diabetes Autoantibody 

Standardization Program (DASP) demonstrate that the interlaboratory variability for IAA is 

inappropriately large (321).  

GAD65A and IA-2A are determined in standardized radiobinding assays performed with 35S-

labeled recombinant human GAD65 or IA-2 generated by coupled in vitro transcription translation 

using [35S]methionine or other 35S- or 3H-labeled amino acids (322).  Commercially available methods 

for GAD65A and IA-2A are available either as a radioimmunoassay with 125I-labeled GAD65 

(truncated at the N-terminal end to promote solubility) or IA-2, respectively. In addition, 

immunoassays for both GAD65A and IA-2A are commercially available. Major efforts have been 

made to standardize GAD65A and IA-2A measurements (321, 323). A WHO-standard for both 

GAD65A and IA-2A is established and amounts of GAD65A and IA-2A are expressed in international 

units (324).  The binding of labeled autoantigen to autoantibodies is normally distributed. Cut-off 

values should be determined from 100-200 sera obtained from healthy individuals. GAD65A and IA-

2A should be reported as positive when the signal exceeds the 99th percentile. Comparison of multiple 
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laboratories worldwide is carried out in the DASP, a proficiency testing program organized by the 

Centers for Disease Control (CDC) under the auspicies of the Immunology of Diabetes Society 

(http://www.idsoc.org/).  Commercially available GAD65A and IA-2A methods are also participating 

in the DASP program demonstrating that it should be possible not only to harmonize participating 

laboratories but also eventually to standardized GAD65A and IA-2A (323). 

ICA are determined by indirect immunofluorescence on frozen sections of human pancreas 

(325). ICA measure the degree of binding of imunoglobulin to the islets and are compared to a WHO 

standard serum available from the National Institute of Biological Standards and Control (324). The 

results are reported in Juvenile Diabetes Foundation (JDF) Units. Positive results depend upon the 

study or context in which they are used, but many laboratories use 10 JDF units determined on two 

separate occasions, or a single result ≥ 20 JDF units, as significant titers which may convey an 

increased risk of type 1 diabetes. The method is cumbersome and has proven difficult to standardize. 

The number of laboratories which still carry out the ICA test has decreased markedly and the test is no 

longer included in the DASP program.   

 

4. Interpretation  

 

GAD65A may be present in ∼ 60-80% of newly diagnosed patients with type 1 diabetes, but 

the frequency varies with gender and age. GAD65A in both patients and healthy subjects are 

associated with HLA DR3-DQA1*0501-B1*0201. IA-2A may be present in about 40-50% of newly 

diagnosed type 1 diabetes patients but the frequency is highest in the young and decreases with 

increasing age. IA-2A are associated with HLA DR4-DQA1*0301-B1*0302.   IAA are positive in 

more than 70-80% of children who develop type 1 diabetes before age 5 years, but in fewer than 40% 
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of individuals developing diabetes after age 12.  IAA are associated with HLA DR4-DQA1*0301-

B1*0302 and with INS VNTR (275).  ICA is found in about 75-85% of new onset patients.  

The ICA assay is labor-intensive and difficult to standardize, and marked inter-laboratory 

variability in sensitivity and specificity has been demonstrated in workshops (297, 326).  Few clinical 

laboratories are likely to implement this test.  The immunoassays are more reproducible and 

amendable to standardization (321). Measurement of T cell reactivity in peripheral blood is 

theoretically appealing but the variability of such assays precludes their use in a clinical setting (327, 

328).   

Autoantibody-positivity is reported (by definition) in healthy individuals despite an absence of 

family history of autoimmune diseases. Islet cell autoantibodies are no exception.  If one autoantibody 

is found, the others should be assayed because the risk of type 1 diabetes increases if two or more 

autoantibodies are positive (318).  

The following suggestions have been proposed (292) as a rational approach to the use of 

autoantibodies in diabetes:  a) antibody assays should have specificity >99%; b) proficiency testing 

should be documented; c) multiple autoantibodies should be assayed and d) sequential measurement 

should be performed.  These strategies will reduce false positive and negative results. 

      

5. Emerging Considerations 

 

Since immunoassays for IAA, GAD65A IA-2A/IA-2βAand ZnT8A are now available, a panel 

of these autoantibodies is currently used in screening studies (329). As ICA assays are difficult to 

standardize, their use has declined substantially.   

It is likely that other islet cell antigens will be discovered, which could lead to additional 

diagnostic and predictive tests for type 1 diabetes. Autoantibody screening on finger-stick blood 
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samples as dried blood spots appears quite feasible in future.  In those individuals who are islet cell 

autoantibody positive, HLA-DR/DQ genotyping will help define absolute risk of  type 1 diabetes. 

Several clinical trials to prevent or intervene with type 1 diabetes are being actively pursued 

(329). Such trials can now be done in relatives of patients with type 1 diabetes or in the general 

population on the basis of the islet cell autoantibody and HLA-DR/DQ genotype status. Risk can be 

assessed by islet cell autoantibodies alone, without the need for evaluation of endogenous insulin 

reserves as was done for the US DPT-1 trial (318). Islet cell autoantibody positivity rates are distinctly 

lower in the general population than in relatives of individuals with type 1 diabetes, so that trials in the 

latter group are more economical. Potential interventional therapies (for type 1 diabetes) undergoing 

clinical trials include oral (329) or nasal insulin (330) given to non-diabetic - but islet cell autoantibody 

positive - relatives of individuals with type 1 diabetes or HLA high-risk children with islet cell 

autoantibodies.  Phase II clinical trials with alum-formulated GAD65 report no adverse events and 

some preservation of endogenous insulin production in GAD65A-positive diabetes patients (331, 332).  

Additional trials of other antigen-based immunotherapies, adjuvants, cytokines and T cell accessory 

molecule blocking agents are likely in the future (283). Decreased islet cell autoimmunity will be one 

important outcome measure of these therapies.  

 

MICROALBUMINURIA  

 

Microalbuminuria is a well established cardiovascular risk marker, where increases over time to 

macroalbuminuria (>300 mg/day) are associated with increased risk for the development of end-stage 

renal disease. Annual testing for microalbuminuria is recommended by all major guidelines for patients 

with diabetes and/or kidney disease. To be useful, semi-quantitative or qualitative screening tests must 
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be shown to be positive in >95% of patients with microalbuminuria. Positive results of such tests must 

be confirmed by quantitative testing in an accredited laboratory. 

 

1. Use 

 

Recommendation:  Annual microalbuminuria testing of patients without macroalbuminuria or clinical 

proteinuria should begin in pubertal or postpubertal individuals five years after diagnosis of type 1 

diabetes and at the time of diagnosis of type 2 diabetes, regardless of treatment.  

 

B (moderate) 

 
Recommendation: Microalbuminuria is a continuous risk marker for cardiovascular events which 

appear to start at concentrations of 20 ug/min. 

 

B (moderate)  

 

A. Diagnosis/Screening 

 
Diabetes is associated with a very high cardiovascular event rate and is the  leading cause of end-stage 

renal disease in the Western world (333). Early detection of risk markers such as small amounts of 

albumin in the urine (termed “microalbuminuria”) relies upon tests for urinary excretion of albumin. 

Conventional qualitative tests (chemical strips or “dipsticks”) for albuminuria do not detect the small 

increases of urinary albumin excretion. For this purpose, tests for “microalbuminuria” are used (Table 

10) (334-336). Microalbuminuria has been defined by the Joint National Committee (JNC) 7, ADA and 

National Kidney Foundation (NKF) (21, 337, 338) as excretion of 30 – 300 mg of albumin /24 h, or 20 
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– 200 μg/min or 30 – 300 μg/mg creatinine (Table 11) on two of three urine collections. Recent data, 

however, suggest that risk extends below the lower limit of 20 μg/min (339-341), reinforcing the 

notion that this is a continuous variable in regard to cardiovascular risk (342-344). 

The JNC 7, NKF and ADA all recommend annual quantitative testing for urine albumin in 

adults with diabetes using morning spot albumin:creatinine measurement (21, 337, 338). Subjects 

should be fasting. Optimal time for spot urine collection is the early morning, but to minimize 

variability all collections should be at the same time of day and preferably fasting for at least 2 hours 

(345).  

Positive tests represent “clinical albuminuria or macroalbuminuria” in these guidelines, 

corresponding to protein excretion > 300 mg/24 hours, > 200 μg/min or > 300 μg/mg creatinine (Table 

11).  In these patients, quantitative measurement of urine albumin excretion is used in the assessment 

of the severity of albuminuria and its progression, in planning treatment, and in determining the impact 

of therapy. Measurement of estimated glomerular filtration rate (eGFR) to properly assess stage of 

kidney disease can be calculated by knowing the serum creatinine, age, sex and race of the patient 

(346). An eGFR of <60 mL/min, regardless of the presence of microalbuminuria, is an independent 

cardiovascular risk factor (338)   A urine albumin  of <30 μg/mg creatinine, while considered 

“normal”, should be reassessed annually. If the value is  > 30 μg/mg, changes should be reassessed 

after 6 to 12 months if antihypertensve therapy is required or annually in those who are normotensive 

(337). For children with type 1 diabetes, testing for microalbuminuria is recommended to begin after 

puberty and after 5 years duration of diabetes. It should be noted that most longitudinal cohort studies 

report significant increases in prevalence of microalbuminuria only after diabetes has been present for 

5 years (337, 347). 

In the algorithms of both the NKF and ADA for urine protein testing (333), the diagnosis of 

microalbuminuria requires the demonstration of increased albumin excretion (as defined above) on 2 
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of 3 tests repeated at intervals over a period of a 3 to 6 months, and exclusion of conditions that 

“invalidate” the test (Fig. 1).  

 

A. Prognosis 

 

 Microalbuminuria has prognostic significance. In multiple epidemiological studies it is an 

independent risk marker for cardiovascular death (348, 349). In 80% of people with type 1 diabetes 

and microalbuminuria, urinary albumin excretion  can increase by as much as 10 – 20 % per year, 

with development of clinical proteinuria (> 300 mg albumin/day) in 10 –15 years in a little more than 

half the people. After the development of clinical grade proteinuria, most (> 90 %) patients go on to 

develop decreased glomerular filtration rate and, given enough time, end-stage renal disease. In type 

2 diabetes, 20 – 40 % of patients with microalbuminuria progress to overt nephropathy, but by 20 

years after overt nephropathy only ~ 20 % develop end-stage renal disease. In addition, patients with 

diabetes (type 1 or type 2) and microalbuminuria are at increased risk for cardiovascular disease. It 

should be noted that microalbuminuria alone does NOT indicate increased risk for progression to end 

stage kidney disease nor kidney disease per se; hypertension needs to be present for the risk of 

progression (350, 351). Moreover, about 20% of people progress to end stage kidney disease without 

an increase in microalbuminuria (352). Another factor that indicates progression is an increase in 

microalbuminuria to macroalbuminuria over time despite achievement of blood pressure goals (353). 

 

B. Monitoring 

 

The roles of routine urinalysis and albumin measurements are less clear in patients with a 

diagnosis of microalbuminuria. Some have advocated urine protein testing to monitor treatment, which 
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may include improved glycemic control, more assiduous control of hypertension, dietary protein 

restriction and therapy with blockers of the renin angiotensin system (333). Several factors are known 

to slow the rate of urinary albumin excretion or to prevent its development. These include reducing 

blood pressure (with a blocker of the renin angiotensin system as part of the regimen), glycemic 

control and lipid lowering therapy (44, 354-356).  

 

2. Rationale 

 

Early detection of microalbuminuria allows early intervention with a goal of reducing 

cardiovascular risk and delaying the onset of overt diabetic nephropathy. Thus, it is a signal for more 

intensive efforts to reduce cardiovascular risk factors.  

Microalbuminuria rarely occurs with short duration of type 1 diabetes or before puberty. Thus, 

testing is less urgent in these situations. Nevertheless, the difficulty in precisely dating the onset of type 

2 diabetes warrants initiation of annual testing at the time diagnosis of diabetes. While older patients 

(age > 75 years or life expectancy < 20 years) may not be at risk for clinically significant nephropathy 

due to a short projected life-span, they will be at higher cardiovascular risk. In such patients, the role of 

treating microalbuminuria is far from clear. Published studies have demonstrated that it is cost effective 

to screen all patients with diabetes and/or kidney disease for microalbuminuria (357, 358).  

 

3. Analytical Considerations 

 

A. Analytical  
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Recommendation:  The analytical CV of methods to measure microalbuminuria should be <15%. 

 

B (moderate) 

 

Analytical goals can be related to the degree of biological variation, with less precision 

required for analytes that vary widely in subjects to be tested. Detection limit and imprecision data are 

summarized in Table 10. Commercially available quantitative methods for microalbuminuria have 

documented detection limits of ~ 20 ug/L or less. Within-run imprecision and day-to-day (total) 

imprecision are well within the analytical goal of ~ 15 %, and often much less. Most methods, but not 

all, agree well with each other and support a reference interval of 2 – 20 μg albumin/mg creatinine 

(359) . 

The within-person variation of albumin excretion is large in people without diabetes and even 

higher in patients with diabetes. Howey et al. (360) studied day-to-day variation, over 3-4 weeks, of 

the 24-hour albumin excretion, the concentration of albumin and the albumin:creatinine ratio. The last 

two were measured in the 24-hour urine sample and as well as the first morning void and random 

untimed urine. In healthy volunteers, the lowest within-person CVs were found for the concentration of 

albumin in the first morning void (36 %) and for the albumin:creatinine ratio in that sample (31%) 

(360). Multiple studies have evaluated the best procedure to assess microalbuminuria. Most studies 

have found that the spot urine albumin:creatinine concentration in the first morning void, rather than 

24-hour urinary excretion of albumin or timed collection, is the most practical and reliable way to 

assess microalbuminuria (357, 361, 362). 

To keep analytical CV less than half the biological CV, an analytical goal of 18% CV has been 

proposed (360). Alternatively, if the albumin:creatinine ratio is to be used, one may calculate the need 

for somewhat lower imprecision (that is, a better precision) to accommodate the lower biological CV 



DRAFT

DRAFT November 2010 Version 
 
for the ratio and the imprecision contributed by the creatinine measurement. Assuming a CV of 5 % for 

the measurement of creatinine, we calculate a goal of 14.7% for the analytical CV for albumin when it 

is used to estimate the albumin:creatinine ratio. A goal of 15% appears reasonable to accommodate use 

of the measured albumin concentration for calculation of either timed excretion rate or the 

albumin:creatinine ratio. 

 

Recommendation: Semiquantitative or qualitative screening tests for microalbuminuria should be 

positive in >95% of patients with microalbuminuria to be useful for screening. Positive results must be 

confirmed by analysis in an accredited laboratory. 

 

GPP 

 

Qualitative (or semiquantitative) assays have been proposed as screening tests for 

microalbuminuria. To be useful, screening tests must have high detection rates for abnormal samples, 

i.e., a high clinical sensitivity. Although many studies have assessed the ability of reagent strips 

(“dipstick” methods) to detect increased albumin concentrations in urine, the important question is 

whether the method can detect microalbuminuria, that is, increased albumin excretion rate or its 

surrogate, increased albumin:creatinine ratio. We can find no documentation of any test in which the 

sensitivity for detection of an increased albumin excretion rate consistently reached 95% in more than 

one study.  

In a large study (363), the sensitivity for detection of an albumin excretion rate > 30 mg/24 

hours was 91 % when the test was performed by a single laboratory technician, 86 % when performed 

by nurses, and 66 % when performed by general practitioners. In two subsequent studies (364, 365), 

the sensitivities were 67 % - 86 %. False-positive results also appear to be common, with rates as high 
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as 15 % (363). Thus it appears that at least some of the tests, especially as used in practice, have the 

wrong characteristics for screening because of low sensitivity (high false negative rates), and positive 

results must be confirmed by a laboratory method. 

 

Recommendation: Currently available dipstick tests are not sensitive enough to be used reliably to 

make a diagnosis of microalbuminuria. 

 

C (low) 

 

Chemical strip methods are not sensitive when the albumin concentration in the urine is in the 

range of 20 – 50 mg/L. Thus, no recommendation can be made for the use of any specific screening 

test. “Dipstick” tests for microalbuminuria cannot be recommended as replacement for the quantitative 

tests.  

The available “dipstick” methods for microalbuminuria do not appear to lend themselves to 

viable screening strategies either in the physician’s office or for home testing. Usual screening tests 

(e.g., for phenylketonuria) have low false negative rates, and, thus, only positive results require 

confirmation by a quantitative method. If a screening test has low sensitivity, negative results, too, 

must be confirmed, a completely untenable approach. With semiquantitative tests, it may be possible 

(or, indeed, necessary) to use a cutoff below 20 mg/L to ensure detection of samples with albumin > 20 

mg/L as measured by laboratory methods.  

Recent studies have compared selected dipstick methods to laboratory assays and one dipstick 

was found to have >95% sensitivity (334, 336). One such study evaluated an office screening test that 

uses a monoclonal antibody against human serum albumin (ImmunoDip) (334). Screening 182 patient 

samples with this method using an albumin:creatinine ratio of ≥30 μg/mg as positive yielded a 
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sensitivity of 96%, a specificity of 80%, a positive predictive value of 66% and a negative predictive 

value of 98%. In a separate study, 165 patients had the HemoCue albumin concentration point of care 

system compared with Clinitek Microalbumin and Chemstrip Micral test, as well as an HPLC assay for 

spot albumin:creatinine measurement (336). Further studies are needed before the “dipstick” tests for 

microalbuminuria can be recommended as replacement for the quantitative tests. The use of the 

qualitative tests at the point of care is reasonable only when it can be shown that it eliminates 

quantitative testing in a sizeable proportion of patients and detects those patients who have early renal 

disease.  

 

B. Premeasurement  

 

Recommendation:  Acceptable samples to test for increased urinary albumin excretion are timed (e.g., 

12 or 24 hour) collections for measurement of albumin concentration and timed or untimed samples for 

measurement of the albumin:creatinine ratio. For screening, an untimed sample for albumin 

measurement (without creatinine) may be considered if a concentration cutoff is used that allows high 

sensitivity for detection of an increased albumin excretion rate. 

 

B (moderate) 

 

Recommendation: Optimal time for spot urine collection is the early morning and fasting. To minimize 

variability all collections should be at the same time of day and preferably fasting for at least 2 hours.  

 

GPP 
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Collection of 24-hour samples has disadvantages, specifically because many samples are 

collected inadequately and total creatinine is not routinely checked to evaluate adequacy of collection. 

The albumin:creatinine ratio appears to be an acceptable alternative. The ratio has a within-person, 

biological variation similar to that of the excretion rate, and correlates well with timed excretion as 

well as with albumin concentration in a first morning void of urine (360). For the ratio, a first-morning 

void sample is preferable as this sample has a lower within-person variation than the ratio in a random 

sample of urine during the day (360). Although the ratio appears entirely acceptable for screening, 

limited data are available for its use in monitoring the response to therapy. Recent post hoc analyses of 

clinical trials, however, have found that the albumin:creatinine ratio is a reasonable method to assess 

change over time (366). 

Albumin is stable in untreated urine stored at 4 °C or 20°C  for at least a week (367). Neither 

centrifugation nor filtration appears necessary before storage at – 20 °C or – 80 °C (368). Whether 

centrifuged, filtered or not treated, albumin concentration decreased by 0.27 % per day at – 20 °C, but 

showed no decrease over 160 days at – 80 °C (368). Urinary albumin excretion rate reportedly has no 

marked diurnal variation in diabetes, but does in essential hypertension (369). 

 

 

4. Interpretation 

 

A. Nonanalytical sources of variation 

 

Transient increases of urinary albumin excretion have been reported with short-term 

hyperglycemia, exercise, urinary tract infections, marked hypertension, heart failure, acute febrile 

illness and hyperlipidemia(333). 
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B. Frequency of measurement 

Recommendation: A urine albumin  of <30 μg/mg creatinine, while considered “normal”, should be 

reassessed annually. If the value is >30 μg/mg, changes should be reassessed after six to 12 months if 

antihypertensive therapy is required, or annually in those who are normotensive.  

 

B (moderate)  

 

The NKF, ADA and JNC 7 recommend annual measurement in patients with 

albumin:creatinine ratios of <30 μg/mg. After the documentation of a diagnosis of microalbuminuria 

(i.e., with results as defined above on 2 of 3 tests performed within a period of 3 – 6 months), repeated 

testing is reasonable to determine whether a chosen therapy is effective. It may also be useful in 

determining the rate of progression of disease and thus support planning for care of end-stage renal 

disease. Although the ADA recommendations suggest that such testing is not generally needed before 

puberty, testing may be considered on an individual basis if it appears appropriate because of early 

onset of diabetes, poor control or family history of diabetic nephropathy. The duration of diabetes prior 

to puberty was reported to be is an important risk factor in this age group and thus can be used to 

support such testing in individual patients (370).  

 
 

 

MISCELLANEOUS POTENTIALLY IMPORTANT ANALYTES 

 

I. INSULIN AND PRECURSORS 
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1. Use 

 

A. Diagnosis  

 

Recommendation: There is no role for routine testing for insulin, C-peptide or proinsulin in most 

patients with diabetes. Differentiation between type 1 and type 2 diabetes may in most cases be made 

based on the clinical presentation and subsequent course. These assays are useful primarily for research 

purposes. Occasionally, C-peptide measurements may help distinguish type 1 and type 2 diabetes in 

ambiguous cases, such as patients who have a type 2 phenotype but present in ketoacidosis. 

 

B (moderate) 

  

Recommendation: There is no role for measurement of insulin concentration in the assessment of 

cardiometabolic risk, as knowledge of this value does not alter the management of these patients. 

 

B (moderate) 

 

In the last several years, interest has increased in the possibility that measurements of the 

concentration of plasma insulin and its precursors might be of clinical benefit. In particular, evidence 

has been published that increased concentrations of insulin and/or proinsulin in nondiabetic individuals 

predict the development of coronary artery disease (CAD) (371). Although this possibility may be 

scientifically valid, its clinical value is questionable. Increased insulin concentration is a surrogate 
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marker which can be used to estimate resistance to insulin-mediated glucose disposal, and can identify 

individuals at risk for developing Syndrome X, also known as the insulin resistance syndrome (372). 

Accurate measurement of insulin sensitivity requires the use of complex methods, such as the 

hyperinsulinemic euglycemic clamp technique, which are generally confined to research laboratories 

(373, 374). Due to the critical role of insulin resistance in the pathogenesis of type 2 diabetes, 

hyperinsulinemia would also appear to be a logical risk predictor for incident type 2 diabetes. 

Earlier studies may not have controlled well for glycemic status and other confounders. More 

recent analyses suggest that insulin values do not add significantly to diabetes risk prediction carried 

out using more traditional clinical and laboratory measurements (375), and that measures of insulin 

resistance (that include insulin measurements) predicted risk of diabetes or CAD only moderately, with 

no threshold effects (376). Consequently, it seems of greater clinical importance to quantify the 

consequences of the insulin resistance and hyperinsulinemia (or hyperproinsulinemia) rather than the 

hormone values themselves, i.e., by measuring blood pressure, degree of glucose tolerance, and plasma 

lipid/lipoprotein concentrations. It is these variables that are the focus of clinical interventions, not 

plasma insulin or proinsulin concentrations (375, 376).  

The clinical utility of measuring insulin, C-peptide or proinsulin concentrations to help select 

the best antihyperglycemic agent for initial therapy in patients with type 2 diabetes is a question that 

arises from consideration of the pathophysiology of type 2 diabetes. In theory, the lower the pre-

treatment insulin concentration, the more appropriate might be insulin, or an insulin secretagogue, as 

the drug of choice to initiate treatment. While this line of reasoning may have some intellectual appeal, 

there is no evidence that measurement of plasma insulin or proinsulin concentrations will lead to more 

efficacious treatment of patients with type 2 diabetes. 

In contrast to the above considerations, measurement of plasma insulin and proinsulin 

concentrations is necessary to establish the pathogenesis of fasting hypoglycemia (377). The diagnosis 
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of an islet cell tumor is based on the persistence of inappropriately increased plasma insulin 

concentrations in the face of a low glucose concentration. In addition, an increase in the ratio of fasting 

proinsulin to insulin in patients with hypoglycemia strongly suggests the presence of an islet cell 

tumor. The absence of these associated changes in glucose, insulin, and proinsulin concentrations in an 

individual with fasting hypoglycemia makes the diagnosis of an islet cell tumor most unlikely, and 

alternative explanations should be sought for the inability to maintain fasting euglycemia. 

Measurement of the C-peptide response to intravenous glucagon can aid in instances in which it 

is difficult to differentiate between the diagnosis of type 1 and type 2 diabetes (5). However, even in 

this clinical situation, the response to drug therapy will provide useful information, and measurement 

of C-peptide may not be clinically necessary. Measurement of C-peptide is essential in the 

investigation of possible factitious hypoglycemia due to surreptitious insulin administration (378).  

In the past, some advocated use of insulin assays in the evaluation and management of patients 

with the polycystic ovary syndrome. Women with this syndrome manifest insulin resistance by 

androgen excess as well as abnormalities of carbohydrate metabolism; both abnormalities may respond 

to treatment with metformin or thiazolidinediones.  While clinical trials have generally evaluated 

insulin resistance using the hyperinsulinemic euglycemic clamp, fasting glucose to insulin ratios, and 

other modalities, the optimal laboratory evaluation of these patients in routine clinical care is not 

clearly defined. It is unclear whether assessing insulin resistance through insulin measurement has any 

advantage over assessment of physical signs of insulin resistance (body mass index, presence of 

acanthosis nigricans) and routine measurements of insulin are not recommended by the American 

College of Obstetrics and Gynecology (379). 

 

2. Analytical Considerations 
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Recommendation: Since current measures of insulin are poorly harmonized, a standardized insulin 

assay should be developed to encourage the development of measures of insulin sensitivity that will be 

practical for clinical care. 

 

GPP  

 

 

Although assayed for over 40 years, there is no standardized method available to measure 

serum insulin (380). Attempts to harmonize insulin assays using commercial insulin reagent sets result 

in greatly discordant results (381). Recently, an insulin standardization workgroup of the ADA, in 

conjunction with NIDDK, CDC, and EASD, called for harmonization of insulin assay results through 

traceability to an isotope dilution liquid chromatography/tandom mass spectrometry reference (382). 

The Insulin Standardization Workgroup called for harmonization of the insulin assay to encourage the 

development of measures of insulin sensitivity and secretion that will be practical for clinical care 

(383). Considerable imprecision among laboratories is also observed for measurement of C-peptide. 

Comparison of 15 laboratories which used 9 different routine C-peptide assay methods, found within- 

and between-run CVs as high as >10% and 18%, respectively (384). A committee has been established 

under the auspices of the CDC to harmonize C-peptide analysis.  

Measurement of proinsulin and C-peptide are accomplished by immunometric methods. 

Proinsulin reference intervals are dependent on methodology and each laboratory should establish its 

own reference interval. Although it has been suggested by some, insulin measurement should not be 

used in an OGTT to diagnose diabetes. In the case of C-peptide, there is a discrepancy in reliability 

because of variable specificity among antisera, lack of standardization of C-peptide calibration, and 

variable cross-reactivity with proinsulin. Of note is the requirement of the United States Centers for 
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Medicare and Medicaid Services (CMS; previously called Health Care Financing Administration 

(HCFA)) that Medicare patients must have C-peptide measured in order to be eligible for coverage of 

insulin pumps. Initially, the requirement was that the C-peptide be ≤ 0.5 ng/mL; however because of 

non-comparability of results from different assays resulting in denial of payment for some patients 

with values above 0.5 ng/mL, the requirement now states that the C-peptide should be ≤110% of the 

lower limit of the reference interval of the laboratory’s measurement method (385). 

 

II. INSULIN ANTIBODIES 

 

Recommendation: There is no published evidence to support the use of insulin antibody testing for 

routine care of patients with diabetes. 

 

C (very low)?? 

 

Given sufficiently sensitive techniques, insulin antibodies can be detected in any patient being 

treated with exogenous insulin (380). In the vast majority of patients, the titer of insulin antibodies is 

low, and their presence is of no clinical significance. Very low values are seen in patients treated 

exclusively with human recombinant insulin (386). However, on occasion the titer of insulin antibodies 

in the circulation can be quite high and associated with dramatic resistance to the ability of exogenous 

insulin to lower plasma glucose concentrations. This clinical situation is quite rare, usually occurs in 

insulin-treated patients with type 2 diabetes, and the cause and effect relationships between the 

magnitude of the increase in insulin antibodies and the degree of insulin resistance is unclear. There 

are several therapeutic approaches for treating these patients and a quantitative estimate of the 

concentration of circulating insulin antibodies does not appear to be of significant benefit.  
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The prior version of these guidelines (14) contained short sections on amylin and leptin, both of 

which were the focus of active clinical studies. The evidence accumulated in the last seven to eight 

years has failed to identify any clinical value in measuring these analytes in patients with diabetes. 

Similarly, although cardiovascular disease is the major cause of mortality for persons with diabetes, no 

evidence supports the measurement of non-traditional cardiovascular risk factors for routine 

assessment of risk in patients with diabetes. These sections have, therefore, been removed.  
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Table 1:  Grading the Quality/Strength of Evidence 

The overall quality/strength of the body of evidence is scored on a 4-point scale: 

High: Further research is very unlikely to change our confidence in the estimate of effect. The body of 

evidence comes from high level individual studies which are sufficiently powered; provide precise, 

consistent and directly applicable results in a relevant population.  

Moderate: Further research is likely to have an important impact on our confidence in the estimate of 

effect and may change the estimate and the recommendation. The body of evidence comes from 

high/moderate level individual studies which are sufficient to determine effects, but the strength of the 

evidence is limited by the number, quality, or consistency of the included studies; generalizability of 

results to routine practice; or indirect nature of the evidence.  

Low: Further research is very likely to have an important impact on our confidence in the estimate of 

effect and is likely to change the estimate and the recommendation. The body of evidence is of low 

level and comes from studies with serious design flaws, or evidence is indirect.  

Very low: Any estimate of effect is very uncertain. Recommendation may change when higher quality 

evidence becomes available. Evidence is insufficient to assess the effects on health outcomes because 

of limited number or power of studies, important flaws in their design or conduct, gaps in the chain of 

evidence, or lack of information.  
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Table 2:  Grading the Strength of Recommendations 

A. The NACB strongly recommends adoption  

Strong recommendations for adoption at Level A are made when: 

• There is high quality evidence and strong or very strong agreement of experts that the intervention 

improves important health outcomes and that benefits substantially outweigh harms; or 

• There is moderate quality evidence and strong or very strong agreement of experts that the 

intervention improves important health outcomes and that benefits substantially outweigh harms, or 

Strong recommendations against adoption at Level A are made when: 

• There is high quality evidence and strong or very strong agreement of experts that the intervention 

is ineffective or that benefits are closely balanced with harms, or that harms clearly outweigh 

benefits; or  

• There is moderate quality evidence and strong or very strong agreement of experts that the 

intervention is ineffective or that benefits are closely balanced with harms, or that harms outweigh 

benefits. 
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Table 2:  Grading the Strength of Recommendations 

B. The NACB recommends adoption 

Recommendations for adoption at Level B are made when: 

• There is moderate quality evidence and level of agreement of experts that the intervention improves 

important health outcomes and that benefits outweigh harms, or 

• There is low quality evidence but strong or very strong agreement and high level of confidence of 

experts that the intervention improves important health outcomes and that benefits outweigh harms; 

or 

• There is very low quality evidence but very strong agreement and very high level of confidence of 

experts that the intervention improves important health outcomes and that benefits outweigh harms. 

Recommendations against adoption at Level B are made when: 

• There is moderate quality evidence and level of agreement of experts that the intervention is 

ineffective or that benefits are closely balanced with harms, or that harms outweigh benefits; or  

• There is low quality evidence but strong or very strong agreement and high level of confidence of 

experts that the intervention is ineffective or that benefits are closely balanced with harms, or that 

harms outweigh benefits. 

• There is very low quality evidence but very strong agreement and very high levels of confidence of 

experts that the intervention is ineffective or that benefits are closely balanced with harms, or that 

harms outweigh benefits. 
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Table 2:  Grading the Strength of Recommendations 

C. The NACB concludes that the evidence or the level of agreement between experts is 

insufficient to make recommendations 

 

Level C is applied in the following circumstances: 

• Evidence is lacking, or of very low quality, and the balance of benefits and harms cannot be 

determined and there is no or very low level of agreement of experts for or against adoption of the 

recommendation. 

• At any level of evidence – particularly if the evidence is heterogeneous or inconsistent, indirect, or 

inconclusive – if there is no agreement of experts for or against adoption of the recommendation. 

 

GPP.  The NACB recommends it as Good Practice Point 

Good Practice Points (GPPs) are recommendations mostly driven by expert consensus and professional 

agreement, and are based on the below listed information and/or professional experience, or widely 

accepted standards of best practice. This category mostly applies to technical (e.g. pre-analytical, 

analytical, post-analytical), organizational, economic or quality management aspects of laboratory 

practice where the question does not directly address health-related outcome aspects of care. In these 

cases evidence often comes from observational studies, audit reports, case series or case studies, non-

systematic reviews, guidance or technical documents, non-evidence-based guidelines, personal 

opinions, expert consensus or position statements. Recommendations are often based on empirical data, 

usual practice, quality requirements and standards set by professional or legislative authorities or 

accreditation bodies, etc.  
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Table 3:  Classification of Diabetes Mellitus* 

I. Type 1 diabetes 

A. Immune mediated 

B. Idiopathic 

II. Type 2 diabetes 

III. Other specific types 

A. Genetic defects of β-cell function 

B. Genetic defects in insulin action 

C. Diseases of the exocrine pancreas 

D. Endocrinopathies 

E. Drug- or chemical-induced  

F. Infections 

G. Uncommon forms of immune-mediated diabetes 

H. Other genetic syndromes sometimes associated with diabetes 

IV.  Gestational diabetes mellitus 

 

*From ADA (387) 
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Table 4:  Criteria for the Diagnosis of Diabetes* 

Any one of the following is diagnostic 

1.  HbA1c ≥ 6.5%1  

                             OR 

2.  FPG ≥ 7.0 mmol/L (126 mg/dL)2  

                             OR 

3.  2-h plasma glucose ≥ 11.1 mmol/L (200 mg/dL) during an OGTT3  

                             OR 

4.  Symptoms of hyperglycemia and casual plasma glucose ≥ 11.1 mmol/L (200 mg/dL)4  

 

In the absence of unequivocal hyperglycemia, these criteria should be confirmed by repeating the same 

test on a different day. Mixing different methods to diagnose diabetes should be avoided. 

* From ADA (387) 

1 The test should be performed in a laboratory that is NGSP certified and standardized to the  DCCT 

assay.  

2 Fasting is defined as no caloric intake for at least 8 h. 

3 The OGTT should be performed as described by the WHO, using a glucose load containing the 

equivalent of 75 g of anhydrous glucose dissolved in water. 

4 Casual is defined as any time of day without regard to time since last meal. The classic symptoms of 

hyperglycemia include polyuria, polydipsia and unexplained weight loss. 



DRAFT

DRAFT November 2010 Version 
 
 

Table 5:  Minimally- and Non-invasive Methodology for in Vivo Glucose Monitoring* 

1. Transcutaneous needle-type enzyme electrodes 

2. Totally implanted sensors 

            •    Enzyme electrodes 

            •    Near infrared fluorescence-based 

3. Sampling technologies 

            •   Microdialysis 

            •   Reverse iontophoresis 

4. Non-invasive technologies 

            •   Light scattering 

            •   Raman spectroscopy 

            •   Near - or mid-infrared spectroscopy 

            •   Photoacoustic spectroscopy 

*Adapted from Pickup et al. (388) 
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Table 6:  WHO Criteria for Interpreting 2 h OGTT* 

 0 h 2 h 

Impaired Fasting 

Glucosea 

> 6.1 mmol/L (110 mg/dL) 

< 7.0 (126) 

< 7.8 (140) 

Impaired 

Glucose Toleranceb  

< 7.0  (126) > 7.8 (140) - < 11.1 (200) 

Diabetesc > 7.0 (126) > 11.1 (200) 

 

Values are for venous plasma glucose using a 75 g oral glucose load. 

*From WHO (19) 

a If 2-h glucose is not measured, status is uncertain as diabetes or IGT cannot 

be excluded. 

bBoth fasting and 2-h value need to meet criteria 

cEither fasting or 2-h measurement can be used. Any single positive result 

should be repeated on a separate day. 
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Table 7:  100 g Oral Glucose Tolerance Test 

 mmol/L                  mg/dL 

Fasting 5.3                    95 

1 h 10.0                  180 

2 h 8.6                  155 

3 h 7.8                  140 

 

The test should be done in the morning after an overnight fast of between 8 and 14 h and after a

unrestricted diet (≥ 150 g carbohydrate per day) and unlimited physical activity. The subject should 

be seated and should not smoke throughout the test. 
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Table 8:  Screening for and Diagnosis of GDM 

Glucose Measure Glucose Concentration 
Threshold+ 

Percent > Threshold† 

 mmol/L mg/dL Cumulative 
FPG 5.1 92 8.3 

1-hr PG 10.0 180 14.0 

2-hr PG 8.5 153 16.1* 
 

+One or more of these values from a 75 g OGTT must be equaled or exceeded for the 

diagnosis of GDM. 

†Cumulative proportion of HAPO cohort equaling or exceeding those thresholds 

*In addition, 1.7% of participants in the initial cohort were unblinded because of a 

FPG >5.8 mmol/L (105 mg/dL) or 2-hr OGTT values >11.1 mmol/L (200 mg/dL) 

bringing the total to 17.8%. 
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Table 9: Lifetime Risk of Type 1 Diabetes in First-Degree Relatives* 

(proband diagnosed before age 20) 

       Relative Risk (%) 

  

Parents 2.2 ± 0.6% 

  

Children 5.6 ± 2.8% 

  

Siblings 6.9 ± 1.3% 

  

   HLA non-identical sib          1.2% 

  

   HLA haploidentical sib          4.9% 

  

   HLA identical sib        15.9% 

  

            Identical twin        30-40% 

  

General population            0.3% 

 

*From Harrison (293) 
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Table 10: Review of Assays to Assess Albuminuria 

Method Inter-assay CV Detection Limit 

Immunonephelometry 

(Beckman Array 

Analyzer) 

 

4.2% at 12.1 mg/L 

5.3% at 45 mg/L 

 

2 mg/L  

Immunoturbimetry (Dade-

Behring Turbimeter) 

 

4.1% at 10.6 mg/L 

2.2% at 77.9 mg/L 

 

6 mg/L  

 

 

Hemocue (Point of Care) 

 

 

2.2% at 77.9 mg/L  

4,3% at 82 mg/L  

 

5 mg/L 

 

 

Radioimmunoassay 9.2% at 12.2 mg/dL 

4.8% at 33 mg/L 

16 μg/L 
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Table 11: Definitions of Microalbuminuria and Clinical Albuminuria* 

 mg/24 h ug/min ug/mg creatinine 

Normal <30 <20 <30 

Microalbuminuria 30-300 20-200 30-300 

Clinical albuminuria† >300 >200 >300 

†Also called “overt nephropathy” 

*From ADA (21) 
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Fig. 1. Algorithm for urine protein testing 
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