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IntroDuCtIon
Up to 30% of people with type 2 diabetes 
remain undiagnosed in the UK on average 
for 7 years, and complications are already 
present at diagnosis in about 50% of 
people.1,2 Furthermore, impaired glucose 
regulation or ‘high risk of diabetes’ (pre-
diabetes, impaired glucose tolerance, 
and⁄or impaired fasting glucose)1,2 is highly 
prevalent, at around 15% in adults, and 
carries an increased risk of progression to 
type 2 diabetes and vascular complications. 
Early initiation of lifestyle and therapeutic 
measures significantly reduces long-term 
complications of diabetes. Furthermore, 
intensive lifestyle intervention and/or 
pharmacotherapy reduce progression to 
diabetes by 40–60% in individuals at high 
risk of diabetes. Accurate diagnosis of 
diabetes and routine screening to identify 
high-risk individuals is important to improve 
outcomes. Availability of a simple, accessible, 
and reliable diagnostic test is crucial.

LImItAtIons of ConventIonAL 
gLuCose-bAseD DIAgnostIC tests 
Diagnosis of diabetes has been traditionally 
based on plasma glucose measurements.3 
The fasting plasma glucose (FPG) test is 
more commonly used on pragmatic grounds 
but still involves overnight fasting and has 
modest sensitivity for detecting diabetes 
compared to the oral glucose tolerance test 
(OGTT).4 In contrast, the OGTT is sometimes 
considered as the ‘gold standard’ test 
but has poor test reproducibility and is 
inconvenient and costly.4 Furthermore 
glucose measurement can be affected 
by factors such as instability of glucose 
in blood samples at room temperature 
and fluctuations in glucose levels during 
periods of illness.4 Measured glucose levels 
therefore may not always accurately reflect 
true blood glycaemia. 

tHe new HbA1c CrIterIA for 
DIAgnosIs of DIAbetes 
In 2011, the World Health Organization 

(WHO) recommended the use of glycated 
haemoglobin (HbA1c) as an alternative 
diagnostic test suggesting an HbA1c level 
of ≥6.5% (≥48 mmol/mol) as a cut-off for 
diagnosing type 2 diabetes in non-pregnant 
adults.5 Although in 2009 an international 
expert committee advocated that levels of 
HbA1c between 6.0 and 6.4% (42–47 mmol/
mol) denote high risk of diabetes, the WHO in 
2011 did not recommend HbA1c in diagnosing 
high-risk individuals.4,5 Using HbA1c 
for diagnosis requires the International 
Federation of Clinical Chemistry (IFCC) 
standardised assays for its measurement to 
ensure the results produced using different 
assays are equivalent and reliable. 

Advantages over the glucose-based tests
HbA1c reflects average glucose levels over 
the preceding 6–8 week periods and is a 
better indicator of chronic hyperglycaemia 
and long-term complications.6 The HbA1c 
levels are less affected by any short-term, 
stress-related changes. Measurement of 
HbA1c is standardised and shows less intra-
individual and inter-test variability. An HbA1c 
test can be performed in a non-fasting state, 
at any time of the day, and therefore may 
be more convenient for both healthcare 
professionals and patients. 

How to use tHe new HbA1c CrIterIA 
Here we provide algorithms giving 
practical stepwise advice on interpretation 
of HbA1c results and further care that 
partly incorporate UK guidelines published 
recently7,8 (Appendix 1). The algorithms are 
for use mainly in the setting of clinical 
practice in UK.

Algorithm A should be followed when an 
individual presents with suspected diabetes. 
In someone with symptoms of diabetes, 
HbA1c ≥6.5% (≥48 mmol/mol) on a single 
occasion confirms diagnosis of diabetes. In 
the absence of symptoms, the HbA1c test 
should be repeated in 2 weeks to rule out 
laboratory errors with diagnosis confirmed if 
repeat HbA1c is also ≥6.5% (≥48 mmol/mol). 
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Algorithm B should be used while 
considering routine identification of 
individuals with undiagnosed diabetes or 
those at high risk. The National Institute 
for Health and Clinical Excellence (NICE) 
recommends risk identification for all 
non-pregnant adults aged ≥40 years, non-
pregnant adults of South Asian and Chinese 
descent aged 25–39 years, and adults with 
conditions that increase the risk of type 
2 diabetes, using a two–step, targeted 
screening strategy.8 The strategy involves 
initial risk stratification using validated 
diabetes risk assessment tools followed by 
either the HbA1c or FPG test.8–11 However 
the HbA1c test alone can be used after the 
initial risk assessment. HbA1c is a strong 
predictor of risk of developing diabetes and 
cardiovascular events, independent of FPG.6 
Moreover inconvenience of performing an 
FPG test can affect the screening uptake.12 

PrACtICAL Issues In usIng tHe HbA1c 
CrIterIA
HbA1c test may not diagnose the same 
individuals as the glucose-based tests.13 
However the criteria for diagnosing 
diabetes relates to prediction of the risk 
of microvascular disease, in particular 
diabetes-specific retinopathy. In that 
regard HbA1c performs at least as well 
as fasting and 2-hour plasma glucose.14 
Confirmation of diabetes using glucose tests 
is therefore only needed when HbA1c is 
<6.5% (<48 mmol/mol) but a strong clinical 
suspicion of diabetes remains. Certain 
clinical conditions preclude use of HbA1c 
for diagnostic purpose and warrants use of 
glucose tests (Appendix 1).

In the following clinical situations HbA1c 
must not be used to diagnose diabetes:4,5,7

• pregnancy; 

• all symptomatic children and young 
people (aged <18 years); 

• symptoms suggestive of type 1 diabetes 
(any age);

• short duration of diabetes symptoms for 
<2 months;

• medication use that may cause rapid 
glucose rise: for example, corticosteroid, 
antipsychotics; and

• acute pancreatic damage/pancreatic 
surgery.

Furthermore the following conditions 
may preclude accurate measurement of 
HbA1c:4,5,7

• anaemia/haemoglobinopathies (check 
haemoglobin and mean corpuscular 
volume);

• chronic renal/liver failure (check urea 
and electrolytes/liver function tests);

• hypertriglyceridaemia (check lipid 
profile); and

• use of drugs: erythropoietin/antiretroviral 
drugs/chronic opiate use, or chronic 
alcoholism (take drug history).

There are no specific cut-points defined 
for the above-mentioned haematological 
and biochemical tests that preclude the 
use of HbA1c in these conditions. Clinicians 
need to look at each case individually and 
discuss with the local laboratory. In case 
of uncertainties plasma glucose should be 
used to diagnose diabetes.

Finally it is important that HbA1c is 
measured on a venous blood sample in 
the laboratory; point-of-care assays (near 
testing machines) may not be accurate and 
should be avoided for diagnostic purpose.15

ConCLusIons
The traditional glucose-based tests 
for diagnosis of type 2 diabetes have 
shortcomings including inconvenience of 
fasting, limited sensitivity, and poor test 
reproducibility. In comparison, an HbA1c 
test is simple, convenient, and reliable. Use 
of HbA1c as the preferred diagnostic test 
may improve early and accurate diagnosis 
of type 2 diabetes and high-risk individuals. 
It is crucial that clinicians remain aware of 
some of the limitations and practical issues 
in using the HbA1c-based diagnostic criteria. 

Provenance
Freely submitted; not externally peer 
reviewed. 

Discuss this article
Contribute and read comments about 
this article on the Discussion Forum:  
http://www.rcgp.org.uk/bjgp-discuss

e166  British Journal of General Practice, February 2013

referenCes
1. Diabetes UK. State of diabetes care in the UK 

2009. London: Diabetes UK, 2010. 
2. Diabetes UK. Prediabetes: preventing the type 

2 diabetes epidemic. A report. 2009. http://
www.diabetes.org.uk/Documents/Reports/
PrediabetesPreventingtheType2diabetesepide  
micOct2009report.pdf (accessed 11 Jan 2013).

3. Alberti KG, Zimmet PZ. Definition, diagnosis 
and classification of diabetes mellitus and 
its complications. Part 1: diagnosis and 
classification of diabetes mellitus provisional 
report of a WHO consultation. Diabetic Med 
1998; 15(7): 539–553. 

4. The International Expert Committee. 
International Expert Committee report on 
the role of the A1C assay in the diagnosis of 
diabetes. Diabetes Care 2009; 32(7): 1327–
1334. 

5. World Health Organization. Use of glycated 
haemoglobin (HbA1c) in the diagnosis of 
diabetes mellitus. Abbreviated report of a 
WHO consultation. Geneva: WHO, 2011: 1–25. 

6. Selvin E, Steffes MW, Zhu H, et al. Glycated 
hemoglobin, diabetes, and cardiovascular 
risk in nondiabetic adults. N Engl J Med 2010; 
362(9): 800–811. 

7. John WG, Hillson R, Alberti SG. Use of 
haemoglobin A1c (HbA1c) in the diagnosis 
of diabetes mellitus. The implementation of 
World Health Organisation (WHO) guidance 
2011. Practical Diabetes 2012; 29: 12–12a. 

8. National Institute for Health and Clinical 
Excellence. Preventing type 2 diabetes — risk 
identification and interventions for individuals 
at high risk. Public Health Guidance 38. 
London: NICE, 2012. http://www.nice.org.uk/
guidance/ph38 (accessed 11 Jan 2013).

9. Gray LJ, Taub NA, Khunti K, et al. The 
Leicester Risk Assessment score for detecting 
undiagnosed type 2 diabetes and impaired 
glucose regulation for use in a multiethnic UK 
setting. Diabetic Med 2010; 27(8): 887–895. 

10. Gray L, Davies M, Hiles S, et al. Detection 
of impaired glucose regulation and/or 
type 2 diabetes mellitus, using primary 
care electronic data, in a multiethnic UK 
community setting. Diabetologia 2012; 55(4): 
959–966. 

11. Griffin SJ, Little PS, Hales CN, et al. Diabetes 
risk score: towards earlier detection of type 2 
diabetes in general practice. Diabetes Metab 
Res Rev 2000; 16(3): 164–171. 

12. Eborall H, Stone M, Aujla N, et al. Influences 
on the uptake of diabetes screening: a 
qualitative study in primary care. Br J Gen 
Pract 2012; DOI: 10.3399/bjgp12X630106. 

13. Mostafa SA, Davies MJ, Webb D, et al. 
The potential impact of using glycated 
haemoglobin as the preferred diagnostic 
tool for detecting Type 2 diabetes mellitus. 
Diabetic Med 2010; 27(7): 762–769. 

14. Colagiuri S, Lee CMY, Wong TY, et al. Glycemic 
thresholds for diabetes-specific retinopathy. 
Diabetes Care 2011; 34(1): 145–150. 

15. Al-Ansary L, Farmer A, Hirst J, et al. Point-
of-care testing for HbA1c in the management 
of diabetes: a systematic review and 
metaanalysis. Clin Chem 2011; 57(4): 568–
576. 



British Journal of General Practice, February 2013  e167

Figure 1: Algorithm for using HbA1c in diagnosing diabetes or identifying people at high risk of diabetes

Non-urgent 
situation

High Risk  

(risk score in  
the top 50% of  

the rank) 

Intermediate Risk

(risk score in the 
intermediate 25%  

of the rank)

Low Risk

(risk score in 
the bottom 25% 

of the rank)

Urgent Situation

For significantly  symptomatica and/or clinically 
unwell patients, urgent testing and treatment 

may be needed.  Perform an immediate 
finger capillary glucose and send off a venous 
laboratory random glucose. If either of them 

are > 11.0 mmol/L diabetes is likely: consider 
same day referral to specialist diabetes team.

Use the computer based risk assessemt toolsd, to calculate risk scores 
on  all adults on practice register age ≥40 years*. Rank the individuals 

according to their risk scores and categorise them as below. 

(Alternatively, in patients not responding to the usual screening calls, use 
the self risk assessment scoree for conducting opportunistic screening. The 
self risk assessment score can also be used in any situations if preferred 
e.g online via the Diabetes UK Website or in the community health and 

social care venues such as Pharmacies and Dental Surgeries) 

Lifestyle advice on: 

• risk of developing  diabetes & the benefits of 
a healthy lifestyle. 

• modifying individual risk factors.

Reassess risk at  5 years

The self assessment risk score is available 
online at the Diabetes UK website7 -  

http://www.diabetes.org.uk/riskscore

http://www.diabetes.org.uk/Professionals/Risk-
score-assessment-tool/

Diabetes 
management 

Pathway

Diagnosis is 
Diabetes

High risk of diabetes

Repeat HbA1c in 
6 -12 months;  or 

sooner if symptoms 
develops

Refer to intensive 
structured lifestyle 

Intervention 
programme &  

Annual monitoring 
with HbA1c

Offer Intervention to:

• communicate the 
risk of developing 
diabetes & the 
benefits of a 
healthy lifestyle  

• reduce individual 
risk factors with 
tailored support 
services. 

Recheck HbA1c in 
3 years or earlier if 
clinically indicated 

Repeat HbA1c in 
2 weeks 

Symptomsa No Symptomsa 
If symptomsa present consider glucose test  

to confirm glycaemic status, otherwise  
proceed as below

≥ 6.5 % 
(≥ 48 mmol/mol)

6.0 – 6.4  %  
(42 – 47mmol/mol)

< 6.0 % 
( < 42 mmol/mol)

≥ 6.5 % 
(≥ 48 mmol/mol)

<  6.5 % 
(< 48 mmol/mol)

Use HbA1cb,c

(Certain clinical conditions/situations preclude use of HbA1cb,c and  glucose testing is preferable (see notes)

Note a. Symptoms of diabetes include

Increased thirst; polyuria; extreme fatigue; unexplained weight 
loss  OR blurred vision.

Note b. Clinical situations where HbA1c must not be used 
as a sole test to diagnose diabetes4,5,7 

• Pregnancy 
• All symptomatic children and young people (<18 years)
• Symptoms, suggestive of Type 1 diabetes (any age)
• Short duration of diabetes symptoms for less  

than 2 months
• Medication use that may cause rapid glucose rise: e.g. 

corticosteroid, antipsychotics
• Acute pancreatic damage/pancreatic surgery

 * In alignment with the NHS Health Check programme. 
Age ≥25 years in people of South Asian, Chinese, Afro-
Caribbean, black African and other high-risk black and 
minority ethnic group. 

Note c. Exclude conditions that may preclude  accurate 
measurement of HbA1c4,5,7 

• Anaemia / Haemoglobinopathies (check Haemoglobin 
and Mean Corpuscular Volume)

• Chronic renal /liver failure (check  Urea &Electrolytes / 
Liver function tests)

• Hypertriglyceridaemia (check lipid profile )
• Use of drugs - Erythropoietin/ antiretroviral drugs/  

Chronic Opiate use or Chronic Alcoholism  
(take drug history)

There are no specific cut-points defined for these 
haematological and biochemical tests that preclude the use of 
HbA1c. Clinicians need to look at  each case individually and 
discuss with local laboratory. In case of uncertainties  plasma 
glucose should be used to diagnose diabetes as advised.

Note d. Leicester Practice Risk Score10 

The Leicester Practice Risk score is calculated using  routinely 
available information in the general practice  computer 
databases and incorporates variables including age, sex, BMI, 
ethnicity, family history, BP tablets and history of CVD. 

To implement screening strategies in a cost effective manner, 
a pragmatic approach is to rank people from high to  risk score 
and  allocate  the top 50% of this rank to high risk category.10

Other risk score are available for example Cambridge Diabetes 
risk score.11

Note e. Leicester Self Assessment Risk Score9 

Leicester Self Assessment Risk Score is intended for use by 
lay persons where individuals calculate their own risk and then 
attend the GP practice for further action. Variables include age, 
sex, BMI, waist circumference, smoking, alcohol, fruit/ vegetable 
intake, BP/ cholesterol tablets, physical activity, family history, 
other conditions.  Instructions are given on how to calculate 
Body mass index and waist circumference.

Other risk score are available for example FINDRISC score.

Routine identification and early structured intervention for  
individuals with undiagnosed diabetes or at a high risk

Diagnosing diabetes if patient 
present with clinical suspicion

Notes

Appendix 1. Algorithm for using HbA1c in diagnosing diabetes or identifying people at high risk of diabetes.


