Dr Raashda A Sulaiman 
email: raashda.sulaiman@rwh-tr.nhs.uk
  
Mourad H Labib 
  
  
  
  
  
Keywords: Impaired fasting glycaemia, impaired glucose tolerance, oral glucose tolerance test, diabetes

Impaired fasting glycaemia (IFG) is an indication for oral glucose tolerance test (OGTT). World health organisation (WHO) and International Diabetes Federation (IDF) define IFG as fasting plasma glucose levels of 6.1to 6.9 mmol/L. However American Diabetes Association (ADA) still recommends a range of 5.6 to 6.9 mmol/L as IFG. We performed an audit to assess the outcome of oral glucose tolerance test (OGTT) at various cut offs of fasting plasma glucose (FPG) levels in patients at high risk of developing diabetes.

Methods:

Laboratory data on OGTT performed over a period of one year in a district general hospital, was collected. Patients with fasting plasma glucose (FPG) levels between 5.6 to 6.9 mmol/L were selected and the outcome was analysed.

Results:

Our audit shows that in patients with FPG levels of 5.6 to 6.0 mmol/L, 19% had diabetes and 43% had impaired glucose tolerance (IGT).

Conclusion:

The percentage of subjects with abnormal OGTT in our study is much higher than that of Decode study 1 (7% diabetes and 29% IGT). However Decode study had included general population while our data was collected from subjects who are at high risk of developing diabetes. We conclude that in these subjects the lower cut off level of 5.6 mmol/L for FPG should be used as an indication for OGTT. 

INTRODUCTION

Type 2 diabetes is one of the major challenges facing health care services in UK. Currently there are 2.5 million people diagnosed with diabetes while more than half a million still remain undiagnosed. It has been estimated that there will be over four million people with diabetes in UK by 2025. [START_REF]Diabetes in the UK 2009-Key statistics on diabetes-NHS Evidence on diabetes[END_REF] Epidemiological evidence suggests that diabetes related complications begin in the pre diabetes state, which refers to IFG and/or IGT. Increasing insulin resistance and progressive beta cell failure result in rising glycaemia in the non diabetic range, which could eventually progress to diabetes. [START_REF] Nichols | Progression from newly acquired impaired fasting glycaemia to type 2 diabetes[END_REF] Currently, two definitions for IFG are in use. The WHO and recently the IDF agreed for the range of IFG as a FPG of 6.1 to 6.9 mmol/L, in venous plasma sample using laboratory-based methods. [START_REF]report of a WHO/IDF consultation[END_REF] However, ADA still recommends a range of 5.6 to 6.9 mmol/L as IFG [Table1]. [START_REF] Nichols | Progression from newly acquired impaired fasting glycaemia to type 2 diabetes[END_REF] FPG (mmol/L) 2-hr plasma glucose in OGTT (mmol/L) IFG WHO/IDF: 6.1-6.9 ADA : 5.6 -6.9 < 7.8 IGT <7.0 7.8 -11.0 We audited the outcome of OGTT performed over a period of one year in patients with FPG concentrations of 5.6 to 6.9 mmol/L to assess the frequency of abnormal glucose tolerance between the two guidelines. Requests from the antenatal clinic were excluded. The 75 g OGTT was performed following an overnight fast. Plasma glucose was measured using a glucose oxidase method on Vitros 950 analyser (Ortho-Clinical Diagnostics, Inc.).The inter-assay coefficient of variation (CV) for glucose was 1.5% and 1.1% at 5.0 mmol/L and 16.0 mmol/L respectively.

We selected patients with FPG concentrations between 5.6 to 6.9 mmol/L and analysed the outcome of the OGTT, as defined by WHO criteria (normal: 2hr plasma glucose <7.8 mmol/L; IGT: 2hr plasma glucose ≥7.8 to11.0 mmol/L; and diabetes: 2hr plasma glucose ≥11.1 mmol/L). Patients were then categorised into three groups, one with FPG 5.6 to 6.9 mmol/L, according to ADA criteria for IFG, and second group with FPG 6.1 to 6.9 mmol/L as in WHO criteria for IFG and a third group with lower cut point of 5.6 to 6.0 mmol/L (the difference between the two criteria). We compared the incidence of IGT and diabetes in these three groups. Data was analysed using The ADA criteria for IFG with a lower cut point of 5.6 mmol/L significantly increases the number of people who have IFG but not IGT/DM. On the other hand, the percentage of people with both IFG and IGT increases with the WHO criteria for IFG with a higher cut point of 6.1 mmol/L.

Several studies have reported that 6.1 mmol/L cut point for FPG, more strongly predicts future diabetes and cardiovascular mortality than 5.6 mmol/L cut point. 5,6 There is not enough data on clinical outcomes of intervention in people with IFG as compared to IGT. It has been argued that for a significantly larger number of people with ADA-defined IFG, who apparently have much lower incidence of IGT, preventive strategies are not cost-effective as there is not enough evidence of benefit. [START_REF]report of a WHO/IDF consultation[END_REF] Therefore, WHO and lately the IDF have recommended that FPG cut point for IFG should remain at 6.1 mmol/L. However, our audit showed that 62% of patients with FPG levels of 5.6 -6.0 mmol/L had abnormal OGTT results. Moreover the incidence of IGT was not significantly different in both lower and higher cut off groups. Interestingly our data shows that 19% of patients with FPG of 5.6-6.0 mmol/L have diabetes.

This was surprising, as the DECODE study [START_REF] Labib | Is fasting glucose sufficient to define diabetes? Epidemiological data from 20 European studies[END_REF] which assessed the data from 20

European trials found that using WHO criteria for IFG (6.1 -6.9 mmol/L), only 29% had IGT and 7% had diabetes. One explanation for the difference could be that the DECODE study had included the general population while our data was collected from patients who had OGTT performed because of additional risk factors. For example, 18% of our subjects were referred from the weight management clinic and also the mean age of our subjects (60 yrs) was higher than that of Decode population (54yrs).

The proportion of individuals with newly diagnosed type 2 diabetes who were obese, has increased from 46% in 1996 to 56% in 2005 7 and there is a growing evidence that type 2 diabetes can be prevented or delayed by life style changes. 8,9 In Diabetes Prevention Program, the incidence of type 2 diabetes was reduced by 58% in people with IGT by life style modification. 9 It is therefore important to identify those who are at high risk for developing diabetes, so that a diabetes prevention strategy can be initiated early. We have observed in our weight management clinic that patients with IGT, are generally very motivated to make healthy changes in their lifestyle to prevent or delay diabetes. Our audit suggests that in individuals at high risk of developing diabetes, the ADA criteria with a lower cut off level of 5.6 mmol/L for FPG would be more appropriate as an indication to proceed with OGTT. 
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 1 Figure 1: The outcome of OGTT in patients with various levels of cutoffs for FPG
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 1 WHO and ADA criteria of IFG and IGT
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  We collected laboratory data on OGTT performed between 1 st January 2008 and 31 st December 2008, at Russells Hall Hospital, Dudley which is a district general hospital serving approximately 350,000 predominantly White Caucasian population. This included requests from General Practitioners and hospital outpatients on patients who had risk factors for developing diabetes such as obesity, metabolic syndrome, and a family history of diabetes.
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 2 The outcome of OGTT in patients with various levels of cutoffs for FPG:

	GraphPad Instat version 3.00 for Windows 95 (GraphPad Software, San
	Diego, USA).
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