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2.

EXECUTIVE SUMMARY

2.1

Background

Type 2 diabetes is associated with significant clinical and social consequences. The
National Institute for Health and Clinical Excellence has been asked by the
Department of Health to develop public health guidance on the prevention of type 2
diabetes among high-risk groups. The referral is divided into two separate pieces of
guidance. The first addresses the prevention of pre-diabetes (raised and impaired
glucose levels) in populations and communities of high risk adults using community
based interventions. The second piece of guidance will address how to prevent the
progression from pre-diabetes to type 2 diabetes. To inform development of this
second piece of guidance, four reviews of international evidence will be carried out
that address the prevention of progression to type 2 diabetes as well as a health
economic / modelling review. This document reports on the first of these reviews. It
focuses on the effectiveness and cost-effectiveness of strategies and tools designed
to identify individuals at risk for pre-diabetes.
Type 2 diabetes has a long preclinical phase, with the condition remaining
undiagnosed for many years in a significant number of cases (Woolthius et al 2007).
A group of conditions defined by blood glucose levels that fall between normal and
those defining type 2 diabetes are typically known as Impaired Fasting Glucose (IFG)
and Impaired Glucose tolerance (IGT) or collectively as ‗pre-diabetes‘.
Impaired Glucose Tolerance (IGT) is defined as a fasting plasma glucose of
<7.0mmol/l (126mg/dl) if measured, and a 2–hour plasma glucose (Venous plasma
glucose 2–h after ingestion of 75g oral glucose load) ≥7.8 and <11.1mmol/l
(140mg/dl and 200mg/dl) (WHO 2003).
Impaired Fasting Glucose (IFG) is defined as a fasting plasma glucose 6.1 to
6.9mmol/l (110mg/dl to 125mg/dl) (if measured) and 2–h plasma glucose <7.8mmol/l
(140mg/dl) (WHO 2003).
In 1999 WHO adapted the recommended definition of Impaired Fasting Glucose
(IFG) originally introduced by the ADA Expert Committee (2007). IFG thus describes
the zone between the upper limit of normal fasting plasma glucose and the lower limit
of the diabetic fasting plasma glucose, believed to be analogous to between the
upper limit of normal 2–h plasma glucose and the lower limit of the diabetic 2–h
plasma glucose described by IGT.
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An additional statement has been released by WHO (2011) recently that allows the
diagnosis of type 2 diabetes to be made using the HbA1c blood test at a cut point of
5.6%. There was no statement regarding the diagnosis of IFG or IGT using HbA1c
due to insufficient evidence. This statement was made after the publication of the
included studies in this review.
IGT and IFG are risk factors for future diabetes and/or adverse outcomes rather than
a clinical entity. Studies suggest that IGT is associated with muscle insulin resistance
and defective insulin secretion, resulting in less efficient disposal of the glucose load
during OGTT. IFG is associated with impaired insulin secretion and impaired
suppression of hepatic glucose output (WHO 2006)
It is recognised that the term ‗pre-diabetes‘ is not ideal, as not everyone with raised
or impaired blood glucose levels will go on to develop type 2 diabetes. However, the
term ‗pre-diabetes‘ has been chosen because of its widespread use and recognition
by a broad range of stakeholder groups and because of the lack of consensus on a
suitable alternative.
The terms ‗risk assessment‘ and ‗risk reduction‘ are used in preference to the term
‗screening‘. Screening terminology tends to imply that results are either positive or
negative and that it is possible to place all individuals into categories of low and high
risk with only those at high risk requiring further intervention. ―Risk assessment‖
implies an individualised approach that takes into account individual risk factors. In
relation to type 2 diabetes, risk lies on a continuum according to known risk factors,
many of which also present on the continuum of risk for other conditions, such as
CVD (UK NSC 2008). Many individuals with risk factors will still be at high risk of
developing diabetes in the future even if their glucose tolerance is currently still in the
normal range. A person is therefore never totally risk-free, and prior to a diagnosis of
type 2 diabetes can move either way on the continuum. Risk reduction is the aim of
health promotion advice, which needs to be communicated according to a person‘s
perception of their own risk as well as formally assessed risk.
A number of large studies have been carried out internationally that aim to identify
effective interventions to delay or prevent development of type 2 diabetes in
individuals at high risk. Such interventions require an effective method to identify at
risk individuals. In order to meet this requirement for effective methods to identify
those at high risk, a range of identification and risk assessment methods have been
developed building on methods developed initially to screen for Type 2 diabetes.
Tools and tests used to identify individuals with type 2 diabetes will also identify
those with pre-diabetes since the risk factors and diagnostic tests are essentially the
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same and the diagnoses of ‗pre-diabetes‘ or ‗diabetes‘ represent clinically and
epidemiologically defined cut-offs on a continuous spectrum of hyperglycaemia and
impaired glucose tolerance.
It is increasingly accepted that testing for pre-diabetes in those most at risk is an
important step in preventing progression to type 2 diabetes. This may provide an
appropriate time to intervene with behaviour change advice when progression to
clinical diabetes can still be prevented.
2.2

Aims and Objectives

The aim of this first review was to undertake an assessment of the evidence for the
relative performance and costs of strategies and tools designed to identify individuals
at high risk of progression to diabetes due to the presence of pre-diabetes. The
review focuses on risk assessment and identification strategies as well as the
barriers and facilitators to such strategies. The objectives were to assess and
synthesise evidence pertaining to each of the three steps that can occur in risk
assessment strategies, the use of demographic information, risk score tools as well
as diagnostic tools. Evidence from included studies that addresses response rates,
acceptability, yield and costs of both risk assessment and diagnostic testing will also
be reported where evidence is available.
Review Question:
What is the evidence for the effectiveness and cost-effectiveness of methods
to identify adults with pre-diabetes, especially the evidence for how to increase
identification and the uptake of risk assessment in high-risk groups?
2.3

Methods

A systematic review of evidence of effectiveness to address the above review
question has been undertaken. A search strategy was developed and carried out in a
number of databases (see Appendix 3) to identify literature from 1998-August 2010
relating to the review question. Keywords were used from an initial search
(undertaken in July 2010) to develop a more refined search for Review 1.
References were scrutinised at title and abstract stage for inclusion / exclusion (see
Section 4). Papers were included if the study assessed the utility of identification and
risk assessment in adults at risk of, but with no diagnosis of type 2 diabetes, using a
range of strategies. Most had been evaluated in terms of their sensitivity and
specificity, and some also reported positive and negative predictive values and Area
under the curve. The review does not include studies that assess clinical assessment
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of insulin resistance or prediction of the progression of pre-diabetes to type 2
diabetes. Studies that focussed on the identification of type 2 diabetes only were
excluded.
Papers were retrieved at full title if, from the abstract it was clear that they met the
criteria (i.e. included sensitivity and specificity as well as other outcomes such as
positive predictive value) or possible that they required further assessment.
Data were extracted from included studies using a piloted template, and all papers
were assessed for quality using a tool developed for a previous NICE work reviewing
a range of risk assessment tools. Data that related to efficacy, uptake, acceptability
and costs as well as barriers and facilitators to implementation were extracted where
available.
2.4

Results

From an initial total of 2828 references generated from an overarching search and a
more focussed search carried out between August and September 2010, as well as
reference list checks, 29 papers of varying study type and quality met the inclusion
criteria for the review of strategies for identification and risk assessment for prediabetes.
The quality of papers was moderate, with 2 papers rated as very good (++), 24 as
good (+) and 3 as poor (-).
Two papers assessed the use of routine demographic data found in practice records
as an approach for identifying patients that might be at risk for pre-diabetes. Two
studies assessed the use of a validated score derived from such records. Seven
studies evaluated risk assessment scores using a questionnaire. Eighteen studies
assessed a range of strategies using blood glucose indicators, including non-fasting
methods (6), fasting plasma glucose (2), HbA1c alone (4), comparison of HbA1c with
non-fasting blood glucose measures (1), comparison of HbA1c with fasting blood
glucose measures (7), combination of HbA1c and fasting blood glucose measures
(3), and stepped strategies using at least two approaches (6). Nine studies reported
on study response rates.
Risk assessment strategies were carried out through 3 main stages, the use of
routine medical data, questionnaire type risk scores and blood glucose indicator
tests. Comparisons between and combinations of individual measures were
assessed. The results section reflects the complexity of the range of assessments
available in the included literature.
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Risk assessment was carried out in either the general population, or a study
population. Some populations were randomly selected whilst others were targeted
following initial risk assessment. The performance of each strategy was calculated for
a range of cut points, with an optimal cut point identified. Optimal cut points were
reported as those where the trade off between sensitivity and specificity was minimal.
Variations in optimal cut point were typically due to variations in population
characteristics.
Risk for pre-diabetes as well as type 2 diabetes can be assessed using data
recorded in the medical records, which are mainly now computerised. This strategy
requires no input from the participant at the identification stage since the data is
readily available. However, optimum performance is dependant upon accurate and
comprehensive recording of data that is associated with high risk, such as BMI.
Misclassification of data was an issue in 20% of cases in one study.
Medical data can also be used to develop a risk score, such as the validated
Cambridge Risk Score (CRS) in the UK. This strategy measures risk as well as
identifying those characteristics associated with risk. Again the strategy relies upon
accurate recording of data. Two studies assessed the CRS, one in the UK and one in
Denmark. The UK study found no benefit compared to assessing BMI alone, though
the population were all 45 years old, therefore with relatively low risk. The Danish
study identified 42% of adult participants with impaired glucose regulation, at a higher
cut point than the UK study.
Questionnaire based risk scores require more input from participants than medical
record generated scores. This could mean that more time is required to implement
and supervise questionnaire completion. A number of questionnaires are assessed in
the literature. The FINDRISC tool was evaluated in four different populations, each
one having a different optimal cut point. A shortened German version provided the
largest Area under the Curve at cut point 12 than the Italian and Finnish versions at
cut point 9 and 11 respectively. The Finnish version provided the highest positive
predictive value. The Leicester Risk Assessment score was developed for a UK
multi-ethnic population and provided a PPV of 27.7% at cut point 16.

Seven papers described non-fasting approaches to blood glucose indication. Point of
Care testing was found to underestimate the true blood glucose levels in one study
with a Maori population. Random Capillary Blood Glucose testing was found to have
different optimal cut points for detection of IGT compared to IFG with similar
sensitivity and specificities. Assessment of a non-fasting, 50g 1 hr Glucose
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Challenge Test (GCT) in the US showed a superior AuC to HbA1c, the random
plasma glucose test (RPG) and the fasting plasma glucose test (FPG) for detection
of pre-diabetes. The test was claimed to be relatively inexpensive. There was
insufficient evidence to assess SAGE and Fructosamine indicators.

Eight studies compared fasting blood glucose testing with HbA1c for identification of
pre-diabetes. In Japan, there were differences in optimal cut off points by sex for the
FPG whilst performance of the HbA1c differed by age in respect to specificity. In one
US study, the sensitivity of FPG and HbA1c in detecting IGT was influenced by age
and BMI. One study performed in China concluded that the simultaneous
measurement of FPG and HbA1c might be a more sensitive and specific screening
tool for identifying high-risk individuals with diabetes and IGT at an early stage, whilst
another in the same country concluded that, as a mass screening tool, a Fasting
Capillary Glucose test performed better than the Hba1c test in the general Chinese
population. In an Italian study, the authors concluded that whilst FPG and HbA1c
alone do not identify IGT particularly well, the combined use of HbA1C (threshold
5.5%) and FPG (threshold 6.1 mmol/l) improves the sensitivity of risk assessment of
individuals with IGT.
Three studies assessed the use of different cut points for FPG and four assessed
HbA1c alone. In a UK multi-ethnic population, the HbA1c optimal cut point was lower
for White Europeans than south Asians, resulting in better identification of IGT in the
latter group.
Six studies assessed multi-component or stepped strategies that included a risk
calculation and at least one blood indicator test. Overall, the highest sensitivity and
specificity was attained in one study by combining HbA1c, FPG and various
combinations of other risk factors such as age, systolic blood pressure and waist
circumference. In this study sensitivity ranged from 79% to 83% and specificity
ranged from 74% to 76%.
Response rates were discussed in nine of the 29 included papers. Response was
reported to differ by age, ethnicity, gender and socio-economic circumstances. Some
suggestions to improve response to risk assessment programmes included follow-up
calls and providing specific appointments. Uptake for diagnostic testing could be
improved through raising awareness during consultations.
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2.5.

Discussion

The aim of this review was to assess the evidence for the effectiveness, and where
available, cost-effectiveness of methods for identifying adults with pre-diabetes, and
how to increase identification and the uptake of risk assessment in high-risk groups.
Papers assessed the use of routine demographic data found in practice records as
an approach for identifying patients that might be at risk for pre-diabetes, the use of
routine data to provide a risk score, and questionnaire based risk scores. In addition,
a range of blood glucose measures was assessed in at risk and general populations
as compared to the OGTT. Comparisons were made between fasting and nonfasting tests, and stepped strategies that included risk assessment as well as blood
glucose indicators were assessed.
The studies were heterogeneous in study design, population, prevalence of prediabetes, and aims, therefore pooling of data was not deemed appropriate. The
results of this review highlight the complexity of risk assessment, and in particular,
blood glucose measures that are available for identifying those at risk of prediabetes. There was very little useful evidence within the papers on costs, or on how
to increase uptake in at risk groups.
There was evidence that use of medical records may be a useful start to the
identification process, provided that risk factors such as BMI are recorded accurately
and that records are regularly up-dated. The Cambridge Risk score took this method
a step further by applying a score to risk data. Implementation of questionnaire based
risk scores requires adequate resource. However, more information can be obtained
using this method. The FINDRISC was more specific for women than men. A
shortened 8-item version developed for the German population gave a higher
sensitivity, specificity and AuC than the original. In the UK, a version that targeted a
lay multi-ethnic population showed a PPV of 27.7%. Other risk scores have been
developed in the US and Denmark. One US version was more specific than the
Italian FINDRISC based score.
Improved uptake for risk assessment may occur when participants are followed up by
telephone and specific appointments are made within the invitation letter. Low
responses were reported in ethnic minority, younger, and unskilled manual
populations. Returning for blood testing may be encouraged by discussion of risk
during consultations with general practitioners.
It is acknowledged that papers are available that describe other tools, such as the
QRISK, developed for assessing cardiovascular risk (Hippisley - Cox et al 2009).
However, we did not identify papers describing such tools that met the inclusion
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criteria for this review, i.e. papers that present an evaluation in terms of detecting
pre-diabetes.
A range of non-fasting blood glucose measures gave PPVs of less than 50%.
Prevalence of pre-diabetes was high in all the studies. HbA1c was assessed in five
studies including the UK. Specificity increased with a rise in cut point and PPV was
around 50% in all the studies. Compared to fasting blood glucose, a PPV of 79% was
achieved at a cut point of 6.0% in a German high risk population. A similar PPV was
found in the same study when combining the two tests. A combination of FPG and
HbA1c following risk assessment for BMI gave the highest specificity (98%).
In blood glucose test studies, improved responses may occur in trial and other study
populations. Acceptability of the test was also discussed as a motivation, particularly
in terms of time required. European males responded least well in one stepped
programme, and in another, the women who did not attend had a high rate of
morbidity and mortality, though not related to diabetes.
Six studies assessed stepped strategies that commenced with risk assessment. All
six studies reported high specificity, though one study reported a higher specificity for
the HbA1c alone at a cut point of 6.0% or more.
It appears that a stepped strategy might be useful in terms of identifying risk prior to
blood testing, so that resources may be focussed on those at risk. The risk of false
positive is reduced by this process and it may be more acceptable to participants to
adapt gradually to a potential diagnosis (Eborall et al 2007).
As fasting blood glucose measures and HbA1c use different techniques and are
measuring different aspects of blood glucose level, there remains uncertainty around
whether these two tests should be carried out together rather than alone.
Since this review was initiated, an addendum to the WHO recommendations
Definition and diagnosis of diabetes mellitus and intermediate hyperglycemia (2006)
has been published in relation to the use of HbA1c for diagnostic purposes. Evidence
for the use of HbA1c to diagnose pre-diabetes is inconclusive. However, given that a
diagnosis of diabetes can be made at a cut point of 6.5%, previous suggestions of a
cut point of HbA1c ≥ 6.5% to diagnose diabetes (or pre-diabetes) will need to be reevaluated.
The applicability of findings to UK settings is variable since assessments have taken
place internationally. In particular, health care delivery will differ from that in the UK.
In addition, populations included in the studies vary in terms of risk profile.

13

Preventing progression of pre-diabetes to type 2 diabetes in adults

2.6

Conclusion

A range of risk assessment tools and blood glucose indicators are available for the
identification of pre-diabetes in individuals. Findings from international studies
provide multiple combinations of assessment tools and indicators for use in a range
of settings, with general and at risk populations, at a number of optimal cut points.
However a strategy that assesses initial risk followed by diagnostic testing appears to
have acceptable specificity. Response rates indicate that some groups are less likely
to attend for risk assessment and testing. A number of strategies are available to
increase uptake, mainly based on improved communication.

2.7

Evidence statements

The following evidence statements result from a synthesis of available evidence and
are presented by type of strategy. The evidence statements will be repeated in
section 6 alongside the relevant narrative synthesis of included studies.

Evidence statement 1:
Approaches to identification based on demographic and routine data
There was moderate evidence [+] from two observational studies of the usefulness
of demographic data from routine medical recording systems in identifying people at
risk of Impaired Fasting Glucose (IFG) (Greaves et al 2004 UK +; Woolthuis et al
2007 Netherlands +).
The studies were carried out with mainly Caucasian patient populations and used
data on characteristics associated with diabetes risk. Greaves et al (2004 UK +)
reported an overall uptake rate of 61% (95% CI 55.7-65.6) from 15 practices. There
was no reported response bias associated with age or gender. BMI data was
available in 76.8% (95% CI 71.7 – 81.9) of cases. There was data misclassification in
20% of these cases. Of the 199 participants with abnormal blood glucose, 100%
attended for a follow up blood test.
Woolthuis et al (2007 Netherlands +) reported that the Electronic Medical Record
(EMR) with additional risk assessment was successful in identifying risk in 28% of the
total population from 11 general practices.
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Evidence statement 2:
Barriers and facilitators to identification based on demographic and routine
data
There was moderate evidence [+] from two observational studies (Greaves et al 2004
UK +; Woolthuis et al 2007 Netherlands +) that barriers to using routine data for
identification of pre-diabetes risk are inconsistent and inaccurate record keeping. In
particular, data referring to obesity and family medical history was often missing,
requiring that the practitioner complete the records during patient visits.

ES 1 / 2 Applicability Rating:
These studies are directly applicable to the UK context, with one being based in the
UK. One study was based in the Netherlands. Both studies sampled from general
practice populations, though the majority of the samples were Caucasian. Feasibility
of the strategy is good since the aim is utilisation of available data.

Evidence statement 3:
Approaches to identification based on validated scores for demographic and
routine data
There was moderate evidence [+] from two studies for the relative performance of the
Cambridge Risk Score (Thomas et al 2006 UK +; Heldegaard et al 2006 Denmark +).
One UK evaluation (Thomas et al 2006 UK +) utilised a survey sample of 45 year old
individuals. Of the 84% of the respondents that received an HbA1c measurement,
3% were identified as having HbA1c ≥ 6.0%. The Cambridge Risk Score at a cut off
≥ 0.128 was reported to have sensitivity of 78.2%, specificity 63.9%, PPV 6.4% (no
NPV reported), and Area under the Curve 0.76 for identifying hyperglycaemia
(HbA1c ≥ 6.0%). A total of 22.6% of the sample were identified as at risk for diabetes
compared to BMI alone which identified 23.7%.
An evaluation of the CRS in a general practice population (Heldegaard et al 2006
Denmark +) with a 69% response rate to the initial questionnaire found that 42% of
the sample had Impaired Glucose Regulation (IFG and / or IGT) based on
assessment of high risk. An optimal cut off of ≥ 0.246 on the risk score gave
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sensitivity 47.1%, specificity 83.9%, PPV 29.8%, NPV 91.6%, Area under the Curve
0.74.

Evidence statement 4:
Barriers and facilitators to identification based on validated scores for
demographic and routine data
There was moderate evidence [+] from one Danish study (Heldegaard et al 2006
Denmark +) that validated scores developed from demographic and routine data
(such as the Cambridge Risk Score) was a convenient method of identifying high risk
individuals. This method does not require a questionnaire to be completed by
patients.

ES 3 / 4 Applicability Rating:
These studies are partially applicable to the UK context, with one being based on a
UK survey focussing on mid-life women. One study was carried out in a Danish
general practice population; characteristics of the sample were not reported.
Feasibility of the strategy is good as the risk score was developed in the UK and was
designed for use with available data. However, applicability to specific populations
other than midlife women cannot be assessed.

Evidence statement 5:
Questionnaire Risk Scores for the identification of pre-diabetes based on
FINDRISC
There was strong evidence [++; +] from four studies (Franciosi et al 2005 Italy +;
Saaristo et al 2005 Finland ++; Schwarz et al 2007 Finland +; Gray et al 2010 UK +)
of the FINDRISC score.
The Italian Diabetes Risk Score, adapted for a CVD risk population, had a 77%
specificity, 45% specificity at cut point 9 for identifying diabetes or IGT, with PPV
48%, AuC 0.67 (Franciosi et al 2005 Italy +).
The 8-item FINDRISC score (Saaristo et al 2005 Finland ++) with a maximum score
of 26 was more sensitive and specific at cut point 11 for women than for men in a
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general population survey for identifying Abnormal Glucose Tolerance (IFG / IGT).
The PPV was higher for men (65.9 at cut point 11 compared to 45.2 for women)
The NPV was correspondingly lower in men (57.7 compared to 72.4). AuC was 0.65
in men and 0.66 in women.
A shortened German version (Schwarz et al 2007 Finland +) with maximum score
of 23 was more sensitive and specific at cut point 12 than the Finnish version at
identifying IFG / IGT in a population with a family history of T2DM. There was
evidence of good association between progressively higher scores and disease
progression (P<0.01). 1996 data produced an optimal cut off point of 12 with 77.5%
sensitivity and 67.8% specificity, PPV 19.7% and NPV 96.8%, AuC 0.78. 1997 data
produced an optimal cut point of 9, with sensitivity 72.7%, specificity 68.2%, PPV
29.4 and NPV 88.1, AuC 0.74.
In the UK, the Leicester Risk Assessment (LRA) with a maximum score of 47 aimed
at identification of Impaired Glucose Regulation / T2DM in a lay multi-ethnic
population. A sensitivity of 72.1% and specificity 54.1% at cut point 16 was
reported, with a PPV of 27.7% and an NPV of 88.8%. AuC was not reported. (Gray
et al 2010 UK +).

ES 5 Applicability Rating:
These studies are partially applicable to the UK context, with one being based in the
UK and focussing on multi-ethnic populations. The other three were carried out in EU
populations. Feasibility of the LSA is good as the risk score was developed in the UK,
though for a specific at risk population. Two studies were carried out in European
countries, with one adapting the score for an at risk population. Applicability of the
FINDRISC may depend upon adaptation to the target population.

Evidence statement 6:
Questionnaire based Risk Scores for the identification of pre-diabetes
There was moderate [+] evidence from three studies (Heikes et al 2008 US +;
Glumer et al 2004 Denmark +; Rolka et al 2001 US +) relating to questionnaire based
risk scores.
In one US population survey study (Heikes et al 2008 US +) the US Diabetes Risk
Calculator at cut point 0.254 had a similar sensitivity (75%) but higher specificity
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(65%) for identifying IFG / IGT as the Italian Diabetes Risk Calculator (77% and 45%
respectively; Franciosi 2005 Italy +) at a cut point of 9 for identifying glucose
abnormalities. PPVs were similar at 49% and 48% respectively. NPVs were 85% and
76% respectively.
The Danish Diabetes Risk Score (Glumer et al 2004 Denmark +) at cut point 31 and
with 50% uptake had sensitivities between 45.2% and 47.8% across the two study
groups and pilot. No other data for identifying IGT was given. The 7 item ADA
questionnaire at cut point ≥10 gave a maximum specificity of 54% for dysglycaemia
in a general US population (Rolka et al 2001 US +).

Evidence statement 7:
Barriers and facilitators to the use of questionnaire based Risk Scores for the
identification of pre-diabetes
There was strong evidence [++] to suggest that requesting that patients complete a
questionnaire based risk score may require someone to supervise the process. Such
supervision has an impact on available resources. (Saaristo et al 2005 Finland ++).

ES 6 / 7 Applicability Rating:
These studies are less applicable to the UK context, with none being based in the
UK. Implications of feasibility within the UK health service compared with, in
particular, the US are therefore a consideration. However, all the studies were carried
out in OECD countries.
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Evidence statement 8:
Blood Glucose Indicators for identification of pre-diabetes: Non-fasting
methods
Moderate evidence was found from six studies (+; -) (Simmons 2004 New Zealand +;
Zhou 2010 China +; Rush 2008 US -; Somanavaar 2009 India +; Rolka 2001 US +;
Phillips 2009 US +) that random or capillary blood testing alone to identify those at
risk of pre-diabetes using a range of optimal cut points (5.6mmol/l to ≥7.8 mmol/l)
had a sensitivity of between 24% and 64.6%. Specificity ranged from 59% to 97%. A
specificity of 97% was reported by one study (Rolka 2001 US +) using a cut point of
7.8 mmol/l, and 94% was in another study (Rush 2008 US -) with an at risk Maori
population. Sensitivities however were less than 50% in both cases.
The 1 hour oral glucose tolerance test was assessed in one general population study
(Phillips et al US +). At cut off 7.8 mmol/l, reported sensitivity and specificity was 73%
and 68% respectively with PPV 34%, NPV 92%, and AuC 0.73.
There was insufficient evidence from one study [-] of the general population
(Maynard et al 2007 US -) relating to the use of a non-invasive blood glucose
indicator technique (spectroscopic measurement of dermal advanced glycation end
products - SAGE) which showed a sensitivity of 68%, with no further information
provided.

ES 8 Applicability Rating:
These studies are not directly applicable to the UK context, with none being based in
the UK, or European countries. The implications of feasibility within the UK health
service compared with, in particular, the US and India therefore requires
consideration. The targeted populations in these studies may also differ in
prevalence of pre-diabetes to those in UK and also to those in general practice.
However, feasibility of non-fasting methods may be high in general practice
compared to fasting methods.
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Evidence statement 9:
Blood Glucose Indicators for identification of pre-diabetes: Fructosamine
There was insufficient evidence to determine the effect of fructosamine alone. One [-]
study from Poland (Herdzik 2002 -) using fructosamine alone at a cut point of 247
µmol/l produced sensitivity and specificity for identifying those at risk of pre-diabetes
of 58.3% and 83.6%.

ES 9 Applicability Rating:
This study is not partially applicable to the UK context, being based in Poland where
the characteristics of health service delivery may be different from those in the UK.

Evidence statement 10:
Studies assessing Fasting Plasma Glucose
There was moderate evidence [+] from two studies (Guerreo-Romero 2006 Mexico +;
Mannucci et al 2003 Italy +) relating to the use of FPG measures.

One study (Guerreo-Romero 2006 Mexico +) reported that for the identification of
impaired glucose tolerance (IGT), lowering the criterion for normal fasting plasma
glucose (FPG) to 5.6 mmol /l from 6.1 – 6.9 mmol/l increased the sensitivity from
32.9% to 82%, but lowered specificity from 82.7 to 64.2%, with a related increase in
PPV from 31% to 37.5%.

At a cut point of 6.1mmol/l, one study (Mannucci et al 2003 Italy +) reported different
sensitivity and specificity for men and women when identifying IGT (sensitivity 40.9%
and 29.0% respectively; specificity 25.0% and 18.0%). PPV and NPV were not
reported.

ES 10 Applicability Rating:
These studies are partially applicable to the UK context, with one being carried out in
Mexico where the target population and the health care system is very different from
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the UK. One study was carried out in Italy which may differ from the UK in terms of
health care delivery, but the target population is characteristically similar.

Evidence statement 11:
Studies assessing HbA1c alone
There was strong evidence [+] from four studies (Mostafa et al 2010 UK ++; Zhou et
al 2009 China +; Mohan et al 2010 India +; Luders et al 2005 Germany +) relating to
the performance of HbA1c.
In one UK study population, two Asian general population studies and one German
high risk population HbA1c alone at a range of optimal cut off points (5.6% - 6.4%)
were reported to give sensitivities of between 39% and 65.6% and specificities 56.5%
- 84%.
Lower sensitivities and higher specificities were associated with higher cut points.
The highest specificity (84%) and PPV (79%) for the highest cut point (6.0%) were
obtained in a German population at high risk (hypertensive). One UK study (Mostafa
et al 2010 ++) found that the optimal cut point and corresponding specificity was
higher in south Asian groups than in white Europeans for detection of IGR (PPV
50%). A sensitivity of 65.1%, specificity 63.4% was obtained using the ADA criterion
for identification of IFG (cut point 5.6%) in an Indian general population (Mohan et al
2010 India +). However the PPV was only 8.0% as the sample identified with IFG
was very small.
Since these studies were published, WHO (2011) have issued a statement that
HbA1c at cut point 6.5% can be used, in optimal conditions, to diagnose type 2
diabetes.

ES 11 Applicability Rating:
These studies are partially applicable to the UK context, with one study being carried
out in the UK. One study was carried out in a German general practice which may
differ from the UK in terms of health care delivery, but the target population is
characteristically similar. Two studies were carried out in Asia. Feasibility of the test
is high with no requirement for fasting.
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Evidence statement 12:
Studies comparing non-fasting capillary blood glucose indicators to HbA1c
There was moderate evidence [+] from one general population study (Zhou et al
2010 China +) that HbA1c at cut point ≥ 5.6 mmol/l had a very low sensitivity for men
and women (4.5% and 5.7%) respectively in a sample with 29.5 % prevalence of prediabetes compared to Capillary Glucose measurements at cut point ≥6.0 mmol/l
(66.3%) in a sample with 22.4% prevalence. However the PPV for HbA1c was 50.3%
for men and 46.7% for women.
Since this study was published, WHO (2011) have issued a statement that HbA1c at
cut point 6.5% can be used, in optimal conditions, to diagnose type 2 diabetes.

ES 12 Applicability Rating:
This study is not applicable to the UK context, being carried out in Eastern Asia
where the health care system and the target population differ from the UK.

Evidence statement 13:
Studies comparing Fasting Blood Glucose (Fasting Capillary Glucose / Fasting
Plasma Glucose) and HbA1c tests
Moderate evidence was available from seven studies [+; -] that compared fasting
glucose testing with HbA1c (Herdzik et al 2002 Poland -; Simmons 2004 New
Zealand +; Hu et al 2009 China +; Gomyo 2004 Japan +; Saydah 2002 US +; Luders
2005 Germany +; Colagiuri 2004 Australia +). All fasting blood measures were taken
from plasma apart from one study (Herdzik et al 2002 Poland -) that measured
capillary blood.
In six studies of high risk populations, FCG / FPG with cut points ranging from 5.5
mmol/l to 6.1 mmol/l and HbA1c cut points ranging from 5.3% to 6.1% (Herdzik et al
2002 Poland -; Hu et al 2009 China +; Gomyo et al 2004 Japan +; Saydah et al 2002
US +; Luders et al 2005 Germany +), the highest sensitivity was for the FPG in a
Japanese trial population (69%) using a cut point of 5.7mmol/l (Gomyo et al 2004 +).
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The highest specificity was 99% (obtained via capillary testing applying a low cut
point of 5.5mmol/l; Herdzik et al 2002 Poland -), and with plasma testing at cut point
6.1mmol/l following risk assessment (100%).

The highest positive predictive value was 79% (NPV 66%) for HbA1c at a cut point of
6.0% in a German high risk population (Luders et al 2005 Germany +). Sensitivity
and specificity were 58% and 84% with AuC 0.614.

Two studies carried out in the general population (Simmons 2004 + New Zealand +;
Colagiuri et al 2004 Australia +), using cut points ≥ 5.3 mmol/l and 6.1 mmol/l for
FPG and 5.3% for HbA1c reported that sensitivity was 66.3% and 50.9% (Simmons
2004 New Zealand +) and 34.6% and 42.0% (Colagiuri et al 2004 Australia +).
PPV was 36.8% for FPG and 46.6% for HbA1c, with an AuC of 0.88 and 0.68, with
specificity and NPV not report (Simmons 2004 + New Zealand +). In Colagiuri et al
(2004 Australia +), PPV was 45.5%, NPV 100% for FPG, with PPV 43.2% for HbA1c.
NPV and AuC were not reported.
Since these studies were published, WHO (2011) have issued a statement that
HbA1c at cut point 6.5% can be used, in optimal conditions, to diagnose type 2
diabetes.

ES 13 Applicability Rating:
Six of these studies are partially applicable to the UK context, having been carried
out in OECD countries. However, health care delivery and prevalence for prediabetes may differ from the UK, particularly in the Maori and US populations. One
study was carried out in China, where the characteristics of the health care system
and the target population may be very different from the UK.
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Evidence statement 14:
Studies assessing a combination of fasting blood glucose indicators and
HbA1c
Moderate evidence was found [+] in three studies that assessed the combined
performances of Fasting Blood Glucose and HbA1c indicators in high risk
populations (Hu et al 2009 China +; Luders et al 2005 Germany +; Coligiuri et al
2004 Australia +).
Sensitivity and PPV were highest (61%, 78%) with a combination of FPG cut point
6.1mmol/l and HbA1c 6.0% (Luders et al 2005 Germany +). Specificities were high in
all three studies (>78%), though not as high as for HbA1c alone in one study (Luders
et al 2005 Germany +). The highest specificity (88.4%) was obtained following
assessment of risk factors in a stepped strategy (Coligiuri et al 2004 Australia +).
It may therefore be beneficial to combine tests in a staged strategy.
Since these studies were published, WHO (2011) have issued a statement that
HbA1c at cut point 6.5% can be used, in optimal conditions, to diagnose type 2
diabetes.

ES 14 Applicability Rating:
Two of these studies are partially applicable to the UK context, having been carried
out in OECD countries. However, health care delivery and prevalence for prediabetes may differ from the UK. One study was carried out in China, where the
characteristics of the health care system and the target population may be very
different from the UK.

Evidence statement 15:
Stepped / multi-component strategies
Moderate to good evidence [+; ++] was found from six studies of multi-component /
staged strategies to identify IGT / IFG (Colagiuri et al 2004 +; Franciosi et al 2005 +;
Lidfelt et al 2001+; Luders et al 2005 +; Rolka et al 2001 +; Simmons et al 2004+).
Three studies were carried out in at risk populations (Lidfelt et al 2001 Sweden +;
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Luders et al 2005 Germany +; Franciosi et al 2005 Italy +). All six studies utilised
assessment of risk prior to evaluation of one or more blood glucose indicators. A
combination of FPG cut point 6.1 mmol/l, HbA1c cut point 6.0% and risk assessment
for age gave a sensitivity of 82%, specificity 76%, PPV 79% in one study (Luders et
al 2005 Germany +). This compares to sensitivity 58%, specificity 84% for HbA1c
alone (≥ 6% cut point) and 62%, 57% for FPG alone (6.1mmol/l cut point).
Franciosi et al (2005 Italy +) reported increased specificity (65% at cut point
≥5.6mmol/l and 84% at cut point ≥6.1mmol/l) with the addition of the Diabetes Risk
Score to FBG compared to the risk score (45% at cut point 9) or FBG alone (44% at
cut point ≥5.6mmol, 75% at cut point ≥6.1mmol/l). PPV was highest (69%) for the
FBG at ≥6.1mmol/l and the risk score, with NPV 74%. AuC was not reported for this
combination.
Rolka et al (2001 US +) reported similar specificity for the addition of the ADA
questionnaire (94-5%) to capillary blood glucose testing at cut point 7.8 mmol/l (967%), which was higher than that for the ADA questionnaire alone (51-4%) at cut point
≥ 10. Sensitivity reduced with each stage, from 72-8% for the questionnaire alone, to
28-41% and 32-45% for the CBG and the CBG with the questionnaire. PPV, NPV
and AuC were not reported.
Since these studies were published, WHO (2011) have issued a statement that
HbA1c at cut point 6.5% can be used, in optimal conditions, to diagnose type 2
diabetes.

ES 15 Applicability Rating:
All of these studies are partially applicable to the UK context, having been carried out
in OECD countries. The target populations will be relatively similar to those in the UK,
though health systems may vary.
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Evidence statement 16:
Costs of implementation of blood glucose indicator and stepped strategies for
identification of pre-diabetes.
There was moderate evidence [+] from one study Australian stepped study (Colagiuri
et al 2004 +) that costs were $A 8.05 for FPG, $A 14.15 for HbA1c. A return visit to
obtain the result of the blood test was reported as costing $A 25.05; OGTT $A 15.90,
and return final visit to the primary care physician for the result $A 25.05. Total cost
for each person identified with IGT or IFG was reported as $A 260.

ES 16 Applicability Rating:
This study is partially applicable to the UK context, having been carried out in an
OECD country. The target populations will be relatively similar to those in the UK,
though the health system may vary.

Evidence statement 17:
Barriers and facilitators to implementation of blood glucose indicator and
stepped strategies for identification of pre-diabetes.
There was no available evidence within the included studies for barriers or facilitators
to implementation of blood glucose indicator and stepped strategies for identification
of pre-diabetes.

Evidence Statement 18: Uptake
Moderate evidence was found [+;-] from nine studies (Glumer et al Denmark 2004 +;
Gray et al 2010 UK; Mohan et al 2007 India +; Phillips et al 2009 US +; Rush et al
2008 US -; Simmons et al 2004 New Zealand +; Somanavaar 2009 India + ; Thomas
et al 2006 UK +; Zhou et al 2010 China +).
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For risk assessment, response rates ranged between 50% and 89%. The highest
response rate reported was for the Cambridge Risk Score (Thomas et al 2006 UK +),
and the lowest reported was for the Diabetes Risk Score (Glumer et al Denmark
2004 +). In an evaluation of the Leicester Risk Assessment, 22% of the initial South
Asian sample remained in the study following a series of tests including the OGTT.
(Gray et al 2010 UK +).
For blood glucose measures, there was a 52.5% response rate to the first visit for a 1
hour oral glucose tolerance test (Phillips et al 2009 US +). Random / Point of care
testing was reported to have a response rate of 89% (Somanavaar 2009 India +) and
61% (Rush et al 2008 US -)
Response rates for assessment of the HbA1c were reported as 87% (Zhou et al 2010
China +) and 93% (Mohan et al 2007 India +), though the Chinese based study also
included assessment of fasting blood glucose, for which there was a response of
91%.
Simmons et al (2004 New Zealand +) conducted OGTT, fasting blood glucose and
HbA1c measures from one blood sample. The response rate for this visit was 68% in
those aged 40-59 years and 71% in those aged 60-79 years. There were no reported
differences in response between Maori, European and Pacific Islander groups or
between age groups. Response rate was reported to be similar between males and
females apart from in the European group, where males were less likely to respond
(66.5% rate compared to females 73.9%, p=0.012).

ES 18 Applicability Rating:
These studies are partially applicable to the UK context, with two being carried out in
the UK. In the remaining studies, health care delivery and prevalence for prediabetes may differ from the UK. Uptake rates may differ due to a range of factors,
including targeting a study population rather than the general population.
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Evidence statement 19:
Barriers and facilitators to uptake for strategies for identification of prediabetes.
Potential facilitators to increasing uptake were suggested in two studies. Woolthuis et
al (2007 +) found that one facilitator was carrying out risk assessment in a familiar
clinic environment. Greaves et al (2004+) reported that their good uptake rate may
be due to confirmation of appointments and follow-up contact with patients by
telephone.

ES 19 Applicability Rating:
These studies are directly applicable to the UK context, with one being based in the
UK. One study was based in the Netherlands. Both studies sampled from general
practice populations, though the majority of the samples were Caucasian.
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3.

INTRODUCTION

Type 2 diabetes is associated with significant clinical and social consequences. The
National Institute for Health and Clinical Excellence has been asked by the
Department of Health to develop public health guidance on the prevention of type 2
diabetes among high-risk groups. The referral is divided into two separate pieces of
guidance. The first addresses the prevention of pre-diabetes (raised and impaired
glucose levels) in populations and communities of high risk adults using community
based interventions. The second piece of guidance will address how to prevent the
progression from pre-diabetes to type 2 diabetes. To inform development of this
second piece of guidance, four reviews of international evidence will be carried out
that address the prevention of progression to type 2 diabetes as well as a health
economic / modelling review. This document reports on the first of these reviews. It
focuses on the effectiveness and cost-effectiveness of strategies and tools designed
to identify individuals at risk for pre-diabetes.
Type 2 diabetes has a long preclinical phase, with the condition remaining
undiagnosed for many years in a significant number of cases (Woolthius et al 2007).
A group of conditions defined by blood glucose levels that fall between normal and
those defining type 2 diabetes are typically known as Impaired Fasting Glucose (IFG)
and Impaired Glucose tolerance (IGT) or collectively as ‗pre-diabetes‘. It is
recognised that the term ‗pre-diabetes‘ is not ideal, as not everyone with raised or
impaired blood glucose levels will go on to develop type 2 diabetes. However, the
term ‗pre-diabetes‘ has been chosen because of its widespread use and recognition
by a broad range of stakeholder groups and because of the lack of consensus on a
suitable alternative.
The terms ‗risk assessment‘ and ‗risk reduction‘ are used in preference to the term
‗screening‘. Screening terminology tends to imply that results are either positive or
negative and that it is possible to place all individuals into categories of low and high
risk with only those at high risk requiring further intervention. ―Risk assessment‖
implies an individualised approach that takes into account individual risk factors. In
relation to type 2 diabetes, risk lies on a continuum according to known risk factors,
many of which also present on the continuum of risk for other conditions, such as
CVD (UK NSC 2008). Many individuals with risk factors will still be at high risk of
developing diabetes in the future even if their glucose tolerance is currently still in the
normal range. A person is therefore never totally risk-free, and prior to a diagnosis of
type 2 diabetes can move either way on the continuum. Risk reduction is the aim of
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health promotion advice, which needs to be communicated according to a person‘s
perception of their own risk as well as formally assessed risk.
A number of large studies have been carried out internationally that aim to identify
effective interventions to delay or prevent development of type 2 diabetes in
individuals at high risk. Such interventions require an effective method to identify at
risk individuals and to meet this requirement for effective methods to identify those at
high risk a range of identification and risk assessment methods have been developed
building on methods developed initially to screen for Type 2 diabetes. Tools and
tests used to identify individuals with type 2 diabetes will also identify those with prediabetes since the risk factors and diagnostic tests are essentially the same and the
diagnoses of ‗pre-diabetes‘ or ‗diabetes‘ represent clinically and epidemiologically
defined cut-offs on a continuous spectrum of hyperglycaemia and impaired glucose
tolerance.
An additional statement has been released by WHO (2011) recently that allows the
diagnosis of type 2 diabetes to be made using the HbA1c blood test at a cut point of
5.6%. There was no statement regarding the diagnosis of IFG or IGT using HbA1c
due to insufficient evidence. This statement was made after the publication of the
included studies in this review.
Assessment of a person‘s risk for diabetes can be carried out opportunistically, or
through a structured strategy, such as the UK ―Health Check‖ programme. Risk
assessment can be carried out using risk tools, and / or a range of blood tests. Blood
tests are also required for diagnosis; for example the fasting plasma glucose (FPG)
blood test for impaired fasting glucose (IFG) and the Oral Glucose Tolerance Test
(OGTT) for impaired glucose tolerance (IGT). They are also used to diagnose type 2
diabetes. Other blood glucose tests, such as random capillary, fasting capillary, and
HbA1c are being assessed for their utility in both risk assessment and diagnosis of
IFG / IGT (pre-diabetes). Therefore, the risk assessment / diagnosis process can
involve a number of non-invasive and invasive tests in isolation or combination that
may require regular repetition for those presenting with risk factors and / or
symptoms (Williamson & Narayan 2009), since risk is ever-present and blood
glucose levels will represent risk of progression to type 2 diabetes over time.
Evaluating strategies for risk assessment and diagnosis of pre-diabetes involves
comparing the test‘s ability to identify with that of a recognised diagnostic test (such
as the FPG or the OGTT). The OGTT is known as the ‗Gold Standard‘ for identifying
IGT, but has resource and acceptability limitations. Alternatives may be more
acceptable and / or economical, but less reliable (Williamson & Narayan 2009).
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In order to identify an optimal cut off point, a trade off needs to be made between the
sensitivity and specificity of a test. The sensitivity can be defined as the proportion of
people (%) with the disorder who test positive on the test. A highly sensitive test is
unlikely to miss someone who does have pre-diabetes. Specificity can be defined as
the proportion of people (%) who do not have the disorder who test negative on the
test. A highly specific test is unlikely to misclassify someone who does not have prediabetes as having pre-diabetes. The sensitivity and specificity of tests therefore
have ethical implications in regard to the potential mis-diagnosis of persons that do
not in fact have a condition, or the potential missed diagnosis of persons that do have
the condition. In addition, a more sensitive test will identify more cases, and therefore
resources need to be in place to deal with this in terms of follow up and interventions.
Higher cut-off points for risk scores and diagnostic tests will lower sensitivity whilst
improving specificity, while lower cut-off points will have the opposite effect
(Williamson & Narayan 2009).

Whilst it is desirable to have a test that is both highly sensitive and specific this is not
usually possible. The relationship between the two is shown in the receiver operator
characteristic curve (ROC). The true positive rate (sensitivity) is plotted on the y axis
against the false positive rate (1-specificity) over a range of cut-off points. On the
curve, tests that discriminate well crowd toward the upper left corner. Ideally, as
sensitivity increases there is little decrease in specificity until high levels of sensitivity
are reached. Tests that perform no better than chance give a diagonal line. In some
studies, the Area under the Curve (AuC) is also reported. The AUC ranges from 0 to
1, with 0.5 indicating a poor test where the accuracy is equivalent to chance (CRD
2009).
Studies also sometimes report the predictive values of a test. This relates to the
probability that a person has or does not have the disorder given the result of the
test, with the Positive Predictive Value (PPV) being the probability of the disorder in a
person with a positive test result. The Negative Predictive Value (NPV) is the
probability of a person not having the disorder with a negative test result (WHO
2003). To increase the positive predictive value and therefore the number of positives
that are true positives (or yield), assessment of risk would be carried out in a
population with known higher prevalence, such as older, obese adults (Williamson &
Narayan 2009).
It is increasingly accepted that testing for pre-diabetes in those most at risk is an
important step in preventing progression to type 2 diabetes, particularly as risk is a
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continuum that can be identified by blood glucose measurements over time.
Provision of support needs to be in place for those identified with pre-diabetes and
therefore at risk of developing type 2 diabetes. For example, identification of prediabetes may be an appropriate time to intervene with behaviour change advice
whilst progression to clinical diabetes can still be prevented.
3.1

Aims and objectives

The aim of this first review was to undertake an assessment of the evidence for the
effectiveness and cost-effectiveness of strategies and tools designed to identify
individuals at high risk of progression to diabetes due to the presence of prediabetes. The review focuses on risk assessment and identification strategies as well
as the barriers and facilitators to such strategies. The objectives were to assess and
synthesise evidence pertaining to each of the three steps that can occur in risk
assessment strategies, the use of demographic information, risk score tools as well
as diagnostic tools. Evidence from included studies that addresses costs,
acceptability and uptake of both risk assessment and diagnostic testing will also be
reported.
Research questions:
What is the evidence for the effectiveness and cost-effectiveness of methods
to identify adults with pre-diabetes, especially the evidence for how to increase
identification and the uptake of risk assessment in high-risk groups?

How does the effectiveness and cost-effectiveness of strategies vary according to the
following:
a) For tools, cut-off points that are deemed most effective?
b) Sensitivity, specificity, PPV, NPV and area under the curve if appropriate?
c) Whether the strategy is based on an underlying theory or conceptual model?
d) Diversity of the population (e.g. in terms of the user‘s age, gender or ethnicity) for
whom the strategy is designed?
e) Status of the person (or organization) delivering the strategy and the way it is
delivered?
f) Settings, and whether these are transferable to other settings?
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4.

BACKGROUND

4.1

Description of the health problem

The NICE scope (2009b), which sets out what the guidance will and will not cover,
highlights that every year, 100,000 people in the UK are diagnosed with type 2
diabetes and many more may have the condition (Diabetes UK 2006). It can lead to
long-term complications including micro- and macrovascular diseases such as eye
problems, kidney disease, foot ulcers and cardiovascular pathologies. Between 33%
and 66% of people with pre-diabetes – raised or impaired blood glucose levels – will
go on to develop type 2 diabetes over a period of 3–6 years (Diabetes Prevention
Programme Research Group 2002; Lindstrom et al 2003; Pan et al 1997;
Ramachandran et al 2006). During that time they will also be at increased risk of
cardiovascular disease (Waugh 2007).
In addition to the personal cost to individuals, families and communities, diabetes is
estimated to account for at least 5% of UK healthcare expenditure. Up to 10% of
hospital budgets are used for the care of people with the condition – drug costs alone
for people with type 2 diabetes have been estimated to account for about 7% of the
total NHS drugs budget (Waugh et al 2007). Preventing pre-diabetes among groups
at high risk of developing type 2 diabetes could help save some of these NHS
resources.
In 2007, 60% of primary care trusts (PCTs) had programmes in place to raise public
awareness of the risk factors for diabetes and 37% were raising awareness of its
signs and symptoms. Only 42% had specifically assessed the needs of their
population in relation to diabetes and less than 40% had developed a diabetes
strategy (Innove 2008).
An individual‘s risk factors for pre-diabetes include: obesity (a body mass index [BMI]
of more than 30 kg/m2); a high waist circumference measurement (more than 80 cm
in women and 94 cm in men); a sedentary lifestyle; a close family history of type 2
diabetes; a history of gestational diabetes in women; and being older than 40 (or
older than 25 for some black and minority ethnic groups). In addition, certain groups
of people are at greater overall risk of developing pre-diabetes, for example people of
south Asian, African–Caribbean and black African descent. With rates of obesity on
the increase and the population becoming more sedentary (The Health and Social
Care Information Centre 2009) type 2 diabetes (and pre-diabetes) is becoming more
prevalent.
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For many people, both pre-diabetes and type 2 diabetes can be prevented by being
supported in changing lifestyle behaviours such as improving diet and increasing
physical activity levels (Tuomilehto 2001). In some cases where these are not
possible or have not been successful, certain drug therapies and surgical procedures
are available that aim to reduce BMI.
In order to identify individuals with pre-diabetes that are therefore at risk from
progressing to type 2 diabetes, a range of tools and strategies have been developed.
These are sometimes used in sequel as part of a stepped programme (Sandbaek et
al 2008). The first part of the strategy involves identification of individuals from data in
practice registers that have identified risk factors such as a raised BMI and / or waist
circumference, a family history of type 2 diabetes, and previous gestational diabetes.
In addition, basic demographic data such as age, sex and ethnicity are used in this
identification process.
Once identified, those at increased risk can be further assessed using specific risk
assessment tools. A range of these exist; the review aims to explore the reported
aims and outcomes for individual known tools.
A high risk score could mean that an individual has (or is likely to have) pre-diabetes
or type 2 diabetes. To test this several tests are available each having different
characteristics in terms of costs and benefits for both the user and provider
organisation.
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5.

METHODS

5.1

Methods for identification of evidence

A systematic review of the effectiveness of strategies to identify and assess risk for
pre-diabetes was undertaken according to the general principles recommended in
the methods guide for development of NICE public health guidance (2009a).
Methods followed the development of a review protocol and search protocol and are
detailed below.
5.1.1

Search Strategy

The standard NICE Methods, as outlined in the Methods for the Development of
NICE Public Health Guidance (2009) were used to guide the development of the
search methods. The aim of the search strategy was to retrieve the best available
evidence to inform the effectiveness and cost effectiveness reviews, the views review
and the economic model.
An initial search was carried out supplemented by an additional more focussed
search for gaps found in the literature in order to ensure that the review topic was
fully explored as the reviews progressed. The search strategies were developed in
conjunction with NICE Information Specialists.
Instead of aiming to identify the relevant literature for a specific question using one
search, we adopted an emergent approach which attempts to identify key literature.
The initial search strategy, using concepts taken from the scope, formed the basis of
the search strategies for the review questions. A further review focussed search was
then generated for review one by identifying free text and subject headings from
studies identified from the initial search and key known literature as being relevant to
the review question. Iterations were then repeated as new concepts were identified,
within the time frame of the study.
The questions to be addressed in the reviews have differing existing evidence bases.
Therefore, decisions on the type of evidence (e.g. RCTs, observational studies) to be
used in the reviews were made through an iterative searching process that allows
decisions to be made based on the available evidence.
The initial overarching search was limited from 1990-2010, English language and
human studies. All other searches for review one were limited to English Language,
1998-2010 and human studies. This date was chosen due to changes made in
diagnostic cut-off points for the diagnosis of type 2 diabetes, IGT and IFG at this
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time. Literature based on earlier criteria would not be comparable with that relating to
research carried out since the changes.
A thorough audit trail of the search process was maintained; this includes all
searches, number of results and number of relevant references identified. This
process ensures that the search process is transparent, systematic and replicable.
In addition to the database searching, additional searches were undertaken in
specialist websites in order to identify evidence not indexed in the bibliographic
databases. The ScHARR team also conducted reference and citation searching for
those studies identified for inclusion in the reviews using Web of Science (via
Thomson ISI), Scopus (via Elsevier) and Google Scholar.
An overview of evidence sources are below, with detailed information including
location of websites and sample search strategies presented in Appendix 3.
List of Databases Searched for Review One
Medline via OVID SP
Embase via OVID SP
CINAHL via EBSCO
British Nursing Index via OVID SP
The Cochrane Library via Wiley
Science Citation Index via Thomson ISI
Social Science Citation Index via Thomson ISI
PsycINFO via OVID SP
Selected EPPI Centre Databases

5.2

Study selection

All of the retrieved literature was screened by one of three reviewers (MJ, EEH, and
RJ) and double-checked by one other reviewer at title and abstract level for
relevance, and those relevant were taken through to full paper appraisal (see section
5.4 for full process details).
Study inclusion and exclusion was based on the following criteria, which were
presented in the initial scope document:
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5.2.1

Individuals / groups that will be covered

a) Adults aged 18 years and over with a diagnosis of pre-diabetes using current
World Health Organization criteria (World Health Organization 2006), that is
either or both:
-

Impaired fasting glucose (IFG) – a fasting plasma glucose (FPG)
between 6.1 and 6.9 mmol/litre.

-

Impaired glucose tolerance (IGT) – FPG less than 7.0 mmol/litre and a
plasma glucose (2 hours after ingestion of a 75 g oral glucose load,
the oral glucose tolerance test) between 7.8 and 11.0 mmol/litre.

The diagnostic criteria for IFG and IGT and type 2 diabetes are expected to be
revised by the World Health Organization in 2010. Any forthcoming changes to
current diagnostic criteria that might result in possible changes in interpretation of the
evidence will be dealt with by taking advice from the PDG and following their
direction on this matter.
b) The review will focus on the following populations:
South Asian, African–Caribbean, Chinese or black African descent
and older than 25 years, or white and aged 40 years or older, and who
have one or more of the following characteristics:
obesity (a body mass index [BMI] of 30 kg/m2 or above, or 27.5 kg/m2
or above if of south Asian or Chinese descent)
a waist circumference:
greater than 80 cm for women of European or African descent
greater than 94 cm for men of European or African descent
equal to or greater than 80 cm for women of south Asian or
Chinese descent
equal to or greater than 90 cm for men of south Asian or
Chinese descent (Alberti et al 2007)
a history of cardiovascular disease
abnormal blood lipids or lipoprotein level (for example low high-density
lipoprotein [HDL] cholesterol)
hypertension
a first-degree relative with type 2 diabetes
sedentary lifestyle.
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c) If the evidence allows, people with the following characteristics will be
covered:
severe mental health problems
learning disabilities
taking medication that can increase the risk of developing diabetes
such as steroids, anti-retrovirals and some antipsychotics
polycystic ovary syndrome
low birth weight, that is less than 2.5 kg (5.5 lbs)
women with a history of diabetes in pregnancy and women who have
had a baby over 4.5 kg (9 lbs).
5.2.2

Groups that will not be covered

People younger than 18 years of age.
People with a diagnosis of type 2 diabetes or other forms of diabetes.
Pregnant women.
5.2.3

Strategies / Tools that will be covered

Interventions delivered at individual, family, community and population levels in
primary, secondary and tertiary care, the community, residential care sector, and
prisons. For this review, this will focus on:
Identification and risk assessment of adults with IFG/IGT or raised glycated
haemoglobin (HbA1c).
5.2.4

Strategies / Tools that will not be covered

Identification and risk assessment for individuals with type 2 diabetes, gestational
diabetes or any other form of diabetes. (Type 1 diabetes, type 2 diabetes and
diabetes in pregnancy are the subjects of previously published NICE guidance).
5.3

Data Extraction

Data were extracted with no blinding to authors or journal. Data were extracted by
one of three reviewers (MJ, EEH, RJ) using a standardised form. As highlighted in
the Cochrane Collaboration guidelines for systematic reviews of health promotion
and public health interventions, extraction forms should be developed for each review
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in order to make them relevant to the information that is required. The forms for
extracting data on diagnostic tools were based on the example forms presented
within the NICE public health guidance (2009a).
The forms were piloted on two randomly selected articles that assess identification
and risk assessment strategies in order to confirm appropriateness for use.
Information relating to the review question, study design, outcomes and conclusions
were collated. The data extracted for effectiveness evidence included information
relating to the strategy under study, namely objectives, content, intervener, tool
components, mode of delivery, setting and population. Data extracted by each
reviewer was checked by a second reviewer to ensure reliability. Any studies giving
rise to uncertainty were reviewed independently by a third reviewer, and
discrepancies, for example where studies were not clearly reported, were resolved by
discussion.
5.4

Quality assessment

The quality of included studies was assessed by one of three reviewers (MJ, EEH,
RJ) using quality criteria based on those developed for the critical appraisal of risk
assessment evaluation studies in previous guidance. The criteria used items from the
QUADAS checklist (Whiting et al 2003), a quality assessment tool designed for
reviews of diagnostic accuracy studies. All quality assessments were double checked
by a reviewer not involved in the initial assessment.
Studies were graded with ++, + or – as recommended by NICE (see Table 1).
Greater consideration was given to the performance of the study on criteria
fundamental to the robustness of the findings. Study quality did not determine
inclusion into or exclusion from the review, and was carried out with reference to the
review question, therefore the same paper may have received a different grading for
the effectiveness review than for the views part of the question.
While it is noted that criteria may not be judged as having equal value in quality
assessment, in the interests of consistency, a subjective score of 5 or 6 out of 6
criteria fulfilled was rated as ++, 3 or 4 rated as + and below 3 rated as -. Quality
assessment is confirmed by a second reviewer in order to minimise any potential
bias.
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Table 1: Study quality
Grade Criteria
++

All of the criteria have been fulfilled. Where they have not been fulfilled the
conclusions are thought very unlikely to alter.

+

Most of the criteria have been fulfilled. Those criteria that have not been
fulfilled or adequately described are thought unlikely to alter the conclusions.

–

Few or no criteria have been fulfilled. The conclusions of the study are
thought likely or very likely to alter.

The criteria used were:
1. Were demographics provided?
2. Was co-morbidity described?
3. Were eligibility criteria and participation rate provided?
4. Criterion standard evaluation of all screened subjects?
5. Analysis of pertinent subgroups?
5.5

Data analysis and synthesis

A synthesis of available evidence is presented in Section 6. Data synthesis was
informed by the methods advocated by NICE public health guidance (2009a). Prespecified outcomes are tabulated in evidence tables and presented within a
preliminary narrative synthesis. For the data synthesis, papers were classified
according to the type of risk assessment strategy and specific measures such as
single strategy, comparisons and combinations. Because of the considerable
heterogeneity of the study populations and study designs it was not possible to
conduct a meta-analytical review. Therefore, a narrative approach to synthesis was
adopted, where key outcomes and findings are reported in the text of the report,
summarised in the tables and this information is used to consider and address the
review questions in the discussion section.
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6.

RESULTS

Figure 1: Flow chart of paper selection

Initial search results following
removal of duplicates
n= 1404

Focussed search and citation
results following removal of
duplicates
n=1321
Reference and Citation searches
n = 423

Articles rejected at title /
abstract level
n=1731

Articles rejected at title /
abstract level
Web searches
(n = 65)
All rejected at title / abstract
level
n=0

n=1179

Total articles rejected
at full text level

Articles potentially relevant to
Review 1

n= 204

n= 9

Articles potentially relevant to
Review 1
n= 20

Articles included in Review 1
n=20
n= 9
(Total n=29)
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6.1

Included studies

From an initial total of 2725 references, a total of 29 papers of varying study type and
quality met the inclusion criteria for the review of strategies for identification and risk
assessment for pre-diabetes. One further paper was included following citation
searches.
Two papers assessed the use of routine demographic data found in practice records
as an approach for identifying patients that might be at risk for pre-diabetes. Two
studies assessed the use of a validated score derived from such records. Seven
studies evaluated risk assessment scores using a questionnaire. Eighteen studies
assessed a range of strategies using blood glucose indicators, including non-fasting
methods (6), fasting plasma glucose (2), HbA1c alone (4), comparison of HbA1c with
non-fasting blood glucose measures (1), comparison of HbA1c with fasting blood
glucose measures (7), combination of HbA1c and fasting blood glucose measures
(3), and stepped strategies using at least two approaches (6). Nine studies reported
on study response rates.
6.1.1

Quality of included studies

The quality of papers was reasonable, with 2 papers rated as very good (++), 24 as
good (+) and 3 as poor (-).
6.1.2

Limitations to study quality

A key limitation found in included studies was a lack of clarity in reporting progressive
stages within the study. The studies typically had complex designs that were often
difficult to follow. The distinction between performances of diagnostic tools in
identifying pre-diabetes rather than type 2 diabetes was often vague. In addition
PPV, NPV and AuC values were often missing from the findings.
6.2

Narrative summaries of included studies

The following is a list of the included studies, described in narrative form in
alphabetical order. This will be followed by tables that display study findings in
relation to different types of tools and strategies.

Colagiuri et al (2004 +) assessed the AusDab protocol for identifying type 2 diabetes
and impaired glucose metabolism. The protocol is based on a three stage stepped
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approach where the first stage is risk assessment. Those considered at risk move to
the next stage of FPG measurement and possible further testing according to the
FPG results. The authors also included an assessment of HbA1c and other variations
to the protocol.
The study utilized a representative sample of 11,247 people from the general
population aged 25 and over from 42 randomly selected areas in Australia. Of these,
475 had known diabetes and data was unavailable for another 264, leaving 10,508 to
be included in the analyses. Each participant completed a health questionnaire and
underwent physical examination to assess blood pressure, weight and height,
calculation of BMI. Blood was collected for measurement of lipids and HbA1c.Those
that were not taking insulin or hypoglycaemic agents for diabetes had an OGTT
performed, the results of which found that 7.4% had diabetes, half of whom were
unaware of their condition prior to the programme.
Beginning with opportunistic risk factor identification, 5,604 had at least one risk
factor specified in the AusDab protocol, which indicated the need for FPG
measurement. When weighted to the Australian population, this meant that 47.4% of
adults ≥ 25 years would require testing. Of the 5,604 with risk factors, 2,723 (48.6%)
had an FPG ≤5.5 mmol/l and so were deemed at low risk. A further 210 (3.7%) had
an FPG ≥ 7.0 mmol/l, indicating diabetes. The remaining 2,671 (47.7%) had FPG 5.5
- 6.9 mmol/l and would have been recommended to have an OGTT. The effect of
various modifications to the current guideline was assessed; the optimal FPG cut
point for detecting previously undiagnosed diabetes and IGT/IFG was ≥ 5.5, and for
HbA1c the cut point was 5.3%.
Of the 10,508 people included in the study, 1,372 (11.0%) had IGT and 642 (5.9%)
had IFG. Assessing risk factors and performing FPG at cut off ≥5.5% (in line with the
Australian protocol) gave a sensitivity of 51.9% and specificity 86.7% with a PPV of
45.5% for detecting IGT / IFG. Increasing the FPG cutoff to ≥ 6.1 mmol/l decreased
the sensitivity to 34.6%, though specificity was reported as 100%. Assessing risk
factors and performing HbA1c at cut off ≥5.3% gave a sensitivity of 42.0% and
specificity 88.2% with a PPV of 43.2%. AuC was not reported.
The single risk factor that identified most people (71.5%) as being at high risk for
undiagnosed diabetes was age ≥ 55 years, and another 24.2% were identified
because they were age 45–54 years with one of the following: BMI≥ 30 kg/m2,
hypertension, or family history of diabetes.
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Costs: The cost in Australian dollars ($A) to the health care system for the screening
options for detecting each person with newly diagnosed diabetes or IGT/IFG was
calculated using the following scenario. Risk factor assessment was done
opportunistically at the time of a routine visit to the primary care physician without
incurring an additional cost, the blood test was ordered as an additional test (cost $A
8.05 for FPG, $A 14.15 for HbA1c), the person returned for a visit to the primary care
physician specifically to obtain the result of the blood test (cost $A 25.05), and
individuals with an equivocal FPG had an OGTT (cost $A 15.90) and then returned
for a final visit to the primary care physician for the result (cost $A 25.05). These
costs are based on the published national fees specified by the Health Insurance
Commission of Australia.
The cost for detecting each person with newly diagnosed diabetes using the current
Australian protocol is $A 746, and $A 260 for each person with IGT or IFG.
Increasing the FPG cut point to≥6.1mmol/l alters costs to $A 700 for diabetes and $A
292 for IGT or IFG, whereas the corresponding costs for a protocol based on risk
factor assessment followed by measurement of HbA1c are $A 828 and $A 352,
respectively. It should be noted that the cost of making a clinical diagnosis of
diabetes will be slightly higher because of the repeat testing required to confirm the
diagnosis. The authors conclude that the costs of screening associated with
protocols that used HbA1c were predictably higher than those that relied on FPG,
but, overall, the costs were not particularly high and generally could be considered
affordable in the context of opportunistic screening programs.
The authors conclude that overall, the protocol identified around 8 out of 10 people
with type 2 diabetes, 5 out of 10 who had IGT, and 7 out of 10 of those who had IFG.
They state that strategies for detecting IGT/IFG using HbA1c alone to identify those
needing further testing with an OGTT was less sensitive than strategies using the
FPG to identify those needing further testing.

Franciosi et al (2005 +) carried out a study which formed part of the IGLOO
Impaired Glucose Tolerance and Long-Term Outcomes Observational) study, to
evaluate an opportunistic screening strategy applied by general practitioners for
individuals with one or more cardiovascular risk factor. The tool being tested was the
Diabetes Risk Score (DRS), a questionnaire based tool adapted from the FINDRISC
to identify individuals with type 2 diabetes or impaired glucose tolerance (IGT).
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Of the initial 1,840 recruited individuals, 1,377 completed the evaluation (DRS and
OGTT) giving a response rate of 74.5%. The effectiveness of a three-step screening
strategy to identify individuals with undiagnosed diabetes or IGT, while reducing the
number of those needing an OGTT was also tested. The first step was assessment
of the DRS. The second step was the measurement of fasting blood glucose (FBG)
and the third step was an OGTT follow up in selected subgroups.
Prevalence rates of 20%, 10% and 5% glucose abnormalities (IGT + T2DM) were
tested for the likely behaviour of the proposed risk assessments. Patients excluded
from the analyses did not differ from those included in terms of age, BMI, waist
circumference, levels of cholesterol and triglycerides, dyslipidemia, or presence of
metabolic syndrome. Patients not included in the analyses were reported to be less
often men (45.6% males were not included vs 51.7% women p=0.02) implying that
women were less likely to be included. The authors tested the DRS and FBG alone
as well as in combination, giving values for both results being positive and for both
results being negative to identify the degree of certainty that participants either do or
do not have pre-diabetes.
The DRS alone at a cut off ≥ 9 points showed a sensitivity of 77% (95% CI 0.74–
0.81) and specificity 45% (95% CI 0.41–0.48), PPV 48% (95%CI 0.44–0.51) and
NPV 76% (95%CI 0.71–0.79), AUC 0.67 (95% CI 0.64–0.70) at cut-off >9.
FBG alone at ≥6.1 mmol/l had a sensitivity of 68% (95% CI 0.64–0.72), specificity
75% (95% CI 0.72-0.78), PPV 0.64, NPV 0.78. Using a cut-off of FBG 5.6 mmol/l, a
sensitivity of 86% (95% CI 0.84–0.89) and specificity 44% (95% CI 0.41 – 0.48), PPV
0.50, NPV 0.83 was shown.
Combined use of the DRS at cut-off >9 with an FBG cut off of ≥6.1 mmol/l led to 90%
(95% CI 0.88–0.93) sensitivity with both tests negative. The specificity in this case
was 78% (95% CI 0.76–0.81), PPV 0.48, NPV 0.85. To raise the specificity to 84%
(95% CI 0.81–0.86) with both tests positive meant a reduction in sensitivity to 55%
(95% CI 0.51–0.59), PPV 0.69, NPV 0.74.
Combined use of the DRS at cut-off >9 with an FBG cut off of ≥5.6 mmol/l led to 95%
(95% CI 0.93–0.97) sensitivity, 24% specificity (95% CI 0.21–0.27), PPV 55%, NPV
88% with both tests negative.
Combined use of the DRS at cut-off >9 with an FBG cut off of ≥5.6 mmol/l led to 69%
(95% CI 0.65–0.73) sensitivity, 65% specificity (95% CI 0.62–0.69), PPV 56%, NPV
76% with both tests positive.
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Glumer et al (2004 +) reported on a Danish study that aimed to develop a simple
self-administered questionnaire that would assist in the identification of individuals
with undiagnosed diabetes. The rationale behind the study was that the crude
prevalence rate of diabetes in Denmark was 6.3 and that 65% of individuals with
diabetes were unaware of the disease. Regular screening in Denmark is not
recommended and before screening is implemented a number of uncertainties have
to be resolved, such as who should be screened, whether a high-risk group needs to
be identified to minimise the extent of subsequent blood glucose testing to diagnose
or rule out pre-diabetes or type 2 diabetes, and whether screening is feasible. A
further aim of the study was that the questionnaire would identify at least 75% of
individuals with diabetes and reduce the number of subsequent blood tests to 25%.
A large Danish population sample of 12,934 individuals aged 30-60 years (the
Inter99 study) stratified by age and sex were invited to take part. A total of 6,784
(52.5%) agreed to participate in the questionnaire study. Those with known diabetes
(n=139) or without a classification (n=374) were excluded from the study. A further
147 had missing data, leaving 6,124 for analysis.
Those included into the study were divided into two groups according to birth years
(the reporting of this process in the paper seems to be flawed; years ending in 4 or 9
and 5 or 0 should probably be 4-9 and 5-0); one group was tested in 1999 and the
other group in 2000. Participants underwent a standardised oral glucose tolerance
test (OGTT) according to the World Health Organisation (WHO) 1998 criteria. They
also completed a questionnaire containing items on risk factors and symptoms for
type 2 diabetes, and underwent physiological examination. The risk score was
derived from the first 3,250 participants, 135 of whom, following OGTT, were
diagnosed with type 2 diabetes. Data from the remaining 2,874 participants was
compared to that from the first group; it is not clear from reporting in the paper how
this group participated in terms of risk score evaluation.
External validation was carried out on individuals from the Anglo-Danish-Dutch Study
of Intensive Treatment in People with Screen Detected Diabetes in Primary Care
(ADDITION) pilot study. In the ADDITION study, individuals aged 40-69 years had
been invited to participate; those that agreed to participate (1,028) completed a
questionnaire containing the risk score and underwent measurement of random
capillary blood glucose. A standardised OGTT was performed if the random blood
glucose level was ≥4.5 mmol/l.
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The final risk score included age, sex, BMI, known hypertension, physical activity at
leisure time, and family history of diabetes, as well as items independently and
significantly (P <0.05) associated with the presence of previously undiagnosed
diabetes. For identification of IGT at an optimal cut point of 31, sensitivity was 46.5%
(95% CI 41.5 – 51.4) for the first half of the Inter99 study, 47.9% (95% CI 42.3 –
53.6) for the second half of the Inter99 study, and 45.2% (95% CI 27.3 – 64.0) for the
ADDITION pilot. No other data for identification of IGT was reported. The authors
concluded that they had developed a simple one-page questionnaire that could be
used in a stepwise screening strategy for type 2 diabetes in Denmark.
Gomyo et al (2004 +) used a sample from the JDPP trial to evaluate the abilities of
the Fasting Plasma Glucose and HBA1c indicators to diagnose IGT. The sample of
997 were aged between 30-59 years (stratified into 3 age groups; 30-39; 40-49; 5059), and were not randomized to conditions. Those with IGT were defined as having
FPG < 7.0 mmol/l and 7.8 mmol/l, ≤ 2 h PG < 11.1mmol/l. Those with impaired
fasting glucose (IFG) were defined as having 6.1 mmol/l ≤ FPG < 7.0 mmol/l, and 2 h
PG < 7.8 mmol/l. According to the 1997 criteria of ADA, 140 subjects were classified
as diabetes (14.0%), 256 as having IGT (25.7%), 87 as having IFG (8.7%) and 514
as having NGT (51.6%).The aim was to identify differences in sensitivity and
specificity across sex, age groups and BMI at the optimal cut off point.
For FPG, there were differences in optimal cut off by sex, with the cut-off for females
being lower (5.5 mmol/l) than that of males (5.8 mmol/l). Sensitivity at these cut
points was 66.9% for females and 68.3% for males. Specificity was 63.4% for
females and 61.9% for males. Optimal cut point for both males and females together
was 5.6 mmol/l (sensitivity 69.1%; specificity 61.6% PPV was 54%, NPV 46%, AuC
0.72 (± 0.02).
For HbA1c, optimal cut points were 5.2 for males (sensitivity 61.7%; specificity
64.6%), 5.3 for females (sensitivity 62.3%; specificity 63.2%). For both together,
optimal cut point was 5.3 with sensitivity 57.2%; specificity 64.4%, PPV 47%, NPV
54%, AuC 0.65 (± 0.02).
Sensitivity and specificity of each test were higher when the state of glucose
tolerance was worse. In screening with FPG, females had lower sensitivity and
higher specificity than males. In screening with HbA1c, the specificity was lower in
the groups of 40–49 and 50–59 year-olds (70.2% and 60.9 % respectively) than the
group of 30–39 year-olds (90.7% ) and lowest (58.3%) (in the obese group (BMI ≥ 25
kg/m2). In screening with HbA1c, the optimal cut off points of the groups of 40–49
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and 50–59 year-olds were higher (5.3) than the group of 30–39-year-olds (5.2). The
obese group had higher optimal cut off points in both FPG and HbA1c than the other
groups of BMI.
This study showed that the discriminating ability of FPG was superior to that of
HbA1c, although each test can discriminate between IGT and non-IGT (NGT plus
IFG). The authors concluded that the FPG was better than HbA1c for screening for
IGT and IGT plus diabetes mellitus, and sex, age and BMI had effects on the
performance of the screening test. The optimal IGT cut off point for FPG (5.6 mmol/l)
was lower than the FPG values for IFG (between 6.1.mmol/l and 6.9.mmol/l ) in the
report by the WHO.
If a two-step strategy is adopted to screen for IGT plus diabetes mellitus, the authors
suggest selecting all those with a FPG value of 5.8 mmol/l or greater for the first
screening, at least in Japanese subjects. Limitations to the study were that the
population was not randomly selected but a preselected group with some risk of
glucose intolerance. The age range (30–59 years) was also narrow. Despite these
limitations, the authors conclude that results presented in this study should be a
valuable piece of information to identify subjects of IGT.
Gray et al (2010 +) developed the Leicester Risk Assessment, a risk score based on
the FINDRISC to be used by lay members of multiethnic populations as part of the
ADDITION study. The Leicester Risk Assessment (LRA) included FINDRISC items
as well as smoking status, alcohol consumption, occupational status, ethnicity,
physical activity and scales to measure well-being and anxiety. The tool was tested
on a sample of 6186 participants aged 40 -75 (mean 57.3; SD 9.6) and almost
equally balanced male to female, with a mean BMI of 28.1 (SD 5.0). The LRA was
delivered by trained researchers to the participants, the majority of whose ethnicity
was reported as White (73.4%).
The reference standard used was 75g OGTT. The authors assessed utility for
diagnosis of T2DM, and claimed that a cut-off point of equal to or more than 16 was
the optimum for identifying Impaired Glucose Regulation (a composite of IGT and
IFG) as well as T2DM. At this cut off point, the sensitivity is reported as 72.1% (95%
CI 69.6–74.6), with specificity 54.1% (95% CI 52.7–55.5), PPV 27.7 (95% CI 26.2–
29.3) and NPV 88.8 (95% CI 87.7–89.9) At this cut-off point the tool is comparable to
FINDRISC at cut off equal to or more than 12. The area under the curve is reported
for the identification of T2DM only, at 0.72.
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The authors conclude that the score is a way of identifying those that are at risk
before further testing.

Greaves et al (2004 +) randomly selected 16 practices in the South West of England
with lists containing at least 3500 patients to sample 100 patients each. Each sample
was divided into four groups according to stepped BMI and age. Group 1 included
patients who were >70 years with BMI ≥ 33; group 2 were >65 with BMI ≥ 31; group 3
were >60 years with BMI ≥29 and group 4 were >50 years with BMI ≥ 27. Using this
type of categorisation, patients could be selected for more than one group (251 were
in 2 groups; 47 in 3 groups and 4 in all 4 groups) due to the nested age and BMI
points. Computer searching generated lists of patients meeting the inclusion criteria;
those diagnosed with diabetes, non-Caucasians and patients with learning difficulties
were excluded.
Patients that met the criteria were invited to clinic where practice nurses assessed
age, weight and height and obtained fasting venous blood samples. Repeat tests
were suggested for those having FPG ≥6.1 mmol/l. Those with FPG ≥7.0 mmol/l on
both tests were diagnosed with diabetes, while those having FPG 6.1 – 6.9 mmol/l on
both tests or one reading of 6.1 – 6.9 mmol/l and one of or >7.0 mmol/l were
diagnosed with Impaired Fasting Glucose (IFG).
A total of 1287 patients were recruited (39.5% male). The uptake rate was 60.6%
from 15 practices. No significant sampling biases were found. BMI data were
available for 76.8% of patients >50 years. When compared to current data from
assessment visits, 20% of the sample had data in their practice record that was
recorded incorrectly. This did not substantially affect the results. Data on age was
available for 100% of the patients, though in 27 cases this differed from self-reported
age by one year.
In each group, new cases of IFG were identified as follows: 25 (8.3%) in group 1; 41
(8.4%) in group 2; 39 (8.3%) in group 3; and 20 (5.2%) in group 4. This represented a
total of 93 patients (7.2%) across the practices. In addition, 55 (4.3%) new cases of
diabetes were identified. The number needed to screen to detect either IFG or
diabetes ranged between 15 and 28 across the four groups. The authors state that
only brief nurse training was required to run the clinics. Computerised identification
took less than I hour per practice, and patient clinic time was around 10 to 15
minutes compared to minimum 2 hours and two appointments for OGTT.
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Detection rates may be increased by improving the recording of BMI as well as
software development to allow searches for ‗latest BMI‘. In addition, OGTT could be
added to the strategy, as FPG and OGTT detection only overlaps by 20-25%, with
FPG tending to under-estimate the true prevalence of type 2 diabetes. The authors
conclude that this study was carried out with data as used in practice, with its
limitations, yet detected a substantial number of cases.
Guerrero-Romero et al (2006 +) aimed to determine the effect of lowering the
criterion for normal fasting plasma glucose (FPG) to 5.6 mmol/L on the identification
of individuals with impaired glucose tolerance (IGT) and metabolic syndrome (MS). A
cross-sectional analysis of a population-based study from Durango, Mexico was
carried out. The study enrolled 844 healthy men and non-pregnant healthy women
aged 34 to 64 years. According to the individual‘s FPG concentrations, participants
were allocated to one of three groups:
a) FPG <5.6 mmol/l (492, 58.3% of sample)
b) FPG 5.6-6.0 mmol/l (181, 21.4% of sample)
c) FPG 6.1-6.9 mmol/l (171, 20.3% of sample)
The authors reported that there were no significant statistical differences between the
groups in terms of age.
The reference standard used was the OGTT. The authors claimed that using the cut
off point FPG 5.6 mmol/L to identify subjects with IGT increased sensitivity from
32.9% to 82%, though specificity decreased from 82.7% to 67.8%, and PPV
increased from 31.7% to 37.5%. The AUC was not reported.
The authors concluded that, taking into account that the main goal of screening such
as the early detection of risk factors in an apparently healthy population requires
diagnostic tests of high sensitivity, lowering the normal criterion for FPG to 5.6
mmol/L increases the identification of subjects with IGT, improving the success of
FPG as a screening tool for T2DM.

Heikes et al (2008 +) describe the development of a Diabetes Risk Calculator
(DRC), a paper questionnaire for use in general practice or to be developed as an
online tool for the public. The risk score tool was developed using items known to be
associated with risk of developing Type 2 Diabetes, and validated using the NHANES
1999-2004 data (7,092 participants in the US who were aged ≥20 years and had
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FPG results; no uptake data available). This data includes OGTT levels for
approximately half of the sample aged 40-75, and FPG results for the remainder.
Two methods of analysis were used to validate the tool; Logistic Regression and
Classification and regression tree (CART). The tool includes an algorithm that leads
the user along branches of a node tree, depending on responses to the perceived
presence of well known risk factors.
The DRC sorts people into 14 different categories and reports for each category the
probability that an individual is at low risk or high risk for either undiagnosed diabetes
or pre-diabetes.
The authors claim that using a cut off score of 25% for the probability of having prediabetes, the accuracy of the classification tree for pre-diabetes or undiagnosed
diabetes is sensitivity 75%, specificity 65%, PPV 49%, NPV 85%, and area under the
ROC curve 0.75.
For increased plasma glucose, the difference in the odds of a positive versus a
negative result is a factor of approximately 6. They claim that the DRC can be used
by physicians to assess the risks of their patients or can be self-administered by
individuals to assess their own risks. Use of this tool enables the identification of
individuals who might benefit from confirmatory tests and treatment to delay or
prevent the onset of type 2 diabetes and its complications. Development of a patientfriendly, electronic version is being developed for broader use in clinical practice.

Heldegaard et al (2006 +) tested the CRS in a Danish practice population to identify
individuals with undiagnosed diabetes, IGT, IFG, and metabolic syndrome in order to
implement preventive interventions where appropriate. A response rate of 69% was
obtained from invited patients (n=1355). Physical examination included height,
weight, waist circumference, blood pressure and OGTT. Self administered
questionnaires were completed for medical and family medical history as well as
lifestyle behaviours. The CRS was calculated for all participants.
Participants with IGT / IFG were older (mean 50.1 vs 43.4 years), had higher total
cholesterol readings (5.55 mmol/l vs 5.24 mmol/l), higher systolic blood pressure
(130 vs 120 mmHg), larger waist circumference (93cm vs 84cm female and 100cm
vs 93cm male), higher BMI (28.3 vs 25.3) and were more likely to have a family
history of diabetes (34.8 vs 16.9) that those with normal glucose tolerance (NGT).
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A total of 141 (2.29% 95%CI 1.56-3.23) patients had pre-diabetes; 90 (6.64% 95%CI
5.38 – 8.10) were diagnosed with IGT; 51 (3.76% 95%CI 2.81 - 4.91) with IFG. The
authors state that using a threshold of ≥0.246 (sensitivity 47.1%; specificity 83.9%;
PPV 29.8, NPV 91.6%, Area under the Curve 0.74 (95% CI 69.9 – 78.0), a total of
271 participants would have required further testing, whilst 59 people (42%) with IGT
or IFG, 81 (47.1%) with impaired glucose regulation and 91 (50.3%) with metabolic
syndrome would have been detected.
The authors concluded that the CRS performs reasonably well in identifying those
with pre-diabetes. Calculating risk scores automatically using electronic medical
records followed by diagnostic testing on a proportion of the population is more
practical than inviting all the adults on the general practice list for blood glucose tests.
The CRS in addition does not entail distribution or analysis of questionnaires.
General practitioners should be encouraged to collect and record risk factor
information necessary to calculate predictive models.
Herdzik et al (2002 -) assessed the measurement of Fasting Capillary Glycaemia
(FCG) along with fructosamine (FRA) and / or HbA1c to detect glucose tolerance
abnormalities better than FCG alone. A total of 538 adults over 18 years (males
55.5%) referred to an Outpatient Clinic in Western Pomerania in Poland between
1993-9 took part in the study. The authors do not specify a response rate. All patients
received an OGTT test, apart from those with fasting capillary glucose ≥11.1 mmol/l.
Pregnant women, patients with previously diagnosed diabetes and patients receiving
hypoglycaemic treatment were excluded from the study. Due to financial limitations,
determinations of fructosamine (FRA) and glycosylated haemoglobin HbA1c were
available only in subsets of these patients (FRA in 480 patients, 263 of whom were
men).and depended on the doctors‘ recommendation.
For Fasting Capillary Glucose (FCG), the optimum cut point was 5.6 mmol/l (ADA
criterion) with a sensitivity of 62.6%, specificity 100%, PPV 40.6%, NPV 60.0%
(reviewer calculation), AuC 0.865 (± 0.017). For Fructosamine (FRA), the optimum
cut point was 247 µ (maximal effectiveness) with a sensitivity of 58.3%, specificity
83.6%, PPV 42.7%, NPV 58.0% (reviewer calculation), AuC 0.748 (± 0.024). For
HbA1c, the optimum cut point was 5.29 (maximal effectiveness) with a sensitivity of
51.3%, specificity 95.8%, PPV 36.4%, NPV 64.2% (reviewer calculation), AuC 0.777
(± 0.03).
The authors state that in this sample, for patients in whom 2h-OGTT values were in
the IGT range, the FCG value in 74.74% of them was within normal range, and
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25.26% in the IFG range according to ADA. Combined use of FCG, FRA and HbA1c
did not significantly improve prediction of 2-hour post-load glycaemia compared to
combined use of FCG and FRA. In cases of discriminating diabetes from the other
glucose tolerance abnormalities and NGT, FCG had the greatest diagnostic value.
However, it only identified 29% of those in IFG range. Taking FRA as an additional
criterion in detecting glucose tolerance abnormalities in case of normal FCG allows
for significant, although comparatively small, increase in the sensitivity of their
detection.
Hu et al (2009 +) used medical records data from a Shanghai hospital to identify
2,298 Chinese Han nationality individuals (no uptake data), aged over 18 years of
age, that had at least one known risk factors for diabetes (family history of diabetes,
BMI ≥ 25 kg/m2 or waist – height ratio (WHR) ≥ 0.9 for males and 0.85 for females)
as well as a history of impaired glucose tolerance that agreed to attend diabetes
screening. The mean age for the group of individuals was 54.2 years (SD 13.3).
The screening test was performed after three days of normal carbohydrate intake
and physical activity and venous blood samples were drawn after an overnight fast of
at least 10 hours. Fasting Plasma Glucose (FPG) and HbA1c at 2 cut points (for IGT
and diabetes), and both tests combined were assessed. At an optimal cut point for
IGT of ≥ 5.6 mmol/l, FPG gave a sensitivity of 64.1%, specificity 65.4%, PPV 51.4%,
NPV 49.3% (reviewer calculation), AUC 0.701.
At an optimal cut point for IGT of ≥ 5.6%, HbA1c gave a sensitivity of 66.2%,
specificity 51.0%, PPV 58.4%, NPV 42.3% (reviewer calculation), AuC 0.647.
Combined use of FPG at ≥ 5.6 mmol/l and HbA1c at ≥ 5.6% gave a sensitivity of
87.9%, specificity 33.4%, PPV 74.2%, NPV 26.5% (reviewer calculation)
The authors concluded that compared with FPG or HbA1c alone, the simultaneous
measurement of FPG and HbA1c (FPG and/or HbA1c) might be a more sensitive
and specific screening tool for identifying high-risk individuals with diabetes and IGT
at an early stage.
Lidfelt et al (2001++) assessed a strategy for identifying unknown metabolic
dysfunction in middle aged Swedish women. Women aged 50-59 from five
designated geographical areas (n= 10,766) were invited to participate. The
programme consisted of two stages. In the first, 6,917 participating women (64%)
received a questionnaire that included items concerned with medical history, drug
treatment and family history of diabetes. A physical examination was also carried out
to measure body weight, height, minimal waist and maximal hip circumference (to
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calculate WHR), blood pressure, random capillary blood glucose and non-fasting
lipids. Women with one or more risk factor for type 2 diabetes (n=3593) were invited
to attend for OGTT after 1-4 weeks. A total of 2923 women attended at this stage.
Of the 3324 women without risk factors, a randomly selected group of 300 was
designated as a control group (i.e. were invited for OGTT), of whom 221 attended.
Lack of time was given as a reason for not attending the follow-up by the remaining
79 women. During the period 1995-99, 99 non-participants and 12 participants died.
The main cause of death was cancer, though 14 non-participants (0 participants) also
died of CVD (non-diabetes related).
Women with identified risk factors who attended follow-up (n=2923) had higher
diastolic blood pressure (DBP) (p<0.001), B-glucose (p<0.01) and S-triglycerides
(p<0.05) compared to those that did not attend follow-up (n=536). In women without
risk factors, WHR was lower (p<0.05) in the control group attending follow-up
(n=221) compared to the 3016 remaining women without risk factors and the 79
women who did not attend follow up (total n=3095).
The OGTT tests resulted in 1940 (66.4%) women with NFG/NGT; 134 (4.6%) with
IFG/IGT; 517 (17.7%) with NFG/IGT; 109 (3.7%) with IFG/IGT and 223 (7.6%) with
diabetes. The authors state that the prevalence of IGT and diabetes was around four
times higher in women with risk factors compared to those women without risk
factors. Risk factors in this study were reported as not associated with presence of
IFG.
The authors state that the sensitivity of the instrument was 70%, with 55% specificity
(no information given on which condition this is for). The PPV was 34%, however the
figures were based on presumed prevalence in the non-participating and negative
results groups. AuC was not reported. In addition, changing the risk factor variables
(deleting drug treatment of hyperlipidaemia, family history of diabetes and hypertriglyceridaemia) would give a specificity of 66%, with sensitivity lowered to 62%.
Both sensitivity and specificity would be higher (80% and 56% respectively) if
IFG/NGT was deleted, with these participants being regarded as normal. In
summary, the authors state that a high prevalence of unknown impaired glucose
metabolism was found in middle-aged women with a positive risk assessment profile.
Luders et al (2005 +) carried out a multi-component evaluation in Germany (PreDiabetes Score or PreDiSc study) to identify the sensitivity of a range of potential
models for predicting IGT in people with hypertension. The five assessed models
were: 1) HBA1c alone 2) FPG alone, 3) HBA1c and FPG combined, 4) HBA1c + FPG
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+ age, 5) HBA1c + FPG + age + systolic blood pressure, 6) HBA1c + FPG + age +
systolic blood pressure + waist circumference.
Patients aged18 years or more with known or untreated hypertension (≥140/ ≥90mm
Hg), from 34 general practices were recruited for the study. Mean age was 60.9
years, mean BMI 30.7 kg/m2. A capillary fasting glucose value was determined with
a commercial STIX device. In the cases where this value was 100-130 mg/dl, further
screening was carried out and if BMI was ≥25 kg / m2 or a previous history of IGT or
DM in parents or siblings was present, the patient was eligible for the PreDiSc study.
A total of 267 patients were eligible for inclusion in the study, with an OGTT value
being determined for 260 of these patients. Of these, 148 patients also had elevated
venous blood glucose values. For HbA1c alone (Model 1), the optimal cut off was
6mmol/l with a sensitivity of 58% and specificity 84%, PPV 79% and NPV 66%. For
fasting glucose of≥110 mg/dl alone (Model 2), there was a sensitivity of 62%,
specificity 57%, PPV 60% and NPV 59%. A combination of HbA1c and FBG (Model
3) gave sensitivity 61%, specificity 78%, PPV 78%, NPV 59%. Model 4) gave
sensitivity 82%, specificity 76%, PPV 81% and NPV 74%. Model 5) gave sensitivity
79%, specificity 74%, PPV 79%, NPV 74%. Model 6) gave sensitivity 83%, specificity
76%, PPV 80% and NPV 82%.
The authors state that a combination of HbA1c of ≥6%, FPG of≥110 mg/dl and age of
≥55 years, systolic blood pressure and a large waist size (model 6) is highly
predictive of IGT (sensitivity 83%, specificity 76%, PPV 80% and NPV 82%. AuC
0.72).
Mannucci et al (2003 +) invited all the 67,000 residents of Bagno a Ripoli, Florence
to partake in a study to assess the utility of FPG and HbA1c in identifying diabetes
and IGT/IFG. A sample of 567 males and 648 females aged 30–70 years took part in
the study (no uptake data available). The mean age was 52.2 (±19.5) in men and
52.0 (±17.6) in women.
A detailed personal and family medical history was collected; weight and height were
measured and waist and hip circumferences were measured according to WHO
recommendations. Mean BMI was 26.7 (±3.5) in men and 25.4 (±4.5) in women.
Glucose tolerance was assessed in all participants. A 75-g oral glucose load (was
administered, and plasma glucose was again measured after 120 min rest. After an
overnight fast, venous blood samples were drawn for the determination of HbA1C,
lipid profile, and plasma glucose. The upper limit of the reference range for HbA1C in
those without diabetes was 5.5%. Impaired fasting glucose (fasting glycaemia, 6.3–
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6.9 mmol/l) was diagnosed in 161 subjects including 107 men (19.0%) and 54
women (8.4%). Impaired glucose tolerance was diagnosed in 96 participants,
including 61 men (10.8%) and 31 women (4.8%). The prevalence of diabetes, IFG,
and IGT was significantly (p<0.05) higher in obese (BMI>30 kg/m2) or overweight
(BMI=25–30 kg/m2) participants when compared to the rest of the sample.
The majority of participants with IGT had FPG levels within the normal range, while
most of those with IFG had normal glucose tolerance. In those without a diagnosis of
diabetes, IGT and IFG were more frequently associated in obese subjects among
men (p<0.05 vs. the rest of the sample), but not among women. Prevalence of IFG in
individuals with IGT was 23.0%, 40.0%, and 61.1% in men, and 25.0%, 44.4%, and
20.0% in women, among normal-weight, overweight, and obese subjects,
respectively. Those with combined IFG and IGT had signifìcantly (p<0.05) higher BMI
and HbA1C (29.1±4.3 kg/m2, and 5.7%±0.4%, respectively), when compared to
those with IFG (27.9±4.2 kg/m2 and 5.5%±0.4%) and IGT (27.6±4.6 kg/m2 and
5.5%±0.5%) only.
FPG with a threshold of 6.1 mmol/l, had a sensitivity for IGT of 40.9%, specificity
25.0%, in men. For women, sensitivity was 29.0%, specificity 18.0%. The authors
conclude that determination of FPG is not useful in the screening of IGT, and that
HbA1c alone does not provide any advantage over FPG in the screening of IGT. The
combined use of HbA1C and FPG with a threshold of 5.5% (upper limit of normal
range) for HbA1C and 6.1 mmol/l for FPG, improves the sensitivity of screening,
facilitating the identification of individuals with IGT. While this procedure can be
useful for case finding in clinical research, it still fails to detect over one-third of
individuals with IGT. Furthermore, the specificity of combined FPG and HbA1C for
IGT is not sufficient to recommend this method for systematic screening in the
general population.
Maynard et al (2007 - ) assessed the spectroscopic measurement of dermal
advanced glycation end products (SAGE). This is a non-invasive device that detects
the fluorescence of skin advanced glycation end products. Performance of the device
compared with fasting plasma glucose (FPG) and HbA1C using the 2-hour oral
glucose tolerance test (OGTT) for identifying impaired fasting glucose (IFG).
Participants were recruited through flyers and newspaper advertising (although
uptake was not reported) and were selected on the basis of having one or more risk
factors for diabetes according to the American Diabetes Association standard-of-care
guidelines and not having had a previous diagnosis for diabetes. Recruitment
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concluded once 84 participants with abnormal glucose tolerance had been identified,
with 351 participants overall.
At the IFG threshold (FPG = 5.5 mmol/l reviewer conversion), sensitivity for the noninvasive device was 74.7%. (sensitivity advantage over blood tests, p<0.05).
Comparable sensitivity for the FPG was 58% (specificity 77.4%), and for the HbA1c
sensitivity was 63.8% for A1C. As specificity for SAGE and HbA1c was not reported,
it was not feasible to calculate PPV or NPV and therefore it is difficult to assess
relative performances.
The authors concluded that the non-invasive technology identified 28.8% more
individuals in the OGTT-defined positive screening class than FPG testing and 17.1%
more than A1C testing and that the device is suited for opportunistic screening.
Mohan et al (2010 +) examined cut points for glucose intolerance (diabetes,
impaired glucose tolerance [IGT], and impaired fasting glucose [IFG]) in Asian
Indians relative to oral glucose tolerance test (OGTT). Participants were recruited
using systematic stratified random sampling in Chennai, India, as part of the as part
of the Chennai Urban Rural Epidemiology Study (CURES), a cross-sectional
population-based study representative of Chennai (formerly Madras), the largest city
in southern India, with a population of ~5 million people. Forty-six of the 55 wards in
Chennai, India were selected for sampling, providing a total sample size of 26,001
individuals aged ≥20 years. From this pool, every 10th participant recruited (2600)
was invited for detailed testing, including an oral glucose tolerance test (OGTT) in
those without self-reported diabetes, and the response rate was 90% (2,350 of 2,600
participants). Of the 2,350 subjects who received an OGTT, A1C was measured in
2,188 participants (response rate 93.1%).
Different cut points for HbA1c were evaluated against IGT (2-hr plasma glucose) and
IFG (fasting plasma glucose at both WHO and ADA cut points). For IGT, the HbA1c
cut point was 5.6%, with sensitivity was 65.6%, specificity 62.1%, PPV 19.9%. AuC
was 0.708. Using the IFG (WHO) criterion of FPG ≥ 6.1mmol/l and < 7.0 mmol/l, the
optimal HbA1c cut point was 5.6%, giving a sensitivity of 60.0%, specificity 56.5%,
PPV 8.0%. The authors state that the IFG group was very small. For the IFG (ADA)
criterion of FPG≥ 5.6 mmol/l and < 7.0 mmol/l, the HbA1c cut point was 5.6%, giving
a sensitivity of 65.1%, specificity 63.4%, PPV 8.3%.
The authors concluded that an HbA1c cut point of 5.6% would identify Asian Indians
with IGT and/or IFG with 69–74% accuracy at optimal specificity and sensitivity.
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Mostafa et al (2010 +) compared the prevalence of Impaired Glucose Regulation
(IGR) when using two ranges of HbA1c cut points (6.0 - 6.4% and 5.7 – 6.4%)
compared to the OGTT in a multi-ethnic population. The 1896 sample, aged 40 – 75
years (mean 57.3 years) were recruited from the LEADER study population (primary
care) in the UK. The sample comprised 52.3% females, 74.7% White Europeans,
and 22.8% south Asians. The mean HbA1c was 5.71% (SD 0.61), though this was
significantly lower in White Europeans (5.66%; SD 0.61) than in south Asians
(5.86%; SD 0.62) (p<0.0001).

The OGTT detected 1407 (16.2%) people with IGR (66.8% of these with IGT; 17.4%
IFG; 15.8% both IFG/IGT). More were detected using the HbA1c at 6.0 – 6.4% than
with the OGTT (n = 1610; 18.5%); an increase of 1.1 fold in White Europeans and 1.5
in south Asians (p<0.0001). Only 477 people (5.8%) were detected as IGR using
both HbA1c and OGTT, showing discordance between the tests. A total of 758 were
no longer classified as IGR using HbA1c cut point <6.0%.

A total of 3904 (44.9%) were detected as IGR using the range HbA1c 5.7 – 6.4% (the
ADA recommended range). This led to a 2.8 fold increase in White Europeans and
3.0 fold in south Asians (p<0.0001). Concordance with the OGTT was found in 873
(10.7%) people, with an extra 3031 people being identified as IGR with the HbA1c at
this range than the OGTT, and 363 (4.4%) no longer classified as IGR.
HbA1c had an AuC of 0.69 (95% CI 0.68 – 0.71) for detecting IGR. For south Asians,
this was 0.72 (95% CI 0.69 – 0.75). For IGT alone, the AuC was 0.67 (95% CI 0.64 –
0.69) for White Europeans and 0.67 (95% CI 0.66 – 0.73). Sensitivity and specificity
at cut point of ≥ 6.0% for White Europeans was 39.5% (95% CI 36.3 – 42.7) and
83.5% (95% CI 82.5 – 84.5) respectively, for identifying IGR. The optimal cut point
however was ≥ 5.8%, giving sensitivity 61.5% (95% CI 58.2 – 64.4) and specificity
67.9% (95% CI 66.6 – 69.1). Stratifying by age gave a lower optimal cut point for 40
– 59 years (5.7%) than in the 60 – 75 year group (5.8%) in White Europeans.
For the south Asian group, the corresponding sensitivity and specificity at an optimal
cut point of ≥ 6.0% was 63.8% (95% CI 58.6 – 68.7) and 69.4 (95% CI 67.1 – 71.6).
Stratifying by age gave a similar optimal cut point for both age groups in south
Asians.
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The authors conclude that HbA1c had a low AuC (>0.7), suggesting that this is a
weak tool for detecting IGR, particularly in White Europeans. The range 6.0 – 6.4%
appeared to miss many of this group, but was a reasonable option for the south
Asian group, where the optimal cut point was higher.

Phillips et al (2009 +) aimed to determine if risk assessment could be undertaken
using a strategy similar to that used for gestational diabetes, in this instance, an oral
glucose challenge test (GCT). Posters, flyers, presentations and notices in the media
were used to raise awareness of the programme among employees of the Grady
Health System, Emory HealthCare, and Emory University and Morehouse Schools of
Medicine, as well as members of the community. Of those expressing interest,
uptake was 52.5% (2,111/4,024).
Individuals were eligible if they had no prior diagnosis of diabetes, were not pregnant
or nursing, not taking glucocorticoids and were well enough to have worked during
the previous week (without requiring actual employment). At the first visit, (which did
not require a prior fast), and scheduled during the work day, participants had random
plasma glucose and random capillary glucose (RCG) measured. Participants then
drank 50 g oral glucose within five minutes, with measurement of plasma
(GCTplasma) and capillary glucose (GCTcap) after one hour. Of those scheduled for
first visit uptake was 78.5% (1,658/2,111).
Of these, a total of 1,581 participants aged 18 to 87 years (mean age 48 years)
completed the protocol, though 8 did not complete both GCT and OGTT tests.
Analyses were reported on the remaining 1,573 participants who attended for the
second visit (average of 13 days after first visit), and returned 1hr GCT values. Blood
was also obtained for measurement of plasma lipids and HbA1c. Of those completing
both sessions and having complete data, uptake was 94.9% (1,573/1,658).
Optimal GCTplasma cut-off 7.8 mmol/l provided a sensitivity of 73%, specificity 68 %,
and PPV 34%, NPV 92%. Area under the curve for detecting pre-diabetes was 0.79.
Optimal GCTcap cut off was 8.9 mmol/l (160 mg/dl), giving a sensitivity of 67%,
specificity 64 %, and PPV 30%, NPV 89%. Area under the curve for detecting prediabetes was 0.73.
The authors concluded that screening performance was generally consistent across
different times after meals and different times of day, as well as in subgroups with
higher and lower pre-test probability of glucose intolerance. GCT plasma screening
appeared to be accurate, convenient and widely applicable, with the test being
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relatively inexpensive in populations such as the study population ($84 per case of
diabetes or pre-diabetes identified).
Rolka et al (2001 +) describe a stepped strategy using the American Diabetes
Association (ADA) risk assessment questionnaire and capillary blood glucose testing.
The recommended CBG cut point of 140 mg/dl, and an alternative CBG cut point of
120 mg/dl were evaluated against several diagnostic criteria for diabetes (FSG ≥126
mg/dl, 2-h SG ≥200 mg/dl, or either) and dysglycemia (FSG ≥110 mg/dl, 2-h SG ≥140
mg/dl, or either). Volunteers (n=1471) aged ≥20 years were recruited by health care
systems serving communities in Springfield, MA; Robeson County, NC; and
Providence, Pawtucket, and Central Falls, RI during routine health centre visits and
at community health fairs. Those with self-reported previously diagnosed diabetes or
who had been pregnant or breastfeeding within the previous 3 months, or had been
hospitalised within the previous six months were not eligible to participate in the
study. Screening tests were administered at recruitment. Participants returned for a
75-g OGTT on a subsequent morning (usually within 7 days) after fasting overnight
for ≥10 h. Fasting and 2-h post-load venous blood specimens were collected during
this visit and FSG and 2-h SG concentrations were analyzed in a clinical laboratory
using glucose oxidase methodology.
The sensitivity and specificity of the ADA risk assessment questionnaire, CBG cut
point of 140 mg/dl and CBG cut point of 120 mg/dl were evaluated against OGTT 2hr serum glucose (SG) concentrations analysed from 2-hr postload venous blood
specimens, where IGT was defined as 2-h postload serum glucose ≥140 mg/dl and
<200 mg/dl and IFG was defined as 110–125 mg/dl.
For dysglycemia (IFG/IGT), the ADA questionnaire had a sensitivity of 69% and
specificity of 51% for pre-diabetes criterion FSG ≥ 110 mg /dl; sensitivity 72% and
specificity 53% for criterion 2-h SG≥ 140 mg/dl and sensitivity 69%, specificity 54%
for criterion FSG ≥ 110 mg /dl or 2-h SG ≥140 mg/dl.
The recommended CBG cut point of 140 mg/dl had a sensitivity of 41% and a
specificity of 97% for pre-diabetes criterion FSG ≥ 110 mg /dl, with lower sensitivities
for the other 2 criteria; specificities remained similar. For the alternative CBG cut
point of 120 mg/dl, the better performance was for pre-diabetes criterion FSG ≥ 110
mg /dl with a sensitivity of 62% and a specificity of 90%.
A combination of the ADA questionnaire and CBG cut point of 120 mg/dl yielded a
sensitivity of 45% and a specificity of 95% with the pre-diabetes criterion FSG ≥ 110
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mg /dl. The alternative 2 criteria gave lower sensitivities while specificities remained
similar (~95%).
Some differences for age and gender were noted but sensitivities and specificities
varied little by race or ethnicity.
The authors concluded that whilst the usefulness of the ADA questionnaire may be
limited by low specificity, lowering the cut point for the CBG test (e.g., to 120 mg/dl)
may improve sensitivity and still provide adequate specificity.

Rush et al (2008 -) aimed to determine the accuracy of a modern point of care test
(POCT) glucose meter and whether it was suitable for screening for dysglycaemia
(term used by the authors to describe diabetes, IGT or IFG) using a large cohort from
a randomised cluster controlled trial of intensive lifestyle change. A total of 3,225
Maori Participants aged 28 years and over were recruited from those already
enrolled in the in the Te Wai o Rona Diabetes Prevention Strategy, New Zealand
(total 60.7% uptake, reviewer calculation).
An Accu-chek Advantage meter and strips was used for glucose measurement, and
whole blood values were reported. In addition, venous blood was sampled followed
by a 2hr-OGTT.
With venous glucose ≥ 6.1 mmol/l as the criterion for diagnosis of pre-diabetes, the
POCT identified 14.9% compared with 17.8% in the OGTT (46.4% agreement
between tests). At an optimal cut point of 6.2 mmol/l, sensitivity of the POCT for
detecting any dysglycaemia was 44%, specificity 94%, PPV 32.9%, NPV 67.7%
(reviewer calculation) AuC was 0.76 (95% CI 0.74-0.79).
The authors identified the participant burden of the OGTT, and the benefit of fingerprick samples that are relatively easy to obtain compared with venous samples,
particularly in the obese. However, the authors suggest that POCT significantly
underestimated the true blood glucose at diagnostic levels for diabetes, and cannot
be recommended as a means of screening for or diagnosing diabetes or prediabetes.
Saaristo et al (2005 ++) evaluated the Finnish Diabetes Risk Score (FINDRISC) in a
Finnish population of 3092 participants, aged 45-74 years without known diabetes.
The risk score was developed for use in primary care though it can be selfadministered. An optimal score of 11 gave sensitivity for men of 45.6% (95% CI 41.7
– 49.5) and for women 53.4% (95% CI 49.1 – 57.7) in terms of identification of
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Abnormal Glucose Tolerance. Specificity was 24.6% (95% CI 21.3 – 27.9) for men
and 34.2% (95% CI 31.3 – 37.1) for women. Positive predictive values were 65.9%
(95% CI 61.5 – 70.4) for men and 57.7% (95% CI 54.4 – 61.10) for women. Negative
predictive values were 45.2% (95% CI 41.3 – 49.1) for men and 72.4% (95% CI 69.6
– 75.3) for women. Area under the Curve was reported as 0.65 in men and 0.66 in
women.
The authors concluded that (depending on the cut off point chosen), the FINDRISC
recognises undetected diabetes and glucose abnormalities fairly well. Waist
circumference is probably not commonly recognised by the general public as a risk
factor for T2D. In clinical practice, therefore, it is recommended that the questionnaire
responses should be checked by a practitioner.
Saydah et al (2002 +) Assessed the FPG and HbA1c (both tests using venous
plasma) as alternatives to the OGTT for identifying Impaired Glucose Tolerance in
people defined by the DPP as high risk (i.e. BMI ≥24 kg/m2). Of 2,844 high risk 4074 year olds in the US, 10.6% received the 2h OGTT as Reference Standard. The
authors stratified results by age and body mass index.
For the FPG, the optimum cut-off point was ≥ 5.8 mmol/l (37.5% of the sample) with
a sensitivity of 56.0 % (± 5.1), specificity 72.0% (± 1.9), PPV 17.1% (±2.9). For the
HbA1c, the optimum cut-off point was ≥ 5.5% (38.3% of the sample) with a sensitivity
of 60.0% (± 3.4), specificity 55.0% (± 4.3), PPV was 21.4% (±2.2).
The authors concluded that age and BMI influence the sensitivity of both tests in
detecting IGT. Both tests had relatively higher sensitivity and specificity when used to
screen people aged 60 to 74 years than for people between 40 and 59 years, but the
differences were not substantial. Sensitivity also increased when BMI increased from
≥ 24 to ≥ 27, or to ≥ 30 kg/m2.
To determine those who might be eligible for a DPP intervention in the general U.S.
population to reduce their risk of developing diabetes, measurement of height and
weight could immediately eliminate from further testing the 27.2% of individuals with
BMI ≥24 kg/m2. Measurement of fasting plasma glucose in those with BMI ≥24 kg/m2
would eliminate 41.1% of this group who are below or above the DPP fasting plasma
glucose criteria.
The authors predict that, for the 95 million people aged 40–74 years without
diagnosed diabetes in the US, 15 million would have to undergo an OGTT by this
scheme. A similar procedure could be followed using HbA1c ≥5.5%, which does not
require an individual to be fasting and can be measured in a blood sample collected
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without regard to time of the prior meal. However, the authors acknowledge that
these findings were based on a specific age range (40-74 years) and conclude that
neither fasting plasma glucose nor HbA1c alone are ideal screening tests.
Schwarz et al (2009 +) adapted the FINDRISC questionnaire for a German survey
by reducing the number of items from 8 to 6. Variables relating to diet and physical
activity were omitted because both items did not add much power for the prediction
of diabetes risk in previous studies. The maximum score that could be achived was
23. The questionnaire was completed by 771individuals with a family history of
metabolic syndrome from the 1996 survey, and 526 with a family history of type 2
diabetes from the 1997 survey.
All participants underwent physiological examination to determine BMI, and were
given the OGTT to determine blood glucose levels. Individuals with IGT and/or IFG
were analyzed as a combined glucose intolerance group using criteria according to
WHO / ADA guidelines. A total of 286 participants were diagnosed with IGT / IFG in
1996, increasing to 306 in 1997.
From the 1996 data, a cut off point of 12 was found to be optimal in achieving 77.5%
sensitivity and 67.8% specificity in 1996, with a PPV of 19.7% and NPV of 96.8% in
1996. Data from 1997 showed an optimal cut point of 9, with sensitivity 72.7%,
specificity 68.2%, PPV 29.4 and NPV 88.1. AUC values were 0.78 for 1996 data and
0.74 in 1997.
There was a significant association between higher scores and disease progression
(p<0.01) with mean FINDRISC values for NGT (n = 116) 5.32 (SD 3.68); for those
remaining IFG / IGT (n = 175) 7.54 (SD 4.08) and those with disease progression (n
= 76) 8.49 (SD 5.24).
According to the authors, participants with the highest FINDRISC value were the
highest proportion of individuals with diabetes at baseline, and the largest proportion
of them remained within the diabetes criteria during the 3 year follow-up, whereas
those with a low FINDRISC value comprised the highest proportion of individuals
remaining within normal glucose tolerance criteria. They state that the most relevant
application field of FINDRISC is on the primary care level, where population-based
screening strategies are needed and widely implemented. The use by primary care
physicians or other health care professionals would facilitate the detection of highrisk subjects and the institution of early preventive measures.
Simmons et al (2005+) carried out a multi-component study in which risk factors and
laboratory measures of glycaemia were compared for detection of undiagnosed
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diabetes and dysglycaemia (IGT/IFG). European, Maori and Pacific Islands residents
of inner urban South Auckland were randomly selected for invitation to participate in
the study using a stratified sampling frame by age and ethnicity. Of the 1928
individuals aged 40–59 years and 809 aged 60–79 years invited to participate, 1321
(68.5%) and 578 (71.4%) were screened for diabetes, 534 (67.9%) of whom attended
the OGTT. ROCs were calculated using sensitivity and 1-specificity (in %) using
weighted and unweighted data.
Three risk factors were identified for the study: a) treated for hypertension; b) obesity
(BMI ≥30 kg/m2); c) first-degree relative with diabetes.
Seven different screening strategies were employed:
1. Single blood test (immediate random glucose), followed by OGTT
2. Single blood test (fasting glucose) and HbA1c) followed by OGTT
3. Single blood test (HbA1c), followed by OGTT
Strategies 1–3 had sensitivities of 50.9%-66.3% for IFG/IGT
4. Straight to OGTT if any of the three risk factors (see above) are present
Strategy 4 gave a sensitivity of 71.6%.
5. Risk factor screening, followed by a single blood test (immediate random glucose),
followed by OGTT
6. Risk factor screening, followed by a single blood test (fasting glucose), followed by
OGTT
7. Risk factor screening, followed by a single blood test (HbA1c), followed by OGTT
Strategies 5–7 gave sensitivities of 44.2%-60.8%.
Risk factor screening was associated with approximately 9–12% less OGTTs.
Screening with a fasting glucose with a threshold for OGTT of 5.5 mmol/l had
substantially superior sensitivity to any other approach, whereas screening using
HbA1c with a threshold of 5.3% was also consistently superior to risk factor
screening. Use of random glucose testing followed by fasting glucose testing was
inferior to risk factor screening and screening only those with risk factors would have
missed 4/22 (18%) of those with an HbA1c of ≥8.0%.
The authors concluded that using risk factors as an initial stage in screening prior to
blood testing adds little to direct screening with the risk of missing some with
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significant hyperglycaemia, thus screening for dysglycaemia may best be undertaken
using blood tests without initial risk factor symptom screening.
Somannavar et al (2009 +) assessed random capillary blood glucose (RCBG) cut
points that discriminate diabetes, impaired glucose tolerance (IGT), and impaired
fasting glucose (IFG) relative to the oral glucose tolerance test (OGTT). Participants
were recruited through opportunistic diabetes screening camps in Chennai, India, as
part of the Prevention Awareness Counselling and Evaluation (PACE) Diabetes
Project. Of the 103,878 people who attended, 73.8% (76,645) underwent an RCBG
test. Those self-reporting diabetes were excluded (n=13,340), and from the
remaining 63,305, 1500 were randomly selected to attend for an OGTT, with an
uptake of 1333 (88.9%).
Different cut points for RCBG were evaluated against IGT (2-hr plasma glucose) and
IFG (fasting plasma glucose at both WHO and ADA cut points). For IGT, and at an
RCBG cut point of 6.6 mmol/l, sensitivity was 64.7%,specificity 65.5%, PPV 27%,
AUC 0.715.
Using the IFG (WHO) criterion of FPG ≥ 6.1 mmol/l and <7.0 mmol/l, at an RCBG cut
point of 6.6 mmol/l, sensitivity was 62.8%, specificity 62.9%, PPV 25%, AUC 0.683.
For the IFG (ADA) criterion of FPG≥ 5.6 mmol/l and <7.0 mmol/l, the RCBG optimal
cut point was 6.3 mmol/l, giving a sensitivity of 62.8%, specificity 58.6%, PPV 47%,
AUC 0.619 .
The authors concluded that Asian Indians with a risk assessment result RCBG > 6.1
mmol/l can be recommended to undergo definitive testing, in order to help limit the
number of individuals who must arrive for screening in a fasting state and reduce the
costs of screening.
Thomas et al (2006 +) assessed how well the Cambridge Risk Score and BMI could
detect individuals in midlife with HbA1c levels greater than or equal to 6.0% (prediabetes) as well as 7.0% and 5.5%.
Participants in the study were drawn from the 1958 Birth Cohort, which consists of
data on approximately 17,000 individuals born during a single week in March 1958 in
England, Scotland, and Wales. Survivors have been interviewed regularly at 7, 11,
23, 33, and 42 years of age, and at 45 years of age, a survey of biomedical risk
factors and disease outcomes was undertaken that included physical assessments
and blood collection. Data were available from 7,452 individuals without known
diabetes who participated in a biomedical survey and gave a blood sample from
which an HbA1c measure was obtained.
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Of the total sample, 3.8% (95% CI, 3.2%-4.5%) had HbA1c levels of 6.0% or more.
The Cambridge Risk Score at an optimal cut point of ≥ 0.128 detected individuals
with elevated HbA1c levels with reasonable accuracy (AUC, 0.76 for HbA1c level
≥6.0%). Similar AUC values were obtained using BMI alone (0.79 for HbA1c level
≥6.0%). Sensitivity at this level was 78.2%, specificity 63.9% and PPV 6.4 (NPV not
reported).
When tested using the lower HbA1c threshold of 5.5% or more, the Cambridge Risk
Score and BMI did not perform well (AUC, 0.65 and 0.63 for Cambridge Risk Score
and BMI, respectively). The CRS identified 22.6% of the sample at increased risk of
diabetes, whilst BMI alone identified 23.7%.
Woolthius et al (2007 +) examined use of the ProMedico EMR software in 11
practices in the Netherlands to detect IFG and type 2 diabetes. Whilst diagnoses and
medication were consistently coded within the software system, family history of
T2DM and history of gestational diabetes were not and could not therefore be used
as risk factors for identification. Patients were mainly Caucasian so that ethnicity was
not included as a risk factor. Risk status (risk / no risk) was marked in the EMR with
an alert to trigger GPs at the next usual care visit. Measurement of FPG was
requested for at-risk patients. For those coded ‗no risk‘, GPs were requested to verify
coded information and complete missing risk factor data. If this assessment revealed
risk, FPG was requested as if for those with EMR coded risk.
The total patient population aged 45 to 75 years was 14,457, 6% of whom had a
diagnosis of diabetes. The remaining 13,581 were included in the study. EMR risk
identified 3858 (28%) at risk; those with known diabetes were older (mean 61.4
years) than those with EMR derived risk (mean 60.5 years), who were in turn older
than those without EMR derived risk (mean 55.2 years). There was little inter-practice
variation. In total, 1886 patients (91%) with an EMR derived risk and 1449 patients at
risk after additional assessment (88%) returned for FPG measurement. Patients in
the first group were more often male (44.2% vs 39.9%) and older (mean 60.3 vs 55.6
years) than the second group. In the first group, 13.5% exceeded the cut-point for
IFG; in the second group, 9.6% exceeded the cut point.
Limitations to the study included poor recording of obesity and family history of
diabetes; this data was mainly retrieved at the additional assessment during
consultation. Although patients had to return in a fasting state for the FPG, the
authors state that they were willing to do so, with 90% attendance.
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The authors state that over 3 years this method would result in all patients coded at
risk attending the GP, which is in line with the ADA recommendation for a 3-year
interval in diabetes risk assessment. The universal access and continuity of patient
registration enabled the programme to take place. Other health care systems may
differ in terms of feasibility. The FPG was performed rather than the OGTT due to
being easier and quicker, more acceptable to patients and cheaper, with use of
portable glucose meters available in general practice. A barrier is the variability in
performance of such meters, with risk of false-negatives and false-positive outcomes.
The issue of false positives was addressed by repeat testing of those that had results
above the cut-point. Repeat testing could also take place to limit false negatives,
though this was not within the study strategy.
During the 1-year study period, 5,277 (39%) patients had an encounter with a family
practitioner during which screening was discussed. According to initial risk
assessment, 3,724 (71%) of these were at high risk for diabetes and 1,553 (29%)
were at low risk; 90% (3335) of the high-risk patients and 86% (398) of the 465
invited low-risk patients returned for a first capillary FPG measurement after
invitation.
Among high-risk patients, a second capillary FPG was performed in 496 high-risk
patients, or 88% of those invited and venous sample was collected in 125 (74%) of
these patients. Of these, 81% had undiagnosed type 2 diabetes, 16% had IFG, and
3% had a normal fasting glucose level.
Zhou et al (2009 +) recruited individuals who had participated in a diabetes survey
conducted in Beijing, to determine the performance of glycated haemoglobin (HbA1c)
as a screening tool for detecting newly diagnosed diabetes and pre-diabetes. A total
of 903 out of a possible 915 individuals, aged 21 – 79 years, without previously
diagnosed diabetes were recruited from the survey population. HbA1c and other
required covariates had already been measured. The mean age for the individuals
was 55.0 years (95% CI 54.3 to 55.6), mean BMI was 26.3 (95% CI 26.1 to 26.5) and
26.5% were male.
The reference standard used was 75g OGTT. A total of 22.4% of the sample were
diagnosed with pre-diabetes. Those with pre-diabetes and diabetes tended to be
older, more obese, dyslipidaemic and hypertensive compared to those with normal
glucose tolerance. The authors claimed that the optimal cut-off point for pre-diabetes
was HbA1c ≥ 5.7%, giving a sensitivity of 59.4%, specificity 73.9%, PPV 46.0%, NPV
54.7% (reviewer calculation). AuC was 0.73. The authors concluded from this study
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that HbA1c as a single screening test was adequate to detect newly diagnosed
diabetes but was not able to properly identify pre-diabetes in an obese Chinese
population.
Zhou et al (2010 +) recruited individuals who had participated in a diabetes survey
conducted in Qingdao, China, to evaluate the performance of A1C and fasting
capillary blood glucose (FCG) tests as mass screening tools for diabetes and prediabetes. Of the 6,100 individuals, who had participated in the diabetes survey, 2,332
(aged 35 to 74 years) without a prior history of diabetes met the inclusion criteria for
the study. The response rate overall was 87.8%. Mean age for the study participants
was 49.5 years (95% CI 48.9 – 50.2) for males (986), and 49.3 years (95% CI 48.8 –
49.8) for females (1,346). The mean BMI was 25.7 (95% CI 25.5 – 25.8) for males,
and 25.8 (95% CI 25.6 – 26.0) for females.
The reference standard used was a two hour 75g OGTT. At cut point ≥ 6.0%,
sensitivity of the Fasting Capillary Glucose indicator was 60.5%, specificity 62.3%,
PPV 50.3%, NPV 50.4% (reviewer calculation) for males. For females, sensitivity was
56.7%, specificity 67.8%, PPV 46.7%, NPV 54.0% (reviewer calculation). AuC was
0.64 for men and 0.65 for women.
At cut point ≥ 6.5%, sensitivity of the HbA1c was 4.5%, specificity 88.3%, PPV 5.0%,
NPV 95% (reviewer calculation) for males. For females, sensitivity was 5.7%,
specificity 89.4%, PPV 6.0%, NPV 96% (reviewer calculation). AuC was 0.47 for men
and 0.51 for women. The HbA1c was reported not to distinguish between prediabetes and normal glycaemia.
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6.3

Characteristics of included studies by strategy

A stepped approach to identification and risk assessment moves patients through
stages of risk assessment depending on the results at each stage. The first step is
the use of routine medical records to identify those patients at heightened risk from
type 2 diabetes due to age, raised BMI and family history of type 2 diabetes. Step 2
would be further assessment of those potentially at heightened risk using a validated
risk score. A score that is equal to or greater than the cut-off described in guidelines
would then lead to step 3, further investigation using proven diagnostic methods to
determine blood glucose levels.
This section presents the characteristics of included studies for each step in the
identification and risk assessment process as well as those that assess a strategy of
two or more steps.
Reference Standards
Oral Glucose Tolerance Test (OGTT / 2h-OGTT)
The OGTT is regarded as the ‗gold standard‘ for diagnosis of type 2 diabetes /
impaired glucose tolerance and is often used in evaluation studies as a ‗Reference
Standard‘. Participants need to fast from midnight prior to an OGTT and on arrival for
the test, a blood test is taken. Liquid containing 75g glucose is then consumed and
further blood testing takes place every 30 – 60 minutes. It takes up to three hours to
complete the test. The performances of tools that are being evaluated in the included
studies (Index and comparators) for identification of IGT are compared with results
from the OGTT.
Fasting Plasma Glucose (FPG)
The Fasting Plasma Glucose test is used to identify Impaired Fasting Glucose (IFG)
with criteria 6.1- 6.9 mmol/l. However it can also identify IGT at cut point of <7,0
mmol/l or diabetes at >7,0 mmol/l. In the included studies the FPG is used either as
Reference Standard for IFG, or as an index / comparator test.
Approaches based on demographic and routine data
Individuals with IFG, IGT or IGR (collectively known as pre-diabetes) are at high risk
of developing type 2 diabetes. Identification of those patients with known risk factors
associated with the development of type 2 diabetes can be followed up with further
diagnostic tests. This limits the need to perform diagnostic tests on everyone. Risk
factors include age, a raised BMI and / or waist circumference, family history of
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T2DM, history of gestational diabetes and ethnicity (see introduction for full list of risk
criteria). Whilst patients may be assessed for risk on an ad hoc basis during visits to
their general practitioner or practice nurse, more systematic approaches are
suggested within the literature.
Computerized searching of routinely kept records within general practice may show
that a patient is at increased risk for type 2 diabetes or pre-diabetes due to being
older (over 40 years), having a raised BMI and / or a family history of type 2 diabetes.
The patient‘s degree of risk can be assessed further using a validated risk score prior
to the measurement of blood glucose levels.
Five included studies assessed the use of routine medical data in the identification of
individuals at risk of pre-diabetes. Two studies used the presence of risk factors
without designating a score for identification of IFG. A further two studies assessed
the Cambridge Risk Score, which is a tool using data routinely held in general
practice, based on the probability of having type 2 diabetes using co-efficients
developed from a UK prevalence survey (Griffin et al, 2000). The score uses risk
variables such as age, sex, BMI, family history of diabetes, smoking and prescribed
anti-hypertensive medication and is the sum of the co-efficients described in the
model. A higher score denotes a higher probability of having type 2 diabetes. In the
two included studies, the score was tested for its ability to detect hyperglycaemia.
Table 2: Characteristics of Demographic Routine Data studies
Study
Greaves
2004
Heldegaard
2006
Thomas
2006
Woolthius
2007 / 2009

n

Delivery
setting

Target
population

Age
range

Index / Comparitor

Reference
Standard

1287

SW England

27-70

Medical Records

FPG

1355

Denmark

20-69

Cambridge Risk Score

OGTT

7,452

UK

6 GP practice
lists
1 GP practice
list
Mid life Survey

45

Cambridge Risk Score

HbA1c

13,581

Netherlands

11 GP
Practices

45-75

ProMedico EMR software

FPG

Approaches using Risk Score Tools
Whilst use of routine medical data does not require patients to become involved prior
to the score being determined, the risk scores described in this section consist of a
questionnaire that requires information from the patient. Questionnaires can usually
be completed by the patient with or without assistance from a practitioner.
Seven included studies assessed the use of questionnaire-based risk scores to
identify individuals at increased risk from pre-diabetes in population or primary care
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based studies. Variables included in the questionnaires are described in specific
sections on each study; all included age and some measure of obesity (e.g. BMI).
Two studies were carried out in the UK, the remainder in Europe.
Finnish Risk Score (FINDRISC)
The FINDRISC questionnaire was developed in Finland to identify those at high risk
of type 2 diabetes prior to intervention (Lindstrom & Tuomilehto 2003b). It consists of
8 questions relating to risk factors for Type 2 Diabetes. Scores for each question are
weighted according to the strength of association between risk factor and the
condition. The range of scores is 0-26 with a cut off ≥ 12 points identifying high risk.
The FINDRISC has been adapted for use in a range of populations, providing
variations on the risk score that are assessed in this review. Shortened Finnish and
German versions (Saaristo et al 2005; Schwarz et al 2007) have been assessed. A
UK version, the Leicester Risk Assessment (LRA) tool, with scores 0-47, and an
optimal cut point of ≥ 16 to identify high risk was adapted for the lay multi-ethnic
population (Gray et al 2010). An Italian version (Diabetes Risk Score) with a range 020 and a cut off point of ≥ 9 points targeted a population with one or more CVD risk
factor (Franciosi et al 2005).
Other Risk Scores
A Diabetes Risk Score was developed in the Netherlands using samples from the
Inter99 and ADDITION study populations (Glumer et al 2004). The aim was to
develop a one page questionnaire that was self-administered, with 75% sensitivity for
identifying undiagnosed type 2 diabetes. A similar aim inspired the US Diabetes Risk
Calculator, which was developed using logistic regression with the NHANES III
dataset to identify the probability of developing diabetes or pre-diabetes (Heikes et al
2008). A risk score recommended by the American Diabetes Association (ADA)
questionnaire was evaluated alongside Capillary Glucose Blood tests at different cutpoints by Rolka et al (2001). The ADA risk score has 7 weighted items that reflect
risk for diabetes, with a cut point of ≥ 10 denoting a positive result.
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Table 3: Characteristics of Risk Score studies
Study

n

Delivery
setting

Target
population

Age
range

Franciosi
2005 +

1,377

Italy

Random
Primary care

55-75

Gray 2010
+
Glumer
2004 +

6,390

UK

Multi-ethnic

40-75

6,784
1,028

Denmark

Population
based

30-60
40-69

Heikes
2008 +
Rolka 2001
+
Saaristo
2005 ++
Schwarz
2009 +

7,092

US

40-75

1,471

US

3,092

Finland

771
526

Germany

Population
survey
Health care
users
Population
based
1996 & 1997
Population
surveys

Index / Comparitor

Reference
Standard
OGTT

≥ 20

Diabetes Risk Score
(Italian; adapted from
FINDRISC)
Leicester Risk
Assessment
Diabetes Risk Score
(not adapted from
FINDRISC)
Diabetes Risk
Calculator
ADA questionnaire

45-74

FINDRISC

OGTT

NR

Adapted
FINDRISC

OGTT

OGTT
OGTT

OGTT
OGTT

Approaches using Blood Glucose Indicator tests
Whilst the OGTT and the FPG are the standard measures for identification of IGT
and IFG respectively, alternatives to the OGTT are being evaluated for risk
assessment purposes due to time and cost implications. A range of blood glucose
indicators from simple random tests using capillary blood samples and pocket size
monitors through fasting blood glucose tests to HbA1c were assessed in the included
studies for their ability to detect pre-diabetes. Studies varied in terms of setting and
population as well as included age groups. Some studies targeted random
populations and others high risk individuals.
Non-fasting blood tests
Point of care / random testing
Point of care (POCT) and random blood glucose tests are not necessarily associated
with a particular time of the day, such as a mealtime. They can be carried out at any
time to confirm hyperglycemia. Random testing that results in blood sugar readings
of 11 mmol/l or more usually indicate the need for further testing.
Glucose Challenge Test (GCT)
Similar to the OGTT though without the requirement to fast, glucose challenge tests
have been traditionally used to screen for gestational diabetes. A range of variations
are being evaluated in terms of the amount of glucose consumed and the length of
time elapse between consumption and blood glucose testing.
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Spectroscopic measurement of skin advanced glycation end products (SAGE)
A non-invasive method of identifying biomarkers for diabetes utilizes spectroscopic
measurement of skin fluorescence, which alters in respect to the speed at which
advanced glycated end products (AGEs) are produced. AGEs accumulate faster in
individuals with diabetes, and are reported to correlate with integrated glycaemic
exposure (Maynard et al 2007)
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Table 4: Characteristics of studies assessing Non-fasting blood tests
Study

n

Delivery
setting

Target
population

Age
range

Maynard
2007 -

351

US

Opportunistic
through
advertising

21-86

Phillips 2009
+

1,573

US

18-87

Rush 2008 -

3,225

New
Zealand

Somannavar
2009 +

76,645

Chennai,
India

Health
system,
Health Care,
University
and Schools
of Medicine
employees.
Members of
the
community.
Maoris from
Te Wai o
Rona
Diabetes
Prevention
Strategy
Opportunistic
diabetes
screening
camps

Index / Comparitor

Reference
Standard

Spectroscopic
measurement
of
dermal
advanced
glycation end products
(SAGE).
Oral glucose challenge
test

OGTT

≥28

POCT using
Accu-chek Advantage
meter

OGTT

NR

Random
capillary
blood glucose (RCBG)

OGTT

OGTT

Fasting Blood Glucose Indicators
Plasma or capillary blood taken following a fast of between 8 and 10 hours can be
used as an indicator of pre-diabetes or type 2 diabetes. Levels of blood glucose of
6.1 mmol/l to 6.9 mmol/l indicate impaired glucose tolerance (IGT). Blood glucose
levels below this are regarded as normal, whilst those above 7.0 mmol/l indicate type
2 diabetes. However, an oral glucose tolerance test is may be carried out to confirm
the diagnosis.
HbA1c
The HbA1c test measures the amount of glycated haemoglobin present in venous
blood. Glycated haemoglobin is a substance found in red blood cells that is formed
when blood glucose attaches to haemoglobin. This process occurs slowly over
several weeks, therefore the test gives an average reading of blood glucose over the
previous 8 to 12 weeks.
An HbA1c result of ≤ 6% is considered normal. The recommended criterion for
diagnosing diabetes is an HbA1c level above 6.5%. The method of presenting HbA1c
measures will change in May 2011 from percentages to mmol/l.
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Table 5: Characteristics of studies assessing Fasting Blood Glucose and
HbA1c tests
Study

n

Delivery
setting

Target
population

Age
range

Gomyo
2004 +
GuerreoRomero
2006 +

997

Japan

JDPP trial

30-59

844

Mexico

Cluster
sample

34-64

Herdzik
2002 +

538

Poland

≥ 18

Hu 2009 +

2,298

China

Mannucci
2003 +
Mohan
2010 +

1,215

Italy

2,350

India

Mostafa
2010 +

8,696

UK

Saydah
2002 +
Zhou 2009
+
Zhou 2010
+

2,844

US

903

China

2,332

China

At risk for
diabetes;
hospital clinic
General
population
with ≥ 1 risk
factor
General
population
Chennai
Urban Rural
Epidemiology
Study
(CURES)
Study
population
(LEADER)
High risk for
diabetes
General
population
General
population

Index / Comparitor

Reference
Standard

Combination of FPG
and HbA1c
FPG at different cutpoints

OGTT

FCG
FRA
HbA1c
FPG
HbA1c

OGTT

FPG
HbA1c
HbA1c

OGTT

40 - 75

HbA1c across 2
ranges

OGTT

40-74

FPG
HbA1c
HbA1c

OGTT

FCG
HbA1c

OGTT

≥ 18

30–70
≥ 20

21-79
35-74

OGTT

OGTT

OGTTfor
IGT
FPG for
IFG

OGTT

Stepped strategies
Using a stepped strategy for identification of pre-diabetes allows those at highest risk
to be followed through, cutting down the extent of blood glucose testing required. A
typical strategy would begin with a risk assessment using demographical data from
medical records and/or a risk score questionnaire to identify individuals who have at
least one risk factor (e.g. age over 40 years, BMI ≥ 25, family history of type 2
diabetes). Only those fulfilling the criteria of the first step are tested for raised blood
glucose levels using one or more of a range of tests, as previously described.

Six studies were included that assessed at least 2 strategies within one study. The
characteristics of these studies are listed below.
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Table 6: Characteristics of studies assessing stepped strategies
Study

n

Delivery
setting

Target
population

Age
range

Index / Comparitor

Reference
Standard

At risk for
diabetes;
AusDab
sample
Random
Primary care

≥ 25

Risk assessment, FPG
and HbA1c.

OGTT

55-75

OGTT

Sweden

Mid –age
women

50-59

260

Germany

≥ 18

Rolka 2001
+

1,471

US

1,899

New
Zealand

ADA
questionnaire
and CBG at 2 different
cut points
Single blood test
Risk factors
Risk factors + blood
test

OGTT

Simmons
2005 +

General
practice
population
with
hypertension
Routine
health care
cases
European,
Maori, Pacific
Islanders
(age
and
ethnicity)

Diabetes Risk Score
FBG at 2 cut points
DRS + FBG at 2 cut
points
Risk assessment
questionnaire, physical
examination, RCBG
6 Multi-component
models including FPG,
HbA1c, age, BMI and
WC

Colagiuri
2004 +

10,508

Australia

Franciosi
2005 +

1,377

Italy

Lidfelt 2001
++

6.917

Luders
2005 +

6.4

≥ 20

40-79

OGTT

OGTT

OGTT

Study findings

Tables 7-17 display the performances of risk assessment tools as well as blood
glucose measures. Each strategy is presented within a separate table to allow
comparisons to be made between performances, which are stated as the sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV) and Area
under the curve (AuC). Where possible, the tools and measures are listed in rising
order of reported optimal cut point.

Whilst some studies assess a single tool or measure (typically using the OGTT as
reference standard to detect abnormal glycaemia), many compare at least one tool or
measure and some assess a combination of measures that are carried out in a
stepped approach. For example, having a high risk score could lead to a fasting
blood sugar measure and / or an HbA1c measure. Some studies assess the
identification of a range of risk factors to determine the most predictive factor for prediabetes.
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Whilst WHO have stated that HbA1c at cut point 6.5% can be used, in optimal
conditions, to diagnose type 2 diabetes, the studies included in this review were
published previous to this statement and therefore do not use HbA1c as a diagnostic
tool (though they may assess the possibility of this approach). In any case, the new
statement precludes the use of HbA1c for the diagnosis of pre-diabetes, with which
this review is concerned.
Approaches based on demographic and routine data

Three included studies assessed the use of routine medical data to identify risk
factors either alone (Greaves et al 2004), or prior to further testing of blood glucose
(Lidfelt et al 2001; Simmons et al 2005). Such risk factors include age, BMI and
family history of diabetes (see section 5.2). Individuals having at least one of these
factors are considered at increased risk from type 2 diabetes and pre-diabetes and
can therefore be targeted for further assessment, which may be a questionnaire, and
/ or blood glucose measures.
Table 7: Findings from studies assessing Demographic Routine Data
Study

Measure

Greaves
2004

Medical
Records

*Lidfelt
2001

Risk factors

*Simmons
2005

Risk factors

Target
population
16 GP
practice
lists
Sweden
Mid-life
women
Maori,
Pacific
general
population

Optimal
cut
point
NA
BMI ≥
30
Waist /
hip ≥ 90
Any of 3

Sensitivity

Specificity

Prevalence

AuC

NA

NA

7.2% IFG

NA

NA

70%

55%

3.7%
IFG / IGT

NR

33.6%
(85.1%)

71.6%

NR

20% IFG /
IGT

0.61

43.5% for
IFG / IGT
/ DM

*Part of a stepped strategy
No performance data was given for using medical records alone. In the two stepped
strategies, assessing risk factors gave similar sensitivity (around 70%) and PPV (3343%). The NPV for use of this approach in Swedish middle aged women was 85.1%.
The populations in these studies differed in that Lidfelt et al (2001) focussed on midage women whilst Simmons et al (2005) targeted three populations; Maori, Pacific
Islanders, and a European white sample. For Lidfelt et al (2001), the optimum cut
point was BMI of at least 30, which represents an obese population.

77

PPV
(NPV)

Preventing progression of pre-diabetes to type 2 diabetes in adults

Evidence statement 1:
Approaches to identification based on demographic and routine data
There was moderate evidence [+] from four studies of the usefulness of
demographic data from routine medical recording systems in identifying people at
risk of Impaired Fasting Glucose (IFG) (Greaves et al 2004 UK +; Lidfelt et al 2001 +;
Simmons et al 2005 +; Woolthuis et al 2007 Netherlands +). The studies used data
on characteristics associated with diabetes risk. Two studies used this process as
part of a stepped strategy.
Greaves et al (2004 UK +) reported an overall uptake rate of 61% (95% CI 55.7-65.6)
from 15 practices. There was no reported response bias associated with age or
gender. BMI data was available in 76.8% (95% CI 71.7 – 81.9) of cases. There was
data misclassification in 20% of these cases. Of the 199 participants with abnormal
blood glucose, 100% attended for a follow up blood test.
Lidfelt et al (2001 Sweden +) reported 70% sensitivity, 55% specificity for the
assessment of risk factors in mid age women prior to further testing. Prevalence of
pre-diabetes in this sample was low (3.7%). PPV was 33%; no AuC was reported.
Simmons et al (2005 New Zealand +) reported a similar sensitivity of 71.6% and PPV
43.5% for risk assessment prior to further testing in a population of Maori, White
European and pacific Islanders with high prevalence of pre-diabetes (20%). AuC was
0.61.
Woolthuis et al (2007 Netherlands +) reported that the Electronic Medical Record
(EMR) with additional risk assessment was successful in identifying risk in 28% of the
total population from 11 general practices.

Approaches using risk score tools
The Cambridge Risk Score (CRS)
The CRS was developed in the UK for use with routine medical data. Further details
of the score are described in section 6.3. The score was assessed in two included
studies, one based in the UK and targeting the midlife general population (Thomas et
al 2006) and one based in Denmark general practices (Heldegaard et al 2006).
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Table 8: Findings from studies assessing risk scores based on medical data
Study

Measure

Target
population

Optimal
cut
point

Sensitivity

Specificity

Prevalence

AuC

PPV
(NPV)

3.1% with
HbA1c ≥ 6
mmol/l
10.4%
IGT / IFG

0.76

6.4%
(NR)

0.74

29.8%
(91.6)

Thomas
2006

Cambridge
Risk Score

Mid life
Survey

≥0.128

78.2%

63.9%

Heldegaard
2006

Cambridge
Risk Score

1 GP
practice list

0.246

47.1%

83.9%

The two studies reported optimal cut-points of ≥ 0.128 and ≥ 0.246 respectively. Area
under the curve was similar in both studies (around 0.75). Prevalence of pre-diabetes
was higher in the practice population (Heldegaard et al 2006). The UK study
(Thomas et al 2006) reported higher sensitivity but the practice based tool was more
specific and had a higher PPV A total of 22.6% of the sample were identified as at
risk for diabetes compared to BMI alone which identified 23.7% (see Table 8).

Evidence statement 2:
Approaches to identification based on validated scores for demographic and
routine data
There was moderate evidence [+] from two studies for the relative performance of the
Cambridge Risk Score (Thomas et al 2006 UK +; Heldegaard et al 2006 Denmark +).
One UK evaluation (Thomas et al 2006 UK +) utilised a survey sample of 45 year old
individuals. Of the 84% of the respondents that received an HbA1c measurement,
3% were identified as having HbA1c ≥ 6.0%. The Cambridge Risk Score at a cut off
≥ 0.128 was reported to have sensitivity of 78.2%, specificity 63.9%, PPV 6.4% (no
NPV reported), and Area under the Curve 0.76 for identifying hyperglycaemia
(HbA1c ≥ 6.0%). A total of 22.6% of the sample were identified as at risk for diabetes
compared to BMI alone which identified 23.7%.
An evaluation of the CRS in a general practice population (Heldegaard et al 2006
Denmark +) with a 69% response rate to the initial questionnaire found that 42% of
the sample had Impaired Glucose Regulation (IFG and / or IGT) based on
assessment of high risk. An optimal cut off of ≥ 0.246 on the risk score gave
sensitivity 47.1%, specificity 83.9%, PPV 29.8%, NPV 91.6%, AuC 0.74.

Questionnaire-based Risk Scores for the identification of pre-diabetes
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As described in section 6.3, questionnaire based risk score tools are completed by
participants though they may require some supervision. Seven studies assessed the
use of such questionnaires, mainly in the general population.
Table 9: Findings from studies assessing Questionnaire based risk scores
Study

Measure

Population

Optimal
cut point

Sensitivity

Specificity

Prevalence

AuC

PPV
(NPV)

Franciosi
2005

Diabetes Risk
Score

>9

77%

45%

11%
IFG/IGT

0.67

†Gray
2010

Leicester Risk
Assessment

≥16

72%

54%

19.5%
IGR / T2DM

Danish
Diabetes Risk
Score

≥31

a) 46.5%
b) 47.9%
c) 45.2%

NR

a)12.6%
b) 10.9%
c) 9.2%
IGT

0.72
for
T2DM
NR

DRS
only:
48%
(76%)
27.7%
(88.8%)

Glumer
2004

Heikes
2008

Diabetes Risk
Calculator

25% risk
probability

75%

65%

49%
(85%)

ADA risk
assessment
questionnaire
FINDRISC

ADA ≥ 10

69%

54%

26.14%
IFG and / or
IGT
15% IFG /
IGT

0.75

*Rolka
2001

Italy
At least 1
CVD risk
factor
UK
Lay multiethnic
Denmark
Inter99 a)
and b)
c) ADDITION
pilot
US
General
population
US
General
population
Finland
General
population

NR

 58.2%
(42.6%)

Score of
11

45.6% men;
53.4%
women

24.6% men;
34.2%
women

50.6% men
33.3%
women
AGT

0.65
men
0.66
wome
n

Germany
Risk of
metabolic
syndrome

12

77.5%

67.8%

37.2%
IGT /IFG

0.78

9

72.7%

68.2%

65.9%
(57.7%)
men
45.2%
(72.4%)
women
19.7%
(96.8%)
29.7%
(92.9%)

Saaristo
2005

Schwarz
2009

Adapted
FINDRISC (6item)

NR = Not Reported
* Part of stepped strategy / multi-component study
† This study assessed IGR and T2DM together

0.74



Questionnaire Risk Scores for the identification of pre-diabetes based on
FINDRISC
One assessment (Franciosi et al 2005) was carried out in primary care and reported
the lowest optimal cut-point to obtain relatively high sensitivity (77%) but low
specificity (45%). This study reported the lowest prevalence (11%) of pre-diabetes
and the tool gave the lowest AuC (0.67).
Saaristo et al (2005) reported that the FINDRISC, developed and tested in Finland, at
an optimal score of 11 gave low sensitivity and specificity though PPV and were
relatively high. There was a differential performance between men and women with
men having higher PPV (65.9%) and women higher NPV (72.4%).
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A shortened version of FINDRISC (6 items rather than 8) adapted in Germany
(Schwarz et al 2009) was sensitive (73% and 78%) at cut points 9 and 12 and had a
NPV of over 90% at both scores. AuC was over 74 for both scores. The prevalence
of pre-diabetes was relatively high in this general population sample identified at risk
of metabolic syndrome.
In the UK, the Leicester Risk Assessment (Gray et al 2010) was developed
specifically for a lay multi-ethnic population. At optimal cut-point 16, the tool had an
AuC of 0.72 for type 2 diabetes, and an NPV of 88.8%. The remaining studies
reported a range of performances that are presented in Table 9.

Evidence statement 4:
Questionnaire Risk Scores for the identification of pre-diabetes based on
FINDRISC
There was strong evidence [++; +] from four studies (Franciosi et al 2005 Italy +;
Saaristo et al 2005 Finland ++; Schwarz et al 2007 Finland +; Gray et al 2010 UK +)
that assessed the FINDRISC score.
The Italian Diabetes Risk Score, adapted for a CVD risk population, showed 77%
specificity, 45% specificity at cut point 9 for identifying diabetes or IGT, with PPV
48%, AuC 0.67 (Franciosi et al 2005 Italy +).
The 8-item FINDRISC score (Saaristo et al 2005 Finland ++) with a maximum score
of 26 was more sensitive and specific at cut point 11 for women than for men in a
general population survey for identifying Abnormal Glucose Tolerance (IFG / IGT).
The PPV was higher for men (65.9 at cut point 11 compared to 45.2 for women)
The NPV was correspondingly lower in men (57.7 compared to 72.4). AuC was 0.65
in men and 0.66 in women.
A shortened German version (Schwarz et al 2009 Finland +) with maximum score
of 23 was more sensitive and specific at cut point 12 than the Finnish version at
identifying IFG / IGT in a population with a family history of T2DM. There was
evidence of good association between progressively higher scores and disease
progression (P<0.01). 1996 data produced an optimal cut off point of 12 with 77.5%
sensitivity and 67.8% specificity, PPV 19.7% and NPV 96.8%, AuC 0.78. 1997 data
produced an optimal cut point of 9, with sensitivity 72.7%, specificity 68.2%, PPV
29.4 and NPV 88.1, AuC 0.74.
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Gray et al (2010 UK +) assessed the Leicester Risk Assessment (LRA) with a
maximum score of 47 aimed at identification of Impaired Glucose Regulation /
T2DM in a lay multi-ethnic population. A sensitivity of 72.1% and specificity 54.1%
at cut point 16 was reported, with a PPV of 27.7% and an NPV of 88.8%. AuC was
not reported.

Other questionnaire based risk scores
Heikes et al (2008) assessed the US Diabetes Risk Calculator. At cut point 0.254 the
score had a similar sensitivity (75%) but higher specificity (65%) for identifying IFG /
IGT as the Italian Diabetes Risk Calculator (77% and 45% respectively; Franciosi
2005) at a cut point of 9. PPVs were similar at 49% and 48% respectively. NPVs
were 85% and 76% respectively.
Glumer et al (2004) assessed the Danish Diabetes Risk Score. At cut point 31
sensitivity was reported to be between 45.2% and 47.8% across the two study
groups and pilot. No other data for identifying IGT was given. The 7 item ADA
questionnaire at cut point ≥10 gave a maximum specificity of 54% for dysglycaemia
in a general US population (Rolka et al 2001).

Evidence statement 6:
Other questionnaire based Risk Scores for the identification of pre-diabetes
There was moderate [+] evidence from three studies (Heikes et al 2008 US +;
Glumer et al 2004 Denmark +; Rolka et al 2001 US +) relating to questionnaire based
risk scores not based on FINDRISC.
In one US population survey study (Heikes et al 2008 US +) the US Diabetes Risk
Calculator at cut point 0.254 had a similar sensitivity (75%) but higher specificity
(65%) for identifying IFG / IGT as the Italian Diabetes Risk Calculator (77% and 45%
respectively; Franciosi 2005 Italy +) at a cut point of 9 for identifying glucose
abnormalities. PPVs were similar at 49% and 48% respectively. NPVs were 85% and
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76% respectively.
The Danish Diabetes Risk Score (Glumer et al 2004 Denmark +) at cut point 31 and
with 50% uptake had sensitivities between 45.2% and 47.8% across the two study
groups and pilot. No other data for identifying IGT was given. The 7 item ADA
questionnaire at cut point ≥10 gave a maximum specificity of 54% for dysglycaemia
in a general US population (Rolka et al 2001 US +).

Approaches using Blood Glucose Indicator tests
A range of blood glucose indicators were assessed in the included studies for their
ability to detect pre-diabetes as compared to the gold standard OGTT. As described
in section 6.3, indicators can be differentiated by the requirements of the test and the
kind of measures that can be made. For example, some tests require the participant
to fast prior to taking blood, and others do not. HbA1c does not require patients to be
fasting and provides an aggregated measure of blood glucose over time, whilst other
tests provide a measure that is current, and therefore prone to fluctuation over time
and with changes in eating and physical activity behaviours.

Non-fasting tests
A convenient non-fasting indicator in terms of time and instant results is the point of
care test. Four studies assessed the use of capillary blood tests either alone or within
a multi-component study. In addition, one study (Phillips et al 2009) assessed the
one hour plasma OGTT which has been mainly used to detect gestational diabetes.
One further study (Maynard et al 2007) assessed the use of spectroscopic
technology that measures changes in skin fluorescence with changes in blood
glucose. The fructosamine test photometrically measures the absorption of
formazane to determine the concentration of glycated proteins in plasma, of which
albumin plays a major part. In a similar way to glycated haemoglobin, glycated
albumin can serve as a marker to monitor blood glucose. It usually provides a
retrospective measure of average blood glucose concentration over a period of 1 to 3
weeks. (Reinauer et al 2002).
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Table 10: Findings from Non-fasting blood test studies
Study
Index /
comparator
(Population)
Capillary Blood
Simmons
Random Blood
2004 +
Glucose
(NZ; EU,
Maori, Pacific
general
population)

Optimal
cut point

Sensitivity

Specificity

Prevalence

AuC

≥ 5.6
mmol/l

66.3%

NR for IGT

20% IFG /
IGT

0.72

41.3%
for IFG /
IGT
/
DM

†Rush 2008 (NZ; at risk
Maori
population)

Point of care test
(POCT) glucose
meter

6.2
mmol/l

44%

94%

3.6% IFG
9.3% IGT
26.1% IGT
and IFG

0.76

 32.9%
(67.7%)

Somannavar
2009 +
(India;
general
population)

RCBG – IFG
(ADA criterion –
FPG ≥5.6 mmol/l
and < 7.0 mmol/l
RCBG – IFG
(WHO criterion –
FPG 6.1 mmol/l
and 7.0 mmol/l
Random capillary
blood glucose
(RCBG) – IGT
Capillary Blood
Glucose (CBG)

6.3
mmol/l

58.3%

58.6%

28.9% IFG

0.619

47%

6.6
mmol/l

62.8%

62.9%

0.683

25%

6.6
mmol/l

64.7%

65.5%

28.1% IGT

0.715

27%

6.6mmol/l

48%

89%

15%

NR

NR

7.8mmol/l

33%
when
compared
to 2h OGTT

96%
when
compared
to 2h OGTT

Oral glucose
challenge test
(GCTplasma)

7.8
mmol/l

73%

68%

18.7% prediabetes

0.73

34%
(92%)

Fructosamine
(FRA)

247
µmol/l

58.3%

83.6%

17.65% IGT

0.89
9

42.7%
(58.0%)

Spectroscopic
measurement of
dermal advanced
glycation end
products (SAGE).

50

74.7%

NR

15.6% IGT

0.79
7

NR

Rolka 2001 +
(US; General
population)

Plasma Blood
Phillips 2009
+
(US; general
population)
Herdzik 2002
(Poland; at
risk
population)
Non-Invasive
Maynard
2007 (US; General
population)

PPV
(NPV)

† This study assessed identification of dysglycaemia
 Figures calculated / converted by reviewer
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Prevalence of pre-diabetes was relatively high in all the studies (at least 15%). Point
of care testing had the highest specificity (94%) and AuC (0.76) in one study
targeting a Maori population that were already identified at risk (Rush et al 2008).
Higher cut-points in the remaining studies generally were more specific and AuC was
at least 0.61, though AuC was not reported in one study (Rolka et al 2001). All the
studies were carried out within the general population though three of these are
regarded as at higher risk (Rush et al 2008; Somannavar et al 2009; Simmons et al
2005) for diabetes.
The one hour OGTT showed a good balance of sensitivity and specificity at cut point
7.8 mmol/l, and had an NPV of 92% (see Table 10). Whilst the spectroscopic
approach reported a high AuC (0.79) there was insufficient evidence from which to
draw conclusions of performance.

Evidence statement 8:
Blood Glucose Indicators for identification of pre-diabetes: Non-fasting
methods
Moderate evidence was found from five studies (+; -) (Simmons 2005 New Zealand
+; Rush 2008 US -; Somanavaar 2009 India +; Rolka 2001 US +; Phillips 2009 US +)
that random or capillary blood testing alone to identify those at risk of pre-diabetes
using a range of optimal cut points (5.6mmol/l to ≥7.8 mmol/l) had a sensitivity of
between 24% and 64.6%. Specificity ranged from 59% to 97%. A specificity of 97%
was reported by one study (Rolka 2001 US +) using a cut point of 7.8 mmol/l, and
94% was in another study (Rush 2008 US -) with an at risk Maori population.
Sensitivities however were less than 50% in both cases.
The 1 hour oral glucose tolerance test was assessed in one general population study
(Phillips et al US +). At cut off 7.8 mmol/l, reported sensitivity and specificity was 73%
and 68% respectively with PPV 34%, NPV 92%, and AuC 0.73.
There was insufficient evidence from one study [-] of the general population
(Maynard et al 2007 US -) relating to the use of a non-invasive blood glucose
indicator technique (spectroscopic measurement of dermal advanced glycation end
products - SAGE) which showed a sensitivity of 68%, with no further information
provided.
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There was insufficient evidence [-] to determine the effect of fructosamine alone. One
study (Herdzik 2002 Poland -) using fructosamine alone at a cut point of 247 µmol/l
produced sensitivity and specificity for identifying those at risk of pre-diabetes of
58.3% and 83.6%.

Fasting Blood Glucose Indicators
Fasting plasma glucose measures require that the participant is fasted prior to
testing. This method is described in section 6.3. Three included studies assessed this
method alone (see Table 12), though FPG was also used as a comparator or in
combination with other assessment tools in other studies (see Tables 15 and 16).
Table 12: Findings from studies assessing fasting blood glucose alone
Study
(Population)

Index /
comparator

Franciosi
2005 +

FBG following
risk assessment

Optimal
cut
point
5.6
mmol/l

Sensitivity

Specificity

Prevalence

86%

44%

11%

6.1
mmol/l
5.6
mmol/l

68%

75%

GuerreoFPG at different
82%
Romero
cut-points
2006 +
(Mexico;
population
sample)
Mannucci
FPG – men
6.1
40.9%
2003 +
mmol/l
(Italy:
FPG – women
6.1
29.0%
General
mmol/l
population)
 Figures calculated / converted by reviewer

AuC

NR

67.8%

19.1% IGT
20.3% IFG

NR

25.0%

13.25% IFG
7.6% IGT

NR for
this cut
point

18.0%

PPV
(NPV)
50%
(83%)
64%
(78%)
37.5%
(94.1%)

NR

Two of the studies assessing FPG alone were carried out in Italy (Franciosi et al
2005; Mannucci et al 2003) and one in Mexico (Guerreo-Romero et al 2006). Two
were carried out in the general population (Mannucci et al 2003; Guerreo-Romero et
al 2006), and one in primary care (Franciosi et al 2005). The FPG gave the highest
specificity (75%) in the Italian primary care population at cut point 6.1 mmol/l, though
this followed risk assessment. However the highest reported prevalence for prediabetes was in the Mexican general population study (Guerreo-Romero et al 2006);
this study reported an NPV of 94%. Sensitivity and specificity were low in the Italian
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general population study (Mannucci et al 2003) and no PPV or NPV was reported.
AuC was not reported in any of these three studies.

Evidence statement 10:
Studies assessing Fasting Plasma Glucose
There was moderate evidence [+] from three studies (Franciosi et al 2005 Italy +;
Guerreo-Romero 2006 Mexico +; Mannucci et al 2003 Italy +) relating to the use of
FPG measures.

Franciosi et al (2005 Italy +) assessed the FPG at two cut points in a risk assessed
population. Sensitivity was higher at the lowest reported cut point (77% for 5.6
mmol/l) though specificity was 45%. Prevalence for pre-diabetes was lowest in this
study (11%). AuC was 0.67.

One study (Guerreo-Romero 2006 Mexico +) reported that for the identification of
impaired glucose tolerance (IGT), lowering the criterion for normal fasting plasma
glucose (FPG) to 5.6 mmol /l from 6.1 – 6.9 mmol/l increased the sensitivity from
32.9% to 82%, but lowered specificity from 82.7 to 64.2%, with a related increase in
PPV from 31% to 37.5%. AuC was not reported.

At a cut point of 6.1mmol/l, one study (Mannucci et al 2003 Italy +) reported different
sensitivity and specificity for men and women when identifying IGT (sensitivity 40.9%
and 29.0% respectively; specificity 25.0% and 18.0%). PPV, NPV and AuC were not
reported.

HbA1c
The HbA1c test does not require fasting prior to testing, and the measure of glucose
is an average of the previous 2-3 months. For more details of this measure, see
section 6.3.
Four included studies measured the performance of HbA1c alone. Three were
carried out in the general population in India, UK and China respectively (Mohan et al

87

Preventing progression of pre-diabetes to type 2 diabetes in adults

2010; Mostafa et al 2010; Zhou et al 2009) and one with hypertensive primary care
patients in Germany (Luders et al 2005).

Table 13: Findings from studies assessing HbA1c alone
Study
(Population)

Index /
comparator

Mohan 2010
+
(India;
General
population)

HbA1c – IGT

Mostafa
2010 +
UK
Study
population

Zhou 2009 +
China
General
population
Luders 2005
+
(Germany;
high risk
patients)

Optimal
cut
point
5.6%

Sensitivity

Specificity

Prevalence

65.6%

62.1%

11.8% IGT

HbA1c – IFG
(WHO criterion
– FPG ≥ 6.1
mmol/l and <7.0
mmol/l)
HbA1c – IFG
(ADA criterion –
FPG ≥ 5.6
mmol/l and < 7.0
mmol/l)
HbA1c 5.7 –
6.4%
or
HbA1c 6.0 –
6.4%

5.6%

60.0%

56.5%

0.632

5.6%

65.1%

63.4%

0.708

8%
(97.3%)

5.8% in
White
Europ.

61.5%

67.9%

0.50
(0.51)

6.0% in
south
Asians

63.8%

69.4%

HbA1c

≥ 5.7%

59.4%

73.9%

22.4% prediabetes

0.69
(0.69
white
Europ
ean;
0.72
south
Asian)
0.73

HbA1c alone

≥6%

58%

84%

37% with
HbA1c ≥
6mmol/l

0.614

79%
(66%)

16.2% IGR

AuC

0.708

PPV
(NPV)
20%
(92.6%)
8%
(99.6%)

0.50
(0.51)

46.0%
(54.7%)

Figures in italics calculated by reviewer

Specificity was shown to increase with higher cut-points but also with increased
prevalence. AuC was similar across all studies, ranging from 0.614 in Germany to
0.73 in China (see Table 13). The UK based study (Mostafa et al 2010) assessed
performance of the test with white Europeans and the South Asian population. The
optimal cut-point was 5.8% in the former and 6.0% in the latter, both of which were
relatively sensitive and specific (≥ 61%). The PPV and NPV were around 0.50 in both
groups.
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Evidence statement 11:
Studies assessing HbA1c alone
There was strong evidence [+] from four studies (Mostafa et al 2010 UK ++; Zhou et
al 2009 China +; Mohan et al 2010 India +; Luders et al 2005 Germany +) relating to
the performance of HbA1c.
In one UK study population, two Asian general population studies and one German
high risk population HbA1c alone at a range of optimal cut off points (5.6% - 6.4%)
were reported to give sensitivities of between 39% and 65.6% and specificities 56.5%
- 84%.
Lower sensitivities and higher specificities were associated with higher cut points.
The highest specificity (84%) and PPV (79%) for the highest cut point (6.0%) were
obtained in a German population at high risk (hypertensive). One UK study (Mostafa
et al 2010 ++) found that the optimal cut point and corresponding specificity was
higher in south Asian groups than in white Europeans for detection of IGR (PPV
50%). A sensitivity of 65.1%, specificity 63.4% was obtained using the ADA criterion
for identification of IFG (cut point 5.6%) in an Indian general population (Mohan et al
2010 India +). However the PPV was only 8.0% as the sample identified with IFG
was very small.
Since these studies were published, WHO (2011) have issued a statement that
HbA1c at cut point 6.5% can be used, in optimal conditions, to diagnose type 2
diabetes.

Comparing non-fasting capillary blood glucose indicators to HbA1c
None of the included studies compared non-fasting capillary blood glucose indicators
to HbA1c.

Evidence statement 10:
Comparing non-fasting capillary blood glucose indicators to HbA1c
There was no evidence available comparing non-fasting capillary blood glucose
indicators to HbA1c.
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Comparison of fasting blood glucose indicators and HbA1c

Eight included studies compared fasting blood glucose and HbA1c in the detection of
pre-diabetes. Two studies assessed fasting capillary blood testing and six assessed
plasma blood tests. The performance of each test and comparator is listed below.
Table 15: Findings from studies comparing Fasting plasma blood glucose
indicators to HbA1c
Study
(Population)
Capillary
Herdzik 2002
(Poland; at
risk
population)

Index /
comparator

Optimal
cut point

Sensitivity

Specificity

Prevalen
ce

FCG

5.5 mmol/l

63.5%

99.4%

17.65%
IGT

HbA1c

5.29%

51.3%

95.8%

Zhou 2010 +
China
General
population

FCG

≥6.0 mmol/l

60.5% men
56.7%
women

62.8% men
67.8%
women

HbA1c

≥ 6.5%

4.5% men
5.7%
women

88.3% men
89.4%
women

FPG

≥ 5.3
mmol/l

66.3%

NR

5.3%

50.9%

Plasma
Simmons
2004 +
(NZ; EU,
Maori,
Pacific
general
population)
Hu 2009 +
(China; high
risk
population)

HbA1c

AuC

0.865
0.748

29.5%
prediabetes

0.64
men
0.65
women

PPV
(NPV)
40.6%
(60.0%)
36.4%
(64.2%)

NR

0.47
men
0.51
women

20% IFG /
IGT

0.88

for IFG /
IGT / DM
0.68

NR

36.8%

46.6%
for IFG /
IGT / DM

64.1%

65.4%

32.4%

88.3%

HbA1c

≥ 5.6
mmol/l
≥ 6.1
mmol/l
≥5.6%

66.2%

51.0%

Gomyo 2004
+
(Japan;
sample from
JDPP study)
Saydah 2002
+
(US; at risk
population)

FPG

5.7 mmol/l

69.1%

61.6%

HbA1c

5.3%

57.2%

67.4%

FPG

≥5.83mmol/
l

56%

72%

HbA1c

≥5.5%

60%

55%

Luders 2005
+

FPG

≥ 6.1
mmol/l

62%

57%

FPG

16.5% IGT
/ IFG

0.701

25.7% IGT
8.7% IFG

0.72

24.8% IGT

37% with
HbA1c ≥

51.4%
(49.3%)
28.3%
(72.5%)
58.4%
(42.3%)
 54.0%
(46.0%)

0.65

47.0%
(54.0%)

0.665

17%

0.593

21%

0.671

60%
(59%)
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Study
(Population)
(Germany;
high risk
patients)
Colagiuri
2004 +
(Australia;
general
population)

Index /
comparator
HbA1c

Optimal
cut point
6.0%

Sensitivity

Specificity

Prevalen
ce

AuC

58%

84%

6mmol/l

0.614

Risk
assessment
and FPG
Risk
assessment,
and HbA1c

≥5.5 mmol/l

51.9%

86.7%

47.7%
IFG/IGT

NR

≥5.3%

42.0%

88.2%

PPV
(NPV)
79%
(66%)
45.5%
(NR)
43.2%
(NR)

Figures in italics calculated by reviewer
It is difficult to make any firm conclusions from the data since the results of
comparisons vary from study to study. Most of the populations targeted were high
risk, and this is reflected in the prevalence rates. PPV was highest (79%) for HbA1c
at a cut point 6.0% in a German stepped strategy with hypertensive patients.
Specificity in this study was also much higher (84%) than for the FPG (57%) at a cut
point 6.1 mmol/l.

Evidence statement 13:
Studies comparing Fasting Blood Glucose (Fasting Capillary Glucose / Fasting
Plasma Glucose) and HbA1c tests
Moderate evidence was available from eight studies [+; -] that compared fasting
glucose testing with HbA1c (Herdzik et al 2002 Poland -; Simmons 2004 New
Zealand +; Hu et al 2009 China +; Gomyo 2004 Japan +; Saydah 2002 US +; Luders
2005 Germany +; Colagiuri 2004 Australia +; Zhou et al 2010 China +). All fasting
blood measures were taken from plasma apart from one study (Herdzik et al 2002
Poland -) that measured capillary blood.
In six studies of high risk populations, FCG / FPG with cut points ranging from 5.5
mmol/l to 6.1 mmol/l and HbA1c cut points ranging from 5.3% to 6.1% (Herdzik et al
2002 Poland -; Hu et al 2009 China +; Gomyo et al 2004 Japan +; Saydah et al 2002
US +; Luders et al 2005 Germany +), the highest sensitivity was for the FPG in a
Japanese trial population (69%) using a cut point of 5.7mmol/l (Gomyo et al 2004 +).
The highest specificity was 99% (obtained via capillary testing applying a low cut
point of 5.5mmol/l; Herdzik et al 2002 Poland -), and with plasma testing at cut point
6.1mmol/l following risk assessment (100%).
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The highest positive predictive value was 79% (NPV 66%) for HbA1c at a cut point of
6.0% in a German high risk population (Luders et al 2005 Germany +). Sensitivity
and specificity were 58% and 84% with AuC 0.614.

Three studies were carried out in the general population (Simmons et al 2005 + New
Zealand +; Colagiuri et al 2004 Australia +; Zhou et al 2010 China +). One study
compared FPG cut point ≥ 5.5 mmol/l to HbA1c at ≥ 5.3%, reporting sensitivity 66.3%
(specificity not reported), PPV 36.8% (NPV not reported), AuC 0.88 for the FPG and
sensitivity 50.9%, no specificity reported, PPV46.6% and Auc 0.68 for HbA1c
(Simmons et al 2005 + New Zealand +).
Another study reported 51.9% sensitivity, 86.7% specificity; PPV 45.5%, (NPV not
reported) for risk assessment and FPG ≥ 5.3 mmol/l; 42.0% sensitivity, 88.2%
specificity, PPV 45.5% (NPV not reported) for risk assessment and FPG ≥ 6.1
mmol/l, compared to sensitivity 42.0%, specificity 88.2%, PPV 43.2%, (NPV not
reported, AuC not reported for any values) for HbA1c at ≥ 5.3% (Colagiuri et al 2004
Australia +).
Zhou et al (2010 China +) reported separate results for men and women. FCG at cut
point 6.0 mmol/l was more sensitive for men (60.5%) than for women (56.7%) and
more specific for women (67.8%) than for men (62.8%). Specificity was higher for the
HbA1c in both men and women (88.3% for men, 89.4% for women) but with low
sensitivity (less than 5%). AuC was 0.64-5 for the FCG and 0.47-0.51 for the HbA1c.
PPV and NPV were not reported.
Since these studies were published, WHO (2011) have issued a statement that
HbA1c at cut point 6.5% can be used, in optimal conditions, to diagnose type 2
diabetes.

Assessing the combination of fasting blood glucose indicators and HbA1c
Four studies assessed a strategy that included a combination of FPG and HbA1c. All
populations were high risk; three studies (Luders et al 2005; Colagiuri et al 2004;
Saydah et al 2002) assessed risk prior to testing.
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Table 16: Findings from studies assessing a combination of fasting blood
glucose indicators and HbA1c
Study
(Population)

Index /
comparator

Hu 2009 +
(China; high
risk
population)

FPG and HbA1c

Luders 2005
FPG and HbA1c
+
(Germany;
high risk
patients)
Risk Assessed population
Colagiuri
Risk
2004 +
assessment
(Australia;
FPG and HbA1c
Survey
population)
2
Saydah 2002 BMI ≥ 24 kg/m
+
Age 40-74 years
US
FPG and HbA1c
General
population

Optimal
cut
point
≥5.6
mmol/l
≥5.6%

Sensitivity

Specificity

Prevalence

AuC

PPV
(NPV)

42.4%

82.4%

16.5% IGT /
IFG

0.701

35.6%
(82.4%)

≥6.1
mmol/l
6.0%

61%

78%

37% with
HbA1c ≥
6mmol/l

0.688

78%
(60%)

≥5.5
mmol/l
≥5.3%

42.0%

88.2%

47.7%
IFG/IGT

NR

54.8%
(NR)

≥5.8
mmol/l
≥5.5%
≥5.8
mmol/l
≥6.0%
≥6.1
mmol/l
≥5.5%
≥6.1
mmol/l
≥6.0%

33.4%

84.8%

37.9%
(NR)

11.2%

97.5%

45.1%
(NR)

21.1%

93.5%

42.3%
(NR)

6.2%

98.7%

42.3%
(NR)

Figures in italics calculated by reviewer

All four studies showed high specificity (at least 78%). PPV was highest (78%) for
HbA1c at a cut point 6.0% and FPG at a cut point 6.1 mmol/l in a German strategy
with hypertensive patients. AuC was only reported in two studies (Hu et al 2009;
Luders et al 2005) at 0.70 and 0.68 respectively.
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Evidence statement 14:
Studies assessing a combination of fasting blood glucose indicators and
HbA1c
Moderate evidence was found [+] in four studies that assessed the combined
performances of Fasting Blood Glucose and HbA1c indicators in high risk
populations (Hu et al 2009 China +; Luders et al 2005 Germany +; Coligiuri et al
2004 Australia +; Saydah et al 2002 US +).
Sensitivity and PPV were highest (61%, 78%) with a combination of FPG cut point
6.1mmol/l and HbA1c 6.0% (Luders et al 2005 Germany +). Specificities were high in
all four studies (>78%). The highest specificity (98.7%) was obtained with a
population that had BMI ≥ 24 kg/m2 and age 40-74 years (Saydah et al 2002 US+)
It may therefore be beneficial to combine tests following risk assessment.
Since these studies were published, WHO (2011) have issued a statement that
HbA1c at cut point 6.5% can be used, in optimal conditions, to diagnose type 2
diabetes.

Stepped strategies
Six studies assessed stepped strategies that used a risk assessment followed by at
least one blood glucose indicator depending on the result of the risk score.
Table 17. Stepped strategies
Study
(Population)

Index /
comparator

Colagiuri 2004
+
(Australia;
Survey
population)

Risk assessment

Franciosi 2005
+
Italy
At least 1 CVD
risk factor

Optimal
cut point

Sensitivity
for
prediabetes
NR (87.4%
for T2DM)
51.9%

Specificity
for
prediabetes
NR (58.4%
for T2DM)
86.7%

Risk assessment
and FPG
Risk assessment,
FPG and HbA1c
Diabetes Risk
Score

≥5.5 mmol/l
≥5.5 mmol/l
≥5.3%
>9

42.0%

88.2%

77%

45%

FBG + DRS>9

≥5.6 mmol/l

69%

65%

≥6.1 mmol/l

55%

84%

Prevalence

47.7%
IGT/IFG

11% IGT/IFG

AuC

NR

0.67
NR
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NR
45.5%
(NR)
43.2%
(NR)
48%
(76%)
56%
(76%)
69%
(74%)
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Study
(Population)

Index /
comparator

Optimal
cut point
≥5.6 mmol/l

Sensitivity
for
prediabetes
86%

Specificity
for
prediabetes
44%

FBG

≥6.1 mmol/l

68%

75%

Prevalence

AuC

PPV
(NPV)

NR

50%
(83%)
64%
(78%)

Lidfelt 2001 ++
(Sweden;
Mid-life
women)

Risk factors and
Random Capillary
Blood Glucose

≥8.0 mmol/l

70%

55%

3.7%
IGT/IFG

NR

33.6%
(85.1%)

Luders 2005 +
(Germany;
high risk
patients)

HbA1c alone

≥6%

58%

84%

37% with
HbA1c ≥ 6%

0.614

FPG alone

6.1 mmol/l

62%

57%

0.671

61%

78%

0.688

82%

76%

0.716

79%

74%

0.722

79%
(66%)
60%
(59%)
78%
(60%)
81%
(74%)
79%
(74%)

83%

76%

0.724

80%
(82%)

FBG
6.6mmol/l
69%
2h OGTT
7.8mmol
72%
FBG
6.6mmol/l
62%
2h OGTT
7.8mmol
48%
FBG
6.6mmol/l
41%
2h OGTT
7.8mmol
33%

FBG
6.6mmol/l
51%
2h OGTT
7.8mmol
53%
FBG
6.6mmol/l
90%
2h OGTT
7.8mmol
89%
FBG
6.6mmol/l
97%
2h OGTT
7.8mmol
96%

NR

NR

NR

NR

FBG
6.6mmol/l
45%
2h OGTT
7.8mmol
36%
71.6%

FBG
6.6mmol/l
95%
2h OGTT
7.8mmol
94%
NR for IGT

NR

NR

0.61

43.5%
for IFG /
IGT /

Rolka 2001 +
(US; General
population)

HbA1c and FPG
combined
HbA1c + FPG +
age
HbA1c + FPG +
age + systolic
blood pressure
HbA1c + FPG +
age + systolic
blood pressure +
waist
ADA risk
assessment
questionnaire

Capillary Blood
Glucose (CBG)

ADA ≥ 10

6.6mmol/l

7.8mmol/l

Simmons 2005
+
(NZ; EU,

ADA
questionnaire +
CBG

ADA ≥ 10
≥ 140 mg/dl
7.8mmol/l

Risk Factors

Any of 3
factors

15% IGT/IFG

20% IGT/IFG
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Study
(Population)

Index /
comparator

Optimal
cut point

Sensitivity
for
prediabetes

Specificity
for
prediabetes

Maori, Pacific
general
population)

Random Blood
Glucose

≥ 5.6
mmol/l

66.3%

NR for IGT

Random Blood
Glucose + factor

≥ 5.6
mmol/l

52%

NR for IGT

Fasting Glucose

≥ 5.3
mmol/l

66.3%

NR for IGT

Fasting Glucose +
factor

≥ 5.3
mmol/l

60.8%

NR for IGT

HbA1c

≥ 5.3%

50.9%

NR for IGT

HbA1c + factor

≥ 5.3%

44.2%

NR for IGT

Prevalence

AuC

0.72

0.88

0.68

Colagiuri reported high specificity for risk assessment followed by either FPG at cut
point 5.5 mmol/l (86.7%), or FPG and HbA1c at cut point 5.3% (88.2%). PPV was
less than 46% for both these strategies. AuC improved with each step in the Luders
strategy that added the risk factors age, blood pressure and waist circumference to
the assessment of HbA1c and FPG. However, HbA1c alone had a similar PPV to the
full set of risk factor and dual blood glucose measures (80% compared to 79%).

Evidence statement 15:
Stepped / multi-component strategies
Moderate to good evidence [+; ++] was found from six studies of multi-component /
staged strategies to identify IGT / IFG (Colagiuri et al 2004 +; Franciosi et al 2005 +;
Lidfelt et al 2001+; Luders et al 2005 +; Rolka et al 2001 +; Simmons et al 2005 +).
Three studies were carried out in at risk populations (Lidfelt et al 2001 Sweden +;
Luders et al 2005 Germany +; Franciosi et al 2005 Italy +). All six studies utilised
assessment of risk prior to evaluation of one or more blood glucose indicators. A
combination of FPG cut point 6.1 mmol/l, HbA1c cut point 6.0% and risk assessment
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DM
61.4%
for IFG /
IGT /
DM
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for age gave a sensitivity of 82%, specificity 76%, PPV 79% in one study (Luders et
al 2005 Germany +). This compares to sensitivity 58%, specificity 84% for HbA1c
alone (≥ 6% cut point) and 62%, 57% for FPG alone (6.1mmol/l cut point).
Franciosi et al (2005 Italy +) reported increased specificity (65% at cut point
≥5.6mmol/l and 84% at cut point ≥6.1mmol/l) with the addition of the Diabetes Risk
Score to FBG compared to the risk score (45% at cut point 9) or FBG alone (44% at
cut point ≥5.6mmol, 75% at cut point ≥6.1mmol/l). PPV was highest (69%) for the
FBG at ≥6.1mmol/l and the risk score, with NPV 74%. AuC was not reported for this
combination.
Rolka et al (2001 US +) reported similar specificity for the addition of the ADA
questionnaire (94-5%) to capillary blood glucose testing at cut point 7.8 mmol/l (967%), which was higher than that for the ADA questionnaire alone (51-4%) at cut point
≥ 10. Sensitivity reduced with each stage, from 72-8% for the questionnaire alone, to
28-41% and 32-45% for the CBG and the CBG with the questionnaire. PPV, NPV
and AuC were not reported.
Since these studies were published, WHO (2011) have issued a statement that
HbA1c at cut point 6.5% can be used, in optimal conditions, to diagnose type 2
diabetes.

Evidence statement 16:
Costs of implementation of blood glucose indicator and stepped strategies for
identification of pre-diabetes.
There was moderate evidence [+] from one study Australian stepped study (Colagiuri
et al 2004 +) that costs were $A 8.05 for FPG, $A 14.15 for HbA1c. A return visit to
obtain the result of the blood test was reported as costing $A 25.05; OGTT $A 15.90,
and return final visit to the primary care physician for the result $A 25.05. Total cost
for each person identified with IGT or IFG was reported as $A 260.
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Evidence statement 17:
Barriers and facilitators to implementation of blood glucose indicator and
stepped strategies for identification of pre-diabetes.
There was no available evidence within the included studies for barriers or facilitators
to implementation of blood glucose indicator and stepped strategies for identification
of pre-diabetes.

6.4.4

Response rates

Details of response rates to study participation invites and / or participation in the
various stages of the study, such as blood glucose testing, was reported in 20
included papers. Other studies reported data such as how many participants were
eligible to participate due to the presence of risk factors or the results of blood
glucose testing. These figures are not presented here since they are not depicting
the participant‘s choice or ability to take-up risk assessment strategies. In some
studies it was a challenge to identify the pattern of recruitment and take-up from the
reported information. There was scarce reporting of the issues raised through
recruitment in the included papers. Only those studies reporting response rates or
data are presented in Table 18. Figures in italics have been calculated from the data
by a reviewer.
Table 18. Response rates reported in included studies
Study

Risk
assessment
Greaves 2004

Population

Measure

UK
16 GP practices

Medical
Records

Glumer 2004
(ADDITION
pilot)

Denmark
General
Population

Diabetes Risk
Score

Gray 2010
(ADDITION –
Leicester)
Heldegaard
2006

UK
Lay Multi-ethnic
Denmark
1 GP practice
list

Recruitment
(participated
/invited)

Uptake

15 / 16
practices
(n=1287)
6,124
(Inter99)
1,028

60.6% initial
100% repeat
testing
Inter99 52.5%
ADDITION pilot,
50%

Leicester Risk
Assessment

6,390 / 30,950

22%

Cambridge Risk
Score

1355 / 2082

69%

98

Preventing progression of pre-diabetes to type 2 diabetes in adults

Saaristo 2005
FINRISK-2002

Finland
General
Population

FINDRISC

3,092 / 4,622

Schwarz 2009

Germany
1996 & 1997
General
population
UK
Mid life women
General
Population
Netherlands
11 GP Practices

Adapted
FINDRISC

1997: 515 /
526

Cambridge Risk
Score

9,377 / 12,070

84.2% of which
7,899 (84.2%) gave
blood sample

ProMedico EMR
software

3,337 total at
risk

88% returned for
FPG.

India
Chennai Urban
Rural

OGTT

2,350 / 2,600

90%

HbA1c

2,188 / 2,350

93.1%

Phillips 2009

US
Health
care
employees;
Members of the
community

1 hour oral
glucose
challenge test

2,111 / 4,024

Rush 2008
(Te Wai o
Rona)

New Zealand
At risk Maori

OGTT
POCT

Somannavaar
2009

Chennai,
India
Opportunistic
diabetes
screening
camps
China
General
population
China
General
population

Random
capillary blood
glucose (RCBG)

3,225 / 5,309
completed both
tests
1,333 / 1,500

52.5% participation.
Of these, 78.5%
(1,658) attended
first visits and
74.9% (1,581)
completed the
protocol.
60.7%

Thomas 2006

Woolthuis
2007
Blood
Glucose
indicators
Mohan 2007
(CURES)

Zhou 2009

67% initial
participation.
Of these, 85%
completed
FINDRISC.
97.9%

88.9%

HbA1c

903 / 915 total
data collected

OGTT/ FPG
HbA1c
FCG

6,100 invited

87.8% of which
87.4%had HbA1c
90.9% had FCG

Australia
General
population

Risk
assessment
FPG
HbA1c

11,247
10,508
participated
after
exclusions

55.3%

Franciosi 2005
(IGLOO)

Italy
Primary care
≥1 CVD risk
factor

Diabetes Risk
Score
FBG
FBG + DRS

1,377 / 1,840

74.5%

Lidfelt 2001

Sweden
Mid –age

Questionnaire
OGTT

6,917/ 10,766
2,923 / 3,593

64.2%

Zhou 2010

Multicomponent
Coligiuri 2004
(AusDab)
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women
Luders 2005

Simmons 2005

Somannavaar
2009

Germany
Primary care
Hypertensive
New Zealand
European,
Maori,
Pacific
Islanders
Chennai,
India
Opportunistic
diabetes
screening
camps

had OGTT
Risk factors
2-hr OGTT

260 / 267 had
OGTT

Risk factors
OGTT
RBG
FBG
HbA1c
Random
capillary blood
glucose (RCBG)

1,899 / 2,737

67.9% attended
OGTT

1,333 / 1,500

88.9%

Comparison of response rates requires caution due to the wide variation in study
types, study design and reporting. However, there are details within the studies that
differentiate between participating and non-participating populations or offer an
explanation for some of the reported rates. These are presented where available in
the following, relating to the type of risk assessment strategy.
Risk assessment
Greaves et al (2004) reported that the good uptake rate in their evaluation of the use
of medical records for risk assessment may be due to confirmation of appointments
by telephone. In addition, patients that did not initially attend were followed up and recontacted. The recruitment rate was lower in men (39.5%) than women. The authors
report that the response rate compares favourably with population screening for
cervical cytology and mammography.
Gray et al (2010) developed a diabetes risk score (LRA) based on data from a
population with 23% ethnic minority representation, mainly South Asian. The reported
uptake for actual screening in the ADDITION-Leicester study was low in this group
(22%). There are no known reported reasons for the low rate.
Heldegaard et al (2006) reported an acceptable response rate (69%) to invitations for
the CRS. Non-responders were younger (20-39 years) than participants, though as
the authors suggest, younger people are at less risk than those aged over 40 years.
This may have had an impact on the positive predictive value achieved when
assessing the risk score.
In the CRS evaluation carried out by Thomas et al (2006), there was a higher
reported attrition rate in those from unskilled manual backgrounds. The authors
suggest that this group are more at risk from type 2 diabetes are than the UK general
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population, therefore the results of the evaluation may underestimate the extent of
risk.
Woolthuis et al (2007) reported that following the use of EMR to identify at risk
patients, most of the 28% of those at risk (88%) were willing to return for blood
glucose testing. There are no details of the willingness of particular groups in this
study, though an additional strategy in this study was to discuss diabetes risk at
every consultation with the GP. This may have increased willingness to participate
through raised awareness of personal risk.
Blood Glucose Testing
Although a high response rate (90%) was reported by Mohan et al (2010),
recruitment was from a population that was already taking part in an Indian
epidemiological study (CURES). Though the authors do not discuss this, there is
possibly more motivation for this group to participate in further testing than in the
general population.
Rush et al (2008) attribute the relatively high response rate (61%) in their study to the
acceptability of the strategy being tested. Point of care testing requires no fasting or
waiting and therefore may be more acceptable than some other types of blood
glucose testing.
Stepped /multi-component strategies
Lidfelt et al (2001) reported a relatively high response rate. Women who did not
attend for OGTT had a higher mortality rate, mainly from malignancy, indicating that
prevention of diabetes may not be a priority for these women. Non-attenders also
cited lack of time as a barrier to attending.
In the Simmons et al (2004) study, there was a relatively high reported response rate
(68%) for attending the OGTT. However, the authors found that the highest rate of
non-attenders was in European males. There was no explanation offered for this
finding.

Evidence Statement 18:
Response rates
Moderate evidence was found [+;-] from nine studies (Glumer et al Denmark 2004 +;
Gray et al 2010 UK; Mohan et al 2007 India +; Phillips et al 2009 US +; Rush et al
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2008 US -; Simmons et al 2004 New Zealand +; Somanavaar 2009 India + ; Thomas
et al 2006 UK +; Zhou et al 2010 China +).
For risk assessment, response rates ranged between 50% and 89%. The highest
response rate reported was for the Cambridge Risk Score (Thomas et al 2006 UK +),
and the lowest reported was for the Diabetes Risk Score (Glumer et al Denmark
2004 +). In an evaluation of the Leicester Risk Assessment, 22% of the initial South
Asian sample remained in the study following a series of tests including the OGTT.
(Gray et al 2010 UK +).
For blood glucose measures, there was a 52.5% response rate to the first visit for a 1
hour oral glucose tolerance test (Phillips et al 2009 US +). Random / Point of care
testing was reported to have a response rate of 89% (Somanavaar 2009 India +) and
61% (Rush et al 2008 US -)
Response rates for assessment of the HbA1c were reported as 87% (Zhou et al 2010
China +) and 93% (Mohan et al 2007 India +), though the Chinese based study also
included assessment of fasting blood glucose, for which there was a response of
91%.
Simmons et al (2004 New Zealand +) conducted OGTT, fasting blood glucose and
HbA1c measures from one blood sample. The response rate for this visit was 68% in
those aged 40-59 years and 71% in those aged 60-79 years. There were no reported
differences in response between Maori, European and Pacific Islander groups or
between age groups. Response rate was reported to be similar between males and
females apart from in the European group, where males were less likely to respond
(66.5% rate compared to females 73.9%, p=0.012).

Evidence statement 19:
Barriers and facilitators to uptake for strategies for identification of prediabetes.
Potential facilitators to increasing uptake were suggested in two studies. Woolthuis et
al (2007 / 2009+) found that one facilitator was carrying out risk assessment in a
familiar clinic environment. Greaves et al (2004+) reported that their good uptake rate
may be due to confirmation of appointments and follow-up contact with patients by
telephone.
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7.

DISCUSSION

The aim of this review was to assess the evidence for the effectiveness, and where
available, cost-effectiveness of methods for identifying adults with pre-diabetes, and
how to increase identification and the uptake of risk assessment in high-risk groups.
From an initial total of 2828 references generated from two searches, as well as
reference list checks, 29 studies, of varying study type and quality, met the inclusion
criteria. Many published studies focus on detection of type 2 diabetes rather than prediabetes. This review did not assess such papers. The quality of papers was
moderate, with 2 papers rated as very good (++), 24 as good (+) and 3 as poor (-).
Papers assessed the use of routine demographic data found in practice records as
an approach for identifying patients that might be at risk for pre-diabetes, the use of
routine data to provide a risk score, and questionnaire based risk scores. In addition,
a range of blood glucose measures was assessed in at risk and general populations
as compared to the OGTT. Comparisons were made between fasting and nonfasting tests, and stepped strategies that included risk assessment as well as blood
glucose indicators were assessed.
The studies were heterogeneous in study design, population, prevalence of prediabetes, and aims, therefore pooling of data was not deemed appropriate. The
results of this review highlight the complexity of risk assessment, and in particular,
blood glucose measures that are available for identifying those at risk of prediabetes. It is difficult to make comparisons since the results from comparison studies
did not show a particular trend. There was very little useful evidence within the
papers on costs, or on how to increase uptake in at risk groups.
There was evidence that use of medical records may be a useful start to the
identification process, provided that risk factors such as BMI are recorded accurately
and that records are regularly up-dated. The Cambridge Risk score took this method
a step further by applying a score to risk data. This method was evaluated in the UK
and Denmark, with both studies reporting AuC of around 0.75. However, the optimal
cut points differed. The UK study reported no difference in effect than using BMI
alone as a risk indicator.
Questionnaire based risk scores require more resource to implement, as they are
administered to patients who may need some supervision. However, more
information can be obtained using this method. The FINDRISC was developed in
Finland and is more specific for women than men. A shortened 8-item version
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developed for the German population gave a higher sensitivity, specificity and AuC
than the original, at a cut point one point higher. In the UK, a version that targeted a
lay multi-ethnic population showed a PPV of 27.7% at a cut point higher than the
Finnish or German versions. Other risk scores have been developed in the US and
Denmark. One US version was more specific than the Italian FINDRISC based score.
Improved uptake for risk assessment may occur when participants are followed up by
telephone and specific appointments are made within the invitation letter. Low
responses were reported in ethnic minority, younger, and unskilled manual
populations. Returning for blood testing may be encouraged by discussion of risk
during consultations with general practitioners.
It is acknowledged that papers are available that describe other tools, such as the
QRISK, developed for assessing cardiovascular risk (Hippisley - Cox et al 2009).
However, we did not identify papers describing such tools that met the inclusion
criteria for this review, i.e. papers that present an evaluation in terms of detecting
pre-diabetes.
A range of non-fasting blood glucose measures gave PPVs of less than 50%.
Prevalence of pre-diabetes was high in all the studies. It was difficult to compare the
performance of fasting blood glucose indicators due to differences in the populations
studied, optimal cut points and assessment criteria. HbA1c was assessed in five
studies including the UK. Specificity increased with a rise in cut point and PPV was
around 50% in all the studies. Compared to fasting blood glucose, a PPV of 79% was
achieved at a cut point of 6.0% in a German high risk population. A similar PPV was
found in the same study when combining the two tests. A combination of FPG and
HbA1c following risk assessment for BMI gave the highest specificity (98%).
In blood glucose test studies, improved responses may occur in trial and other study
populations. Acceptability of the test was also discussed as a motivation, particularly
in terms of time required. European males responded least well in one stepped
programme, and in another, the women who did not attend had a high rate of
morbidity and mortality, though not related to diabetes.
Six studies assessed stepped strategies that commenced with risk assessment. All
six studies reported high specificity, though one study reported a higher specificity for
the HbA1c alone at a cut point of 6.0% or more.
It appears that a stepped strategy might be useful in terms of identifying risk prior to
blood testing, so that resources may be focussed on those at risk. The risk of false
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positive is reduced by this process and it may be more acceptable to participants to
adapt gradually to a potential diagnosis (Eborall et al 2007).
As fasting blood glucose measures and HbA1c use different techniques and are
measuring different aspects of blood glucose level, there remains uncertainty around
whether these two tests should be carried out together rather than alone.
Since this review was initiated, an addendum to the WHO recommendations
Definition and diagnosis of diabetes mellitus and intermediate hyperglycemia (2006)
has been published in relation to the use of HbA1c for diagnostic purposes. A
consultation concluded that:
― HbA1c can be used as a diagnostic test for diabetes provided that stringent quality
assurance tests are in place and assays are standardised to criteria aligned to the
international reference values, and there are no conditions present which preclude its
accurate measurement. An HbA1c of 6.5% is recommended as the cut point for
diagnosing diabetes. A value less than 6.5% does not exclude diabetes diagnosed
using glucose tests. The expert group concluded that there is currently insufficient
evidence to make any formal recommendation on the interpretation of HbA1c levels
below 6.5%” WHO 2011 (p.3).
The implication of the above statement for this review is that evidence for the use of
HbA1c to diagnose pre-diabetes is inconclusive. However, given that a diagnosis of
diabetes can be made at a cut point of 6.5%, previous suggestions of a cut point of
HbA1c ≥ 6.5% to diagnose diabetes (or pre-diabetes) will need to be re-evaluated.
The applicability of findings to UK settings is variable since assessments have taken
place internationally. In particular, health care delivery will differ from that in the UK.
In addition, populations included in the studies vary in terms of risk profile.
Conclusion
A range of risk assessment tools and blood glucose indicators are available for the
identification of pre-diabetes in individuals. Findings from international studies
provide multiple combinations of assessment tools and indicators for use in a range
of settings, with general and at risk populations, at a number of optimal cut points.
However a strategy that assesses initial risk followed by diagnostic testing appears to
have acceptable specificity. Response rates indicate that some groups are less likely
to attend for risk assessment and testing. A number of strategies are available to
increase uptake, mainly based on improved communication.
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Appendix 3: Search Strategies and Details of Evidence Sources
List of databases searched
Medline and Medline in Process via OVID
Embase via OVID
CINAHL via EBSCO
British Nursing Index via OVID
Cochrane Library via Wiley
Science Citation Index via Web of Knowledge
Social Science Citation Index via Web of Knowledge
PsycINFO via OVID
EPPI Centre Databases – Bibliomap, Database of Promoting Health Effectiveness
Reviews (DoPHER), Trials Register of Promoting Health Interventions (TRoPHI), The
database on Obesity and Sedentary behaviour studies
http://eppi.ioe.ac.uk/cms/

Websites
Association of Public Health Observatories
www.apho.org.uk/
NHS Evidence: National Library for Public Health
www.library.nhs.uk/publichealth/
The Joseph Rowntree Foundation
www.jrf.org.uk/
Diabetes UK
http://www.diabetes.org.uk/

Other Sources
Scopus (via Elsevier)
Web of Science (via Thomson ISI)
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NHS Economic Evaluation Database (NHS EED via Wiley)
EconLit (via Ovid SP)
Health Economic Evaluations Database (HEED via Wiley)
Google Scholar
http://scholar.google.co.uk/
Initial Search
Sample search strategy Ovid MEDLINE(R) In-Process & Other Non-Indexed
Citations and Ovid MEDLINE(R)
1. *prediabetic state/
2. (prediabetes or pre diabetes or raised glucose intolerance or impaired glucose
level$ or impaired glucose tolerance or IGT or impaired fasting glucose or IFT or
FPG or fasting plasma glucose or impaired glucose regulation or impaired glucose
metabolism or raised glycated haemoglobin or raised glycated hemoglobin or high
glycated Hb or hyperglycaemia or hyperglycemia).ti.
3. (prevention adj3 (type II diabetes or type 2 diabetes or T2D)).ti.
4. 1 or 2 or 3
5. *body mass index/
6. *obesity/
7. (south asia$ or black africa$ or black caribbean$ or pakistan$ or bangladesh$ or
india$ or ethnic minorit$ or chinese or obes$ or waist circumference or "bmi > 3?" or
BMI).ti.
8. 5 or 6 or 7
9. *Hemoglobin A, Glycosylated/ or *Mass screening/ or *Risk assessment/
10. (((risk assessment or monitoring or screening) adj2 diabetes) or HBA1C).ti.
11. 9 or 10
12. *Exercise/ or *Exercise therapy/ or *Diet therapy/
13. (lifestyle intervention$ or slimming club$ or diet or low glycaemic index or low
glycemic index or reduced fat or low carbohydrate or low calorie or physical activit$
or exercise or cardiorespiratory training).ti.
14. (Motivational support adj5 diet).ti,ab.
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15. 12 or 13 or 14
16. 8 or 11 or 15
17. 4 and 16
Search Strategy Review One
Sample search Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations
and Ovid MEDLINE(R)
1. ((risk assessment or screening or identification or uptake) adj5 (diabetes or
prediabetes or pre diabetes or raised glucose intolerance or impaired glucose level$
or impaired glucose tolerance or IGT or impaired fasting glucose or IFT or FPG or
fasting plasma glucose or impaired glucose regulation or impaired glucose
metabolism)).ti,ab.
2. *Prediabetic State/di [Diagnosis]
3. 1 or 2
4. (GP adj2 database).ti,ab.
5. (medical record$ or clinical database$).ti.
6. exp *Medical Records Systems, Computerized/
7. 4 or 5 or 6
8. 3 and 7
9. (findrisc or danish risk questionnaire or cambridge risk score or symptom risk
questionnaire or indian score).mp.
10. *Glucose Tolerance Test/st [Standards]
11. (gestational or pregnan$ or postpartum).ti,ab.
12. 10 not 11
13. ((risk assessment or screening or identification or uptake) adj2 (diabetes or
prediabetes or pre diabetes or raised glucose intolerance or impaired glucose level$
or impaired glucose tolerance or IGT or impaired fasting glucose or IFT or FPG or
fasting plasma glucose or impaired glucose regulation or impaired glucose
metabolism)).ti,ab.
14. 2 or 12
15. *Hemoglobin A, Glycosylated/du [Diagnostic Use]
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16. HBA1C.ti,ab.
17. 15 or 16
18. 14 and 17
19. (oral glucose tolerance test or ogtt).ti,ab.
20. 14 and 19
21. (fasting plasma glucose or FPG).ti,ab.
22. 14 and 21
23. (oral glucose challenge or ogc).ti,ab.
24. 14 and 23
25. (random blood glucose).ti,ab.
26. 14 and 25
27. (capillary blood glucose or capillary glucose test).ti,ab.
28. 14 and 27
29. (Diabetes risk score assessment tool or ADA risk test).ti,ab.
30. 18 or 20 or 22 or 24 or 26 or 28 or 29
31. 30 not 11
32 8 or 9 or 12 or 31
Limit to 1998-current, English language, human studies

Health Economic Searches
With reference to the Methods for the Development of NICE Public Health Guidance
(2009), a simplified search was undertaken for the health economic searches for this
review question.
Sample search strategy for EconLit via Ovid
1

(risk assessment or screening or monitoring or diagnostic or diagnosis or

glucose test or HBA1C).ti,ab.

2

(diabetes or pre-diabetes or prediabetes or IGT or impaired glucose tolerance or

IFG or impaired fasting glucose or FPG or fasting plasma glucose).ti,ab.
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3

1 and 2

4

limit 3 to yr="1998 -Current"
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Appendix 4: Quality rating of included papers
Study
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5
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Appendix 5: Evidence Tables for included studies
Study

Author: Colagiuri
Year 2004
Country: Australia
Study design: Evaluation of a screening protocol

Study Aims

To examine the performance of the Australian screening protocol and variations to this protocol for identifying people
with previously undiagnosed type 2 diabetes and people with IGT or impaired fasting glucose (IFG).

Screening tool

Stepped approach to detecting undiagnosed type 2 diabetes based on assessment of risk status, measurement of
fasting plasma glucose (FPG) , HbA1c in individuals at risk.
Part of AusDab survey; Primary Care

Setting / Delivered by
Characteristics targeted
Population

No of Items
Time to complete
Reference standard used
Index and Comparitor tests
Sensitivity (%) for diagnosis of
IGT / IFG

Comments

Date and country of birth, language spoken at home, ethnicity, personal and family history of diabetes, smoking
habit, past health (including diagnosis and treatment for hypertension and dyslipidemia), cardiovascular disease
(angina, heart attack, stroke) and, in women, past history of gestational diabetes.
Sample: 11,247; 10,508 could be included in the analyses. Of these, 5,604 had at least one identifiable risk factor
for undiagnosed diabetes specified in the Australian protocol and would be recommended to have an FPG
measured. When weighted to the Australian population, 43.4% of adults aged ≥25years would require screening with
an FPG.Of the 5,604 with risk factors, 2,723 (48.6%) had an FPG ≥5.5 mmol/l, 210 (3.7%) had an FPG ≥7.0 mmol/l
(126 mg/dl), and the remaining 2,671 (47.7%) had an FPG between 5.5 and 6.9 mmol/l and would have been
recommended to have an OGTT.
Males
Mean age:
Mean BMI:
Waist circumference:
Other: The single risk factor that identified most people (71.5%) as being at high risk for undiagnosed diabetes was
age ≥55 years, and another 24.2% were identified because they were age 45–54 years with one of the following:
BMI≥ 30 kg/m2, hypertension, or family history of diabetes. Together these two risk factors identified 86.9% of
people with newly diagnosed diabetes.
Of the 10,508 people included in this study, 1,372 (11.0%) had IGT (FPG ≥ 7.0 and 2-h plasma glucose ≥ 7.8 and
<11.1mmol/l) and 642 (5.9%) had IFG (FPG 6.1–6.9 and 2-h plasma glucose ≥7.8).
The prevalence of pre-diabetes 47.7%
N/A
N/A
OGTT performed and interpreted according to the 1999 World Health Organization criteria.
Each person underwent a physical examination including measurement of blood pressure, weight and height, and
calculation of BMI, and blood was collected for measurement of lipids and HbA1c.
RF and FPG ≥ 5.5 51.9%
RF, FPG and HbA1c 42.0%
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Specificity (%) for diagnosis of
IGT / IFG

RF and FPG≥ 5.5 86.7%
RF, FPG and HbA1c 88.2%

Positive and Negative-predictive
values (%) for IGT / IFG
AuRoc Value
Reported optimal threshold

RF, FPG and HbA1c
PPV 45.5% NPV 43.4%
NR
RF and FPG ≥ 5.5 (current guideline)
The optimal HbA1c cut point for detecting previously undiagnosed diabetes and IGT/IFG was 5.3%.

Follow up
Other properties
Cost Effectiveness

NR
NR
The cost in Australian dollars ($A) to the health care system for the screening options for detecting each person with
newly diagnosed diabetes or IGT/IFG was calculated using the following scenario. Risk factor assessment was done
opportunistically at the time of a routine visit to the primary care physician without incurring an additional cost, the
blood test was ordered as an additional test (cost $A 8.05 for FPG, $A 14.15 for HbA1c), the person returned for a
visit to the primary care physician specifically to obtain the result of the blood test (cost $A 25.05), and individuals
with an equivocal FPG had an OGTT (cost $A 15.90) and then returned for a final visit to the primary care physician
for the result (cost $A 25.05). These costs are based on the published national fees specified by the Health
Insurance Commission of Australia.

Authors conclusions

Quality Assessment
Study

The cost for detecting each person with newly diagnosed diabetes using the current Australian protocol is $A 746,
and $A 260 for each person with IGT or IFG. Increasing the FPG cut point to≥6.1mmol/l alters costs to $A 700 for
diabetes and $A 292 for IGT or IFG, whereas the corresponding costs for a protocol based on risk factor
assessment followed by measurement of HbA1c are $A 828 and $A 352, respectively. It should be noted that the
cost of making a clinical diagnosis of diabetes will be slightly higher because of the repeat testing required to confirm
the diagnosis.
The Australian protocol had a sensitivity of 51.9% and specificity of 86.7% for detecting IGT or IFG. Increasing the
FPG cutoff to≥ 6.1 mmol/l decreased sensitivity to 34.6%. Similarly strategies for detecting IGT/IFG that relied on
HbA1c measurement alone to determine the need for further testing with an OGTT were associated with lower
sensitivities compared with protocols that based further testing on FPG measurement.
Increasing the FPG cut point to determine the need for an OGTT to 6.1 mmol/l decreased sensitivity, increased
specificity, and substantially reduced the proportion of people requiring an OGTT from 21 to 7%. The effect of using
measurement of HbA1c to determine the need for an OGTT generally gave similar results to the protocols that used
FPG alone, and 12–27% of people required an OGTT. The optimal cut point for HbA1c was 5.3%.
The Australian screening protocol performed well in identifying and detecting people with undiagnosed diabetes
when applied to a representative sample of the Australian population. Overall, the protocol identified around 8 of 10
people who had previously undiagnosed diabetes, 5 of 10 who had IGT, and 7 of 10 who had IFG. The number
needed to screen to identify one new case of diabetes is 32, with 4 of 10 people screened requiring measurement of
FPG and 1 in 5 requiring an OGTT.
+
Author: Franciosi
Year: 2005
Country: Italy
Study design: Evaluation of screening tool and stepped approach aimed at estimating the prevalence of IGT.
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Study Aims

To evaluate an opportunistic screening strategy addressed to individuals with one or more cardiovascular risk factor,
based on the Diabetes Risk Score (DRS) as the initial instrument, for the identification of individuals with type 2
diabetes or impaired glucose tolerance (IGT).

Screening tool

Name: Diabetes Risk Score (DRS)
Type: Simple fast self-administered questionnaire based on the presence of well known diabetes risk factors.
Initially validated in a Finnish population

Setting / Delivered by

Primary care; Distributed by General Practitioner
Self-administered
Identification of unknown T2D or glucose intolerance.
Age, BMI, waist circumference, use of blood pressure medication, history of high blood glucose, physical activity,
and daily consumption of vegetables, fruits, or berries.
Sample: 1,377 patients aged 55-75 years with one or more CVD risk factor but without a CVD history.
Consecutive eligible attendees up to max 30
Males 712
Mean age 62.4 (SD 5.3)
Mean BMI Men 28.2 (SD 6.4) Women 27.3 (4.6)
Waist circumference: Mean men 100.6 (11.7) Women 91.8 (12.1).Total of Men equal or >102 cm and women
equal or >88 cm =680
Other:
Patients excluded from the analyses did not differ from those included in terms of age, BMI, waist circumference,
levels of cholesterol and triglycerides, dyslipidemia, or presence of metabolic syndrome. Patients not included were
less often men.
Overall, 54.9% of the patients showed some forms of glucose metabolism alteration; in particular, 15.4% of the
patients had impaired fasting glucose (IFG), 11.1% had IGT, 11.0% had IGT and IFG.
Mean DRS values showed a marked variation according to glucose metabolism categories, as follows: 8.7 - 3.0 in
normoglycemic individuals, 9.5 - 3.1 in individuals with IFG, 9.9 -3.3 in individuals with IGT, 10.3 - 3.3 in individuals
with IFG and IGT (P <0.0001).

Characteristics targeted
Population

No of Items

The prevalence of pre-diabetes = 11%
N/A

Time to complete

N/A

Reference standard used

OGTT, with determination of venous plasma glucose, fasting and 2 h after the ingestion of 75 g glucose .
World Health Organization 1999 criteria for the definition of IGT.
The score ranges between 0 and 20, and a cut point of 9 best identifies individuals at higher risk of developing type
2 diabetes, with a sensitivity of 0.78 – 0.81 and a specificity of 0.76–0.77.
Prevalence rates of 20%, 10% and 5% were tested.
DRS only sensitivity 77% (95% CI 0.74–0.81)
An FBG ≥ 6.1 mmol/l had a sensitivity of 68% (95% CI 0.64–0.72) for the diagnosis of glucose abnormalities.
An FBG cut-off of 5.6 mmol/l gave a sensitivity of 86% (95% CI 0.84–0.89) for the diagnosis of glucose
abnormalities.
Combined use of DRS and with an FBG cutoff of ≥6.1 mmol/l led to 90% (95% CI 0.88–0.93) sensitivity (both tests

Index and Comparitor tests
Sensitivity (%) for diagnosis of
IGT / IFG
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A copy of the DRS is provided at
http://care.diabetesjournals.org.
The original version of the
questionnaire was developed to
characterize individuals according
to their future risk of developing
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Specificity (%) for diagnosis of
IGT / IFG

Positive and Negative-predictive
values (%) for IGT / IFG

AuRoc Value
Reported optimal threshold

negative).
Combined use of DRS and with an FBG cutoff of ≥6.1 mmol/l led to 55% (95% CI 0.51–0.59) sensitivity (both tests
positive).
Combined use of DRS and with an FBG cutoff of ≥5.6 mmol/l led to 95% (95% CI 0.93–0.97) sensitivity (both tests
negative).
Combined use of DRS and with an FBG cutoff of ≥5.6 mmol/l led to 69% (95% CI 0.65–0.73) sensitivity (both tests
positive)..
DRS only specificity 45% (95% CI 0.41–0.48)
An FBG =or >6.1 mmol/l had a specificity of 75% (95% CI 0.72–0.78) for the diagnosis of glucose abnormalities.
An FBG cut-off of = or 5.6 mmol/l gave a specificity of 44% (95% CI 0.41–0.48) for the diagnosis of glucose
abnormalities.
The combined use of DRS and with an FBG cutoff of ≥6.1 mmol/l led to 78% (95% CI 0.76–0.81) specificity (both
tests negative).
Combined use of DRS and with an FBG cutoff of ≥6.1 mmol/l led to 84% (95% CI 0.81–0.86) specificity (both tests
positive).
The combined use of DRS and with an FBG cutoff of ≥5.6 mmol/l led to 24% (95% CI 0.21–0.27) specificity (both
tests negative).
Combined use of DRS and with an FBG cutoff of ≥5.6 mmol/l led to 65% (95% CI 0.62–0.69) specificity (both tests
positive).
DRS only NPV 76% (95%CI 0.71–0.79) at cut-off 9
DRS only PPV 0.48 (95%CI 0.44–0.51)
FPG cutoff of ≥5.6 mmol/l NPV 0.83 (95%CI 0.8–0.87)
FPG cutoff of ≥5.6 mmol/l PPV 0.50 (95%CI0.47–0.54)
FPG cutoff of ≥6.1 mmol/l NPV 0.78 (95%CI 0.75–0.81)
FPG cutoff of ≥6.1 mmol/l PPV 0.64 (95%CI 0.60–0.68)
NPV for combined DRS and FPG cutoff of ≥5.6 mmol/l was 0.88 (95%CI 0.84–0.92) (both tests negative)
NPV for combined DRS and FPG cutoff of ≥5.6 mmol/l was 0.76 (95%CI 0.73–0.79) (both tests positive).
PPV for combined DRS and FPG cutoff of ≥5.6 mmol/l, was 0.55 (95%CI 0.42–0.48) (both tests negative)
PPV for combined use of DRS with an FBG cutoff of ≥5.6 mmol/ was 0.56 95%CI (0.53–0.60) (both tests positive).
NPV for combined DRS and FPG cutoff of ≥6.1 mmol/l was 0.85 (95%CI 0.81–0.89) (both tests negative)
NPV for combined DRS and FPG cutoff of ≥6.1 mmol/l was 0.74 (95%CI 0.71–0.77) (both tests positive).
PPV for combined DRS and FPG cutoff of ≥6.1 mmol/l was 0.48 (95%CI 0.45–0.51) (both tests negative)
PPV for combined DRS and FPG cutoff of ≥6.1 mmol/l was 0.69 (95%CI 0.64–0.73)(both tests positive).
AUC 0.67 ( 95% CI 0.64–0.70)
A cut-off of 9 ensured the best balance between true-positive and false-positive rates.
Different screening strategies to be applied to high-risk individuals:
1) FBG testing in all patients
2) administration of the DRS as an initial screening tool, with FBG measured only in individuals with a
score≥9.
3) the need for OGTT according to two different levels of FBG (i.e., OGTT performed in individuals with FBG
between 6.1 and 6.9 mmol/l or FBG between 5.6 and 6.9 mmol/l).
A strategy based on the DRS as an initial screening instrument, with FBG measured only in individuals with a
score≥9, and an OGTT performed in individuals with an FBG value ≥5.6 mmol/l would lead to the identification of
57% of cases of IGT. This strategy would require the measurement of FBG in 64% of the patients and an OGTT in
38%. On the other hand, a strategy based on FBG measurement in all individuals and the performance of OGTT in
those with an FBG ≥5.6 mmol/l would allow the identification of 78% of individuals with IGT, but 56% of the patients
should undergo an oral test.
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Follow up

A strategy based on FBG measurement in all individuals and the performance of OGTT in those with an FBG ≥5.6
mmol/l would allow the identification of 78% of individuals with IGT, but 56% of the patients should undergo an oral
test.
NR

Other properties

NR

Cost Effectiveness

The best compromise between number of cases detected and cost per case detected is represented by the
screening strategy using the DRS as initial instrument, with an FBG performed in individuals with a DRS score ≥9
and an OGTT performed in individuals with an FBG between 5.6 and 7 mmol/l. The difference in cost per case
detected in favour of DRS as the initial screening tool tended to increase as the prevalence of the target condition
decreased.
―Presence of the metabolic syndrome was defined according to Adult Treatment Panel III criteria‖
This criteria is for cholesterol management, not metabolic syndrome
When used in combination with FBG, the questionnaire allowed the identification of >50% of those with IGT, while
limiting the rate of those requiring an OGTT.
+

Reviewer comments
Authors conclusions
Quality Assessment
Study

Study Aims
Screening tool

Author: Glumer
Year: 2004
Country: Denmark
Study design: Diagnostic accuracy study
To develop a simple self-administered questionnaire identifying individuals with undiagnosed diabetes with a
sensitivity of 75% and minimizing the high-risk group needing subsequent testing.
Name: Danish Diabetes Risk Score
Type: Self -administered questionnaire

Setting / Delivered by

Self -administered

Characteristics targeted

Participants were split into two groups, one group was examined in 1999 and the other group examined in 2000.
Subjects from the additional pilot study underwent measurement of random capillary blood glucose.

Population

Sample: Inter99 Age 30-60
First half:
N=3250
Males: 49.8%
Mean age: 46.0 (SD 7.9)
Mean BMI: 26.2 (SD 4.4)
Waist circumference: NR
Second half:
N=2874
Males 49.3%
Mean age: 46.0 (SD 7.8)
Mean BMI: 26.3 (SD 4.6)
Waist circumference: NR
Other:
IGT First half 12.6% Second half 10.9%
Participants in a population-based primary prevention study of cardiovascular disease (Inter99 study). Without
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In Denmark, regular screening is
not recommended. Those at high
risk should be first identified.

Part of Inter99 study
Validated using ADDITION pilot
sample (40-69 years).
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known diabetes
Pilot study (ADDITION) of 1028 adults aged 40-69 years of age, from the lists of five general practitioners in the City
of Arhus used to validate results.

No of Items
Time to complete
Reference standard used

The prevalence of pre-diabetes in 3 groups = 12.6%; 10.9%; 9.2% respectively
Age, sex, BMI, known hypertension, physical activity at leisure time, and family history of diabetes
NR
75g OGTT

Index and Comparitor tests
Sensitivity (%) for diagnosis of
IGT / IFG/T2DM

RBG of equal or >4.5 mmol/l went on to OGTT
First half Inter 99
73.3 (66.1-80.9)
Second half Inter99
66.7 (58.1-74.5)
Additional study
75.9 (58.3-90.3)

Specificity (%) for diagnosis of
IGT / IFG/T2DM

First half Inter 99
74.3 (72.7–75.6)
Second half Inter99
73.6 (71.9–75.2)
Additional study
72.2 (69.3–75.1)
First half Inter 99
PPV 11.0 (9.1–13.2) NPV 98.5 (98.0–98.9)
Second half Inter99
PPV 9.7 (7.5–11.7) NPV 98.1 (97.5–98.7)
Additional study
PPV 7.3 (4.5–10.3) NPV 99.0 (98.3–99.6)
First half Inter 99
80.4 (76.5-83.8)
Second half Inter99
76.1 (72.0-80.3)
Additional study
80.3 (72.1-87.6)
Cutoff 31 picked up IGT:
First half190 out of 409 (Sensitivity 46.5% 95% CI 41.5-51.4)
Second half, 20.6 %(17.7-23.6) (Sensitivity 47.9% 95% CI 42.3-53.6)
ADDITION 5.0% (2.8 – 8.3) (Sensitivity 45.2% 95% CI 27.3-64.0)
NR
NR
See Glumer 2006
The authors concluded that they had developed a one page questionnaire that could be used in a stepwise
screening strategy for type 2 diabetes in Denmark. The risk score decreases the proportion of the population that
need subsequent testing.

Positive and Negative-predictive
values (%) for IGT / IFG/T2DM

AuRoc Value

Reported optimal threshold

Follow up
Other properties
Cost Effectiveness
Authors conclusions

The Danish Health Care system
could only manage to test 25% of
the entire adult population.
Because the risk score is the first
part of a step-wise procedure, the
sensitivity had to be no less than
75%.
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Quality Assessment
Study

Study Aim
Screening tool
Setting / Delivered by
Characteristics targeted
Population

+
Author: Gomyo
Year: 2004
Country: Japan
Study design: Comparative evaluation
To assess the discriminating abilities of fasting plasma glucose (FPG) and HbA1c on screening tests for impaired
glucose tolerance (IGT) and IGT plus diabetes mellitus by the receiver operating characteristic (ROC) curve
analysis. To examine the effects of sex, age and BMI on sensitivity and specificity of the optimal cutoff points.
FPG (fasting Plasma Glucose)
HBA1c
NR
The subjects were divided into subgroups according to sex, age (30–39, 40–49, 50–59) and BMI (<20, 20–24.9, 25)
to examine effects of these variables on sensitivity and specificity of the optimal cutoff points. A BMI of ≥25 kg/m2
was regarded as obesity in Japanese. Furthermore, the optimal cutoff points by the subgroups were examined.
Sample: 997 subjects, without a previous history of diabetes), who were recruited for OGTT after the first screening
of the Japan Diabetes Prevention Program (JDPP).
Males: 461
Mean age: 30–59 years
Mean BMI:
Waist circumference:
Other:
Those with IGT were defined as having FPG < 126 mg/dl and 140 mg/dl ≤ 2 h PG < 200 mg/dl;
Those with impaired fasting glucose (IFG) were defined as having 110 mg/dl ≤ FPG < 126 mg/dl and 2 h PG < 140
mg/dl.
According to the 1997 criteria of ADA,
140 subjects were classified as diabetes (14.0%),
256 as having IGT (25.7%),
87 as having IFG (8.7%) and
514 as having NGT (51.6%).

No of Items
Time to complete
Reference standard used

N/A
N/A
75 g OGTT.

Index and Comparitor tests

At first screening, the subjects were selected with the criteria decided as
(1) 100 mg/dl (5.5mmol/l) ≤ FPG < 126 mg/dl (7.0 mmol/l);
(2) 140 mg/dl (7.8 mmol/l) ≤ casual plasma glucose (CPG) < 200 mg/dl (11.1 mmol/l) (less than
2 h after a meal);
(3) 110 mg/dl(6.1 mmol/l) ≤ CPG < 140 mg/dl(7.8 mmol/l)
(more than 2 h after a meal)
FPG:
Male optimal cut point 105 mg/dl (5.83 mmol/l) = 68.3%
Female optimal cut point 100 mg/dl (5.5mmol/l) = 66.9%
Optimal Cut off for both 102 mg/dl (5.6 mmol/l) = 69.1% for both males and females
Optimal Cut off 102 mg/dl (5.6 mmol/l) by sex, age and BMI:
Male 81.3% (73.3–87.7); Female 57.9% (49.1–66.3) (Significantly different compared with males).

Sensitivity (%) for diagnosis of
IGT / IFG

140
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JDPP is a randomized clinical trial
(1999) designed to assess the
efficacy of intensive diet and
exercise to prevent or delay the
onset of type 2 diabetes mellitus in
subjects with IGT. The JDPP
research group adopted a two-step
strategy for identifying subjects
with IGT by the findings of previous
reports.
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Specificity (%) for diagnosis of
IGT / IFG

Positive and Negative-predictive
values (%) for IGT / IFG
AuRoc Value
Reported optimal threshold
Follow up
Other properties
Cost Effectiveness
Authors conclusions

Age: 30-39 45.5 % (16.8–76.6), age 40 -49 68.8 % (58.5–77.8); age 50 -59 71.1 %(63.2–78.2)
BMI ≥ 25 70.5% (61.2–78.7)
HbA1c: at cut off 5.3% = 57.2%
Male 51.7 %(42.4–60.9); Female 62.3% (53.4–70.6)
Age: 30-39 27.3 %(6.0–61.0); age 40 -49 55.3%(44.7–65.6);age 50 -59 60.7% (52.3–68.6)
BMI ≥ 25 59.6 %(49.8–68.9)
FPG:
Male optimal cut point 105 mg/dl (5.7mmol/l) = 61.9%
Female optimal cut point 100 mg/dl (5.5mmol/l) = 63.4%
Optimal Cut off for both 102 mg/dl (5.6mmol/l) = 61.6% for both males and females
Optimal Cut off 102 mg/dl (5.6 mmol/l) by sex, age and BMI:
Male 50.9% (45.1–56.8); Female 69.9% (65.3–74.7)
Age: 30-39 50.9 %(45.1–56.8); age 40 -49 62.4% (55.4–69.1);age 50 -59 60.1%(55.1–65.2)
BMI ≥ 25 51.3 %(43.1–59.5)
HbA1c: at cut off 5.3% = 67.4%
Male 74.3 %(67.2–80.5); Female 63.2 %(57.8–68.6)
Age: 30-39 90.7% (79.7–96.9); age 40 -49 70.2% (62.3–77.3);age 50 -59 60.9 %(55.0–66.7)
BMI ≥ 25 58.3 %(48.7–67.4)
NR
IGT only: AUC for FPG (0.72 ± 0.02) was significantly larger than that for HbA1c (0.65 ± 0.02) (P < 0.01).
FPG: 102 mg/dl for IGT (Male 105/ Female 100)
HbA1c: 5.3% for IGT (Male 52/ Female 53)
NR
N/A
NR
Both sensitivity and specificity of each test were higher when the state of glucose tolerance was worse. In screening
with FPG, females had lower sensitivity and higher specificity than males. The specificity for IGT plus diabetes
mellitus was the lowest in the obese group (BMI ≥ 25 kg/m2). In screening with HbA1c, the specificity was lower in
the groups of 40–49- and 50–59-year-olds than the group of 30–39-year-olds and lowest in the obese group (BMI ≥
25 kg/m2).
The values were influenced by those variables. In screening with FPG, the optimal cut off point of females was lower
than that of males. In screening with HbA1c, the optimal cut off points of the groups of 40–49- and 50–59-year-olds
were higher than the group of 30–39-year-olds. The obese group had higher optimal cut off points in both FPG and
HbA1c than the other groups of BMI.
This study showed that the discriminating ability of FPG was superior to that of HbA1c, although each test can
discriminate between IGT and non-IGT (NGT plus IFG).
The DECODE study has shown that the optimal FPG cutoff point increased with increasing BMI.FPG was better
than HbA1c for screening for IGT and IGT plus diabetes mellitus, and sex, age and BMI had effects on the
performance of the screening test. A report by the WHO recommended that all those with IFG have an OGTT
performed to exclude the diagnosis of IGT or diabetes mellitus. The optimal cutoff points of FPG were lower than
the FPG values for IFG in the report by WHO. If the two-step strategy is adopted to screen for IGT plus diabetes
mellitus, we suggest selecting all those with a FPG value of 105 mg/dl or greater for the first screening, at least in
Japanese subjects.
Limitations: The population studied here was not randomly selected but a preselected group with some risk of
glucose intolerance. The age range (30–59 years) was also narrow. Despite these limitations, the results presented
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Quality Assessment
Study

Study Aim
Screening tool

in this study should be a valuable piece of information to identify subjects of IGT.
+
Author: Gray
Year: 2010
Country: UK
Study design: Evaluation of Risk Score tool (ADDITION Study)
To externally validate the LRA score
Name: Leicester Risk Assessment (LRA)
Type: A risk score developed to be used by lay members of multiethnic populations.

Setting / Delivered by

Trained Researcher

Characteristics targeted

Smoking status; alcohol consumption; occupational status; ethnicity; physical activity; FINDRISC and scales to
measure well-being and anxiety.
Sample: 6186 Aged 40 -75
Males 3048 (47.7%)
Mean age 57.3 (9,6)
Mean BMI 28.1 (5.0)
Waist circumference: 94.2 (13.1)
Other:
Ethnicity: White European 4687 (73.4%); Other 1499 (23.5%)
IGR 1043 (16.3%)
NR
NR
75g OGTT

Population

No of Items
Time to complete
Reference standard used
Index and Comparitor tests
Sensitivity (%) for diagnosis of
IGT / IFG

Specificity (%) for diagnosis of
IGT / IFG

Positive and Negative-predictive
values (%) for IGT / IFG

Cut point ≥ 12 86.7 (84.7–88.5)
Cut point ≥ 13 83.5 (81.3–85.5)
Cut point ≥ 14 79.4 (77.1–81.6)
Cut point ≥ 15 75.3 (72.8–77.6)
Cut point ≥ 16 72.1 (69.6–74.6)
Cut point ≥ 17 69.3 (66.7–71.9)
Cut point ≥ 18 63.3 (60.6–66.0)
Cut point ≥ 19 58.4 (55.6–61.1)
Cut point ≥ 20 53.2 (50.4–56.0)
Cut point ≥ 12 34.5 (33.2–35.8)
Cut point ≥ 13 39.1 (37.7–40.4)
Cut point ≥ 14 45.2 (43.8–46.5)
Cut point ≥ 15 50.5 (49.1–51.9)
Cut point ≥ 16 54.1 (52.7–55.5)
Cut point ≥ 17 57.2 (55.8–58.5)
Cut point ≥ 18 63.8 (62.5–65.2)
Cut point ≥ 19 68.2 (66.9–69.4)
Cut point ≥ 20 72.1 (70.9–73.4)
Cut point ≥ 12 PPV 24.4 (23.2–25.7) NPV 91.4 (90.0–92.6)
Cut point ≥ 13 PPV 25.1 (23.8–26.4) NPV 90.6 (89.4–91.8)
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Regulation

WHO criteria for diagnosis of
T2DM, IFG and IGT.
IGR refers to a composite of IGT
and/or IFG
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AuRoc Value
Reported optimal threshold
Follow up
Other properties
Cost Effectiveness
Authors conclusions
Quality Assessment
Study

Study Aim

Cut point ≥ 14 PPV 26.1 (24.7–27.6) NPV 90.0 (88.8–91.1)
Cut point ≥ 15 PPV 27.1 (25.6–28.6) NPV 89.3 (88.1–90.4)
Cut point ≥ 16 PPV 27.7 (26.2–29.3) NPV 88.8 (87.7–89.9)
Cut point ≥ 17 PPV 28.3 (26.7–30.0) NPV 88.4 (87.3–89.5)
Cut point ≥ 18 PPV30.0 (28.2–31.8) NPV 87.7 (86.6–88.7)
Cut point ≥ 19PPV 30.9 (29.1–32.8) NPV 87.0 (85.9–88.0)
Cut point ≥ 20PPV 31.8 (29.8–33.9) NPV 86.3 (85.3–87.3)
0.72 (for T2DM)
For IGR alone Cut off point ≥16 sensitivity 72.1 (95% CI 69.6-74.6) Specificity 54.1% (95% CI 52.7-55.5)

NR
NR
NR
Identification of high risk individuals can prevent diabetes. The risk score is a simple and non-invasive way of
targeting those in need of further testing.
+
Author: Greaves
Year: 2004
Country: UK
Study design: Evaluation
To investigate the idea of computerized searching of routinely collected data as the starting point for a targeted
screening programme. To establish the potential feasibility of this system for identifying hyperglycaemic illness, the
study assessed the prevalence of previously undetected diabetes and impaired fasting glycaemia (IFG) in four
groups of patients with selected age and BMI criteria.

Screening tool

Type: Computerized searching of routinely collected data

Setting / Delivered by

General Practice

Characteristics targeted
Population

Sample: 16 practices in Somerset, North and East Devon.
Each practice was asked to sample 100 patients for testing, 25 from each of four groups. The groups were specified
by stepped age and BMI criteria.
A sample of 100 patients from each of 16 practices was calculated to give confidence intervals (CIs) around the
estimated percentage of ±2%
In total, 1287 patients were recruited (1644 data points across the four groups). As the grouping criteria are nested
within each other, a patient could be selected for more than one group. Of the 1287 participants, 251 were selected
into two groups, 47 were selected into three groups and four were selected into all four groups.
Males: 508 (39.5%)
Mean age:
Mean BMI:
Waist circumference:
Other: Practice data on age were available for 100% of patients. In 27 cases, self-reported age differed from that on
the practice computer by >1 year. This could potentially have led to the misclassification of 11 patients (0.7%).
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BMI data in the over-50 population were available for 76.8% (95% CI 71.7–81.9) of patients. The BMI on record was
compared with the current weight and height measured at the clinics. This indicated that 328 (20.0%) of the sample
were misclassified due to either out of date or inaccurate BMI data in the practice record. However, when the data
were reanalysed excluding those misclassified, this did not substantially affect the results.

No of Items
Time to complete
Reference standard used

NR
NR
N/A

Index and Comparitor tests
Sensitivity (%) for diagnosis of
IFG
Specificity (%) for diagnosis of
IFG
Positive and Negative-predictive
values (%) for IGT / IFG
AuRoc Value
Reported optimal threshold
Follow up

N/A
N/A

Other properties

N/A
N/A
N/A
N/A
Number needed to test for either IFG or diabetes Group 1 7.7 (5.8–10.4) Group 2 7.1 (5.7–8.8) Group 3 8.3 (6.5–
10.6) Group 4 12.8 (9.1–18.0)
The rate of response to the invitation for screening was 60.6% (95% CI 55.7–65.6), based on data returned by 15
practices. No significant sampling biases due to either age or gender were found.

Cost Effectiveness
Authors conclusions

NR
Alternative systems for targeting diabetes screening, including risk questionnaires, and the calculation of risk scores
may be considerably more labour intensive, and OGT testing is likely to be less acceptable to patients than the
fasting glucose test. However, these options may provide different population coverage, more efficient targeting of
at-risk patients or more sensitive identification of cases. Alternatively, the detection rate of the computerized
searching system described here could be improved by efforts to improve BMI recording, by the development of
software patches to allow searching for ‗latest BMI‘ and potentially by the use of glucose tolerance testing.

Quality Assessment
Study

+
Author: Guerreo-Romero
Year 2006
Country: Mexico
Study design: Diagnostic accuracy study
The aim of the study was to determine the effect of lowering the criterion for normal fasting plasma glucose (FPG) on
the identification of subjects with impaired glucose tolerance (IGT) and metabolic syndrome (MS).

Study Aims
Screening tool

Name / Type: Fasting Plasma Glucose

Setting / Delivered by

Population sample

Characteristics targeted
Population

BMI, waist circumference,
Sample: 844
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Males: a) 156 31.7%, b) 81 44.8%, c) 70 40.9%
Mean age:
Mean BMI: Males a) 27.6 ± 6.8, b) 28.3 ± 6.0, c) 29.5 ± 4.5
Females a) 27.3 ± 10.2, b) 29.2 ± 5.8, c) 30.6 ± 5.6
Waist circumference: Males a) 95.7cm ± 11.8, b) 99.0cm ± 20.2, c) 103.1 ± 12.0
Females a) 91.8cm ± 13.2, b) 98.7cm ± 15.0, c) 102.0 ± 16.3
Other: A randomised two-stage cluster sampling process was used resulting 844 individuals aged 30-64 years.
According to the individual‘s FPG concentrations, participants were allocated to one of three groups, group a FPG
<5.6 mmol/L (492, 58.3% of sample), group b FPG 5.6-6.0 mmol/L (181, 21.4% of sample) and group c FPG 6.1-6.9
mmol/L (171, 20.3% of sample).
The authors reported that there were no significant statistical differences between the groups.
The prevalence of pre-diabetes = 19.1% IGT; 20.3 IFG

No of Items
Time to complete
Reference standard used

N/A
N/A
One hour Oral glucose tolerance test (OGTT)

Index and Comparitor tests
Sensitivity (%) for diagnosis of
IGT
Specificity (%) for diagnosis of
IGt
Positive and Negative-predictive
values (%) for IGT
AuRoc Value
Reported optimal threshold
Follow up
Other properties
Cost Effectiveness
Authors conclusions

FPG
5.6 mmol/L
82.0%
6.1-6.9 mmol/L 32.9%
5.6 mmol/L
67.8%
6.1-6.9 mmol/L 82.7%
5.6 mmol/L
37.5% PPV, 94.1% NPV
6.1-6.9 mmol/L 31.0% PPV, 84.0% NPV
Not reported
The authors reported an FPG cut-off point of 5.6 mmol/L
Not reported
Not reported
Not reported
The authors concluded that, taking into account that the main goal of screening such as the early detection of risk
factors in an apparently healthy population requires diagnostic tests of high sensitivity, lowering the normal criterion
for FPG to 5.6 mmol/L increases the identification of subjects with IGT, improving the success of FPG as a
screening tool for T2DM.
+
Author: Heikes
Year: 2008
Country: US
Study design: Development and comparison of two different tools using different methods. The one that best
served objectives of simplicity and accuracy was selected.
Name: Diabetes Risk Calculator
Type: A simple, self-administered, paper-based screening tool that could be used by the public to determine their
risk of having pre-diabetes (or undiagnosed diabetes) and to help people decide whether they should see a
physician for further evaluation.
Additional details about the data collection and analysis are described in a technical report available as an online

Quality Assessment
Study

Screening tool
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Data from the Third National
Health and Nutrition Examination
Survey (NHANES) (1988–1994)
was used to build and internally
validate the tool.
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Setting / Delivered by
Characteristics targeted

appendix at http://dx.doi.org/10.2337/dc07-1150
Self-administered / GP administered
BMI, height, weight, waist circumference, waist-to-hip ratio, age, sex, race/ethnicity, taking blood pressure
medication, taking cholesterol medication, gestational diabetes, high blood pressure, high cholesterol, history of
diabetes (any blood relative), history of diabetes (parent or sibling), history of diabetes (parent), history of diabetes
(sibling), and exercise compared with peers.
Not all variables were used in the final tool; their inclusion in the final models depended on their value as predictors
of pre-diabetes and undiagnosed diabetes.

Population

Sample: 7,092 participants who were aged ≥20 years and had FPG results.
Males
Mean age
Mean BMI
Waist circumference:
Other: Two-hour OGTT data were available for approximately half of those aged 40–75 years. For people for whom
2-h OGTT results were missing, the diagnoses were based on FPG alone.
The prevalence of pre-diabetes in the NHANES III dataset was 26.14%.

No of Items

Time to complete
Reference standard used
Index and Comparitor tests
Sensitivity (%) for diagnosis of
IGT / IFG
Specificity (%) for diagnosis of
IGT / IFG
Positive and Negative-predictive
values (%) for IGT / IFG
AuRoc Value
Reported optimal threshold

Follow up
Other properties

The definitions of pre-diabetes are
based on fasting plasma glucose
(FPG) and glucose tolerance, as
measured by a 2-h plasma oral
glucose tolerance test (OGTT). IFG
is defined as FPG of 100-125
mg/dl. IGT is defined as 2-h OGTT
result of 140–199 mg/dl. Prediabetes is defined as IFG and/or
IGT without diabetes.
Analysis of the group for whom
both FPG and OGTT data were
available revealed that the lack of
OGTT data for some of the
participants did not materially affect
the stability of the results; the
overall effect of the missing data
was to underestimate the
prevalences of pre-diabetes by
app. 2%.

The DRC includes questions on age, waist circumference, gestational diabetes, height, race/ethnicity, hypertension,
family history, and exercise. The tree begins in upper left corner. An individual moves through the tree in directions
determined by answers to questions at each branch, until ending in a terminal node (oval). The probabilities an
individual at any terminal node has undiagnosed pre-diabetes are shown in the nodes.
NR
FPG
OGGT
With use of a cut point of 0.254, sensitivity was 80%
Using risk of pre-diabetes as probability >29% Training 75.36%; NHANES 1999-2004 77.65%
With use of a cut point of 0.254, specificity was 64%
Using risk of pre-diabetes as probability >29% Training 64.59%; NHANES 1999-2004 51.36%
Training PPV 49% NPV 85%
Using risk of pre-diabetes as probability >29%; NHANES 1999-2004 PPV 40.5%, NPV 84.3%
With use of a cut point of 0.254, area under receiver operating characteristic (ROC) was 0.793
Using risk of pre-diabetes as probability >29% Training 0.7503; NHANES 1999-2004 0.6991
Cut point of 0.254
Each terminal node can designate an individual to be at high risk of either 1) diabetes or pre-diabetes (if the
probability of undiagnosed diabetes is >8%) or 2) pre-diabetes (if the risk of pre-diabetes is >29% and the risk of
undiagnosed diabetes is = or <2.5%), or 3) neither diabetes or pre-diabetes (if the risk of pre-diabetes is ≥29%and
the risk of undiagnosed diabetes is <1%).
NR
NR
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Validations were performed using
split datasets, in which the model
was ―trained‖ on a randomly
selected subset of the data and
tested on the remaining data.
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Screening tool
Setting / Delivered by
Characteristics targeted
Population

NR
This appears to be the fore-runner of the ADA on-line tool (US).
The DRC sorts people into 14 different categories and reports for each category the probability that an individual is
at low risk or high risk for either undiagnosed diabetes or pre-diabetes. The screening tool can be used by
physicians to assess the risks of their patients or can be self-administered by individuals to assess their own risks.
Use of this tool enables the identification of individuals who might benefit from confirmatory tests and treatment to
delay or prevent the onset of type 2 diabetes and its complications. Development of a patient- friendly, electronic
version is underway for broader use in clinical practice.
+
Author: Heldgaard
Year: 2006
Country: Jutland, Denmark
Study design: Cross-sectional study
Name: Cambridge Risk Score (CRS)
Type: Routinely collected data recorded in general practices.
NR

Sample: Danish general practice population (1,355)
Males:
Mean age:
Mean BMI:
Waist circumference:
Other: Population characteristics not reported for sample as a whole.
Prevalence of pre-diabetes in sample = 10.4%

No of Items

Age (years), sex, BMI (4 categories), prescribed anti-hypertensives or steroids, diabetes family history (parents or
siblings*), smoking (non-smoker, ex-smoker, or current smoker)

Time to complete
Reference standard used

NR
A 10 hour overnight fast and a standard 75g Oral glucose tolerance test.

Index and Comparitor tests
Sensitivity (%) for diagnosis of
IGT / IFG

As above
CRS Threshold
0.058
0.086
0.143
0.246
0.428
CRS Threshold
0.058
0.086
0.143
0.246
0.428
CRS Threshold

Specificity (%) for diagnosis of
IGT / IFG

Positive and Negative-predictive

3/6

80.2 (73.6-83.5)
71.5 (64.4-77.7)
58.7 (51.3-65.8)
47.1 (39.8-54.5)
30.8 (24.4-38.1)
54.4 (51.5-57.2)
64.6 (61.8-67.3)
74.2 (71.6-76.6)
83.9 (81.7-85.9)
93.1 (91.5-94.4)
PPV

NPV
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2,082 patients (aged 20 to 69
years) from a single general
practice were invited to take part.
After exclusions, 1,355 people
were assessed and include din the
analysis.
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Screening tool

0.058
20.4 (18.0-23.0) 95.0 (93.1-96.4)
0.086
22.7 (20.2-25.4) 94.0 (92.1-95.4)
0.143
24.8 (22.2-27,6) 92.5 (90.7-94.0)
0.246
29.8 (27.0-32.7) 91.6 (89.8-93.1)
0.428
39.0 (36.0-42.1) 90.2 (88.5-91.8)
74.0% (69.9-78.0)
0.246
NR
NR
NR
The authors conclude that glucose disorders are common within the Danish population, and that the CRS performs
well in identifying both undiagnosed type 2 diabetes as well as reasonably well in identifying those with pre-diabetes.
Calculating risk scores automatically using electronic medical records followed by diagnostic testing on a proportion
of the population is more practical than inviting all the adults on the general practice list for blood glucose tests. The
CRS in addition does not entail distribution or analysis of questionnaires. General practitioners should be
encouraged to collect and record risk factor information necessary to calculate predictive models.
+
Author: Herdzik
Year 2002
Country: Poland
Study design: Assessment of a screening strategy.
To determine if measuring fasting capillary glycaemia (FCG) along with fructosamine and/or glycosylated
haemoglobin allows the detection of glucose tolerance abnormalities better than FCG alone.
Name: FCG; FSA; HbA1c

Setting / Delivered by

Outpatient Clinic

Characteristics targeted
Population

N/A
Population: Caucasian men and women over 18 years of age, living in Western Pomerania in Poland, referred
between January 1993 and December 1999 to the Outpatients‘ Clinic or to the Department of Internal Medicine at
Pomeranian Academy of Medicine because of suspicion of having diabetes due to symptoms or having known risk
factors for glucose intolerance.
Sample: 538 subjects. Due to financial limitations, determinations of fructosamine (FRA) and glycosylated
haemoglobin HbA1c were available only in subsets of these patients and depended on the doctors‘
recommendation.
OGTT was not performed on patients with fasting capillary glucose ≥11.1 mmol/l (200 mg/dl). Pregnant women,
patients with previously diagnosed diabetes and patients receiving hypoglycaemic treatment were excluded from the
study.
Males: (n=299) 55.5%
Mean age:
Mean BMI: Males 28.9 (2.7) Females 27.6 (2.1)
Waist circumference:
Other: The serum fructosamine concentration was determined in 480 of these patients (54.8% were men; n =263).

values (%) for IGT / IFG

AuRoc Value
Reported optimal threshold
Follow up
Other properties
Cost Effectiveness
Authors conclusions

Quality Assessment
Study

Study Aims

No of Items

Prevalence of pre-diabetes in sample = 17.65%
N/A
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Time to complete
Reference standard used

N/A
OGTT

Index and Comparitor tests
Sensitivity (%) for diagnosis of
IGT / IFG

FCG; FRA; HbA1c
FCG
Cut-off: 4.9 Sensitivity 75.8%
Cut-off:5.4 Sensitivity 66.7%
Cut-off: 5.5 (maximal effectiveness) Sensitivity 63.5%
Cut-off:5.6 (ADA criterion) Sensitivity 62.6%
Fructosamine (FRA)
Cut-off: 234 Sensitivity 69.0%
Cut-off: 276 Sensitivity 33.7%
Cut-off: 247 (maximal effectiveness) Sensitivity 58.3%
HbA1c
Cut-off 4.81 Sensitivity 67.0%
Cut-off 5.28 Sensitivity 51.3%
Cut-off 5.29 Sensitivity 51.3%
Cut-off
FCG
Cut-off: 4.9 Specificity 77.1%
Cut-off:5.4 Specificity 96.2%
Cut-off: 5.5 (maximal effectiveness) Specificity 99.4%
Cut-off:5.6 (ADA criterion) Specificity 100%
Fructosamine (FRA)
Cut-off: 234 Specificity 69.3%
Cut-off: 276 Specificity 95.2%
Cut-off: 247 (maximal effectiveness) Specificity 83.6%
HbA1c
Cut-off 4.81 Specificity 67.2%
Cut-off 5.28 Specificity 95.0%
Cut-off 5.29 Specificity 95.8%

Specificity (%) for diagnosis of
IGT / IFG

Positive and Negative-predictive
values (%) for IGT / IFG
AuRoc Value
Reported optimal threshold
Follow up
Other properties
Cost Effectiveness
Authors conclusions

NR
FCG 0.865 (± 0.017)
FRA 0.748 (± 0.024)
HbA1c 0.777 (± 0.03)
FCG 5.6%
FRA 247
HbA1c 5.29%
NR
NR
NR
In our study, in patients in whom 2h-CG values were in IGT range, FCG value in 74.74% of them was within normal
range, and in 25.26% in the IFG range according to ADA. These results are similar to those of the analysis
conducted by DECODE Study Group (70% and 23%, respectively). Our study confirms that FPG value is limited in
identification of the patients with IGT. Therefore, in detecting mild abnormalities of glucose tolerance OGTT seems
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still to have importance. We found higher correlation between FCG and HbA1c (r=0.66) than between 2h-CG and
HbA1c (r=0.602). We also found higher correlation between 2h-CG and fructosamine than between FCG and
fructosamine. Combined use of FCG and fructosamine allowed better prediction of 2-hour post-load glucose
combined use of FCG and HbA1c. Although HbA1c alone correlated better with 2h-CG than FRA (the difference was
not statistically significant), in contrast to FRA it was strongly correlated with FCG, so adding HbA1c to FCG did not
bring more information in predicting 2h-CG because of the effect of redundance. Adding FRA to FCG helped in
higher degree to predict 2h-CG, because its high values probably reflected high post-load glycaemia even in
patients with normal fasting glucose. Combined use of FCG, FRA and HbA1c did not significantly improve prediction
of 2-hour post-load glycaemia compared to combined use of FCG and FRA.
These findings could have importance in case of IGT patients, in whom FPG alone allows to qualify only 29% of
them to IFG group. It would allow to increase sensitivity in detecting this abnormality, being potential risk factor of
developing diabetes. In summary, our study showed that among three examined parameters, FCG is the most
effective in detecting glucose tolerance abnormalities and predicting 2-hour postload glycaemia in OGTT. An
additional parameter, whose determination combined with FCG measurement brings some benefits in detecting IGT,
is serum fructosamine concentration. The oral glucose tolerance test remains an irreplaceable diagnostic tool in
detecting diabetes, and particularly other glucose tolerance abnormalities (IGT).
Author: Hu
Year 2009
Country: China
Study design: Diagnostic accuracy study
To assess the validity of combined use of fasting plasma glucose (FPG) and glycated hemoglobin A1c (HbA1c) as
screening tests for diabetes and impaired glucose tolerance (IGT) in high-risk subjects.
Combined use of fasting plasma glucose (FPG) and HbA1c

Setting / Delivered by

Subjects went to the Diabetes and Endocrine Department of Shanghai Renji Hospital for screening

Quality Assessment
Study

Study Aim

Characteristics targeted
Population

Sample: 2,298 Chinese Han nationality subjects aged over 18 years of age with known risk factors for diabetes
Males: All subjects 956/2298 (41.6%), NGT 304/830 (36.6%), IFG 43/110 (39.1%), IGT 149/380 (39.2%), IFG+IGT
78/183 (42.6%), undiagnosed diabetes 382/795 (48.1%).
Mean age: All subjects 54.2 years (SD 13.3), NGT 48.7 ± 14.9, IFG 55.5 ± 9.7, IGT 52.8 ± 13.5, IFG+IGT 57.1 ±
10/9, undiagnosed diabetes 54.7 ± 11.3.
Mean BMI: Not reported
Waist circumference: Not reported
Other:
Prevalence of pre-diabetes in sample = 16.5%

No of Items
Time to complete
Reference standard used

N/A
N/A
The test was performed after three days of normal carbohydrate intake and physical activity and venous blood
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Data on subjects came from a
hospital‘s medical examination
database. High risk subjects were
those that had the risk factors that
included a family history of
diabetes, a history of gestational
diabetes, obesity (BMI ≥ 25 kg/m2),
and a history of impaired glucose
tolerance. Subjects were split into
five groups using 1999 World
Health organisation criteria, the
groups were normal glucose
tolerance (NGT), impaired fasting
glucose (IFG), impaired glucose
tolerance (IGT), IFG and IGT, and
newly diagnosed diabetes.
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Index and Comparitor tests
Sensitivity (%) for diagnosis of
IGT

Specificity (%) for diagnosis of
IGT

Positive and Negative-predictive
values (%) for IGT
Roc Value
Reported optimal threshold
Follow up
Other properties
Cost Effectiveness
Reviewer comments
Authors conclusions
Quality Assessment
Study

Study Aim

samples were drawn after an overnight fast of at least 10 hours. Oral glucose tolerance test (OGTT was performed
with 75-g glucose and FPG and two hour PG were measured together with HbA1c, 1999 WHO criteria were used.
FPG
HbA1c was measured by the high-performance liquid chromatography (HPLC) method with a BIO-RAD analyser.
FPG ≥ 5.6 mmol/l 64.1% (95% CI 61.7 – 66.5)
FPG ≥ 6.1 mmol/l 32.4% (95% CI 30.0 – 34.8)
HbA1c ≥ 5.6% 66.2% (95% CI 63.8 – 68.6)
FPG ≥ 5.6 mmol/l and HbA1c ≥ 5.6% 42.4% (95% CI 39.9 – 44.9)
FPG ≥ 5.6 mmol/l or HbA1c ≥ 5.6% 87.9% (95% CI 86.3 – 89.5)
FPG ≥ 5.6 mmol/l 65.4% (95% CI 63.0 – 67.8)
FPG ≥ 6.1 mmol/l 88.3% (95% CI 86.7 – 89.9)
HbA1c ≥ 5.6% 51.0% (95% CI 48.5 – 53,5)
FPG ≥ 5.6 mmol/l and HbA1c ≥ 5.6% 82.4% (95% CI 80.5 – 84.3)
FPG ≥ 5.6 mmol/l or HbA1c ≥ 5.6% 33.4% (95% CI 31.0 – 35.8)
Not reported
Poorly reported
The optimal cut point of FPG for detecting IGT diagnosed by OGTT was 5.6 mmol/l and for HbA1c it was 5.6%
Not reported
Not reported
The authors make the point that only Shanghai Han nationality subjects participated and that the high risk group in
the study were not representative of the general population.
The authors concluded that compared with FPG or HbA1c alone, the simultaneous measurement of FPG and HbA1c
(FPG and/or HbA1c) might be a more sensitive and specific screening tool for identifying high-risk individuals with
diabetes and IGT at an early stage.
+
Author: Janssen
Year 2007
Country: Netherlands
Study design: Diagnostic accuracy study
To evaluate the efficiency of population-based screening for Type 2 diabetes.

Screening tool

Two stepwise population-based screening procedures were performed. The first screening procedure consisted of
four steps, a questionnaire, random glucose measurement, fasting glucose measurement and oral glucose tolerance
test (OGTT) and was carried out from May 2002 to January 2003. The second procedure (from July 2003 to April
2004) consisted of three steps (without random glucose measurement).

Setting / Delivered by

A regional laboratory

Characteristics targeted
Population

Age, gender, BMI.
Sample: 17,883, of these, 11,028 were on the four step screening procedure and 6,855 were on the three step
screening procedure.
Males: 44.7% four step screening procedure, 45.1% three step screening procedure.
Mean age: Not reported
Mean BMI: Not reported
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Subjects with undiagnosed
diabetes were excluded in the
calculation of sensitivity and
specificity for IGT.

Poorly reported
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Index and Comparitor tests

Sensitivity (%) for diagnosis of
IGT
Specificity (%) for diagnosis of
IGT
Positive and Negative-predictive
values (%) for IGT
AuRoc Value
Reported optimal threshold
Follow up
Other properties
Cost Effectiveness
Reviewer comments

Authors conclusions

Quality Assessment
Study

Aim of Study

Waist circumference: Not reported
Other:
N/A
N/A
N/A
In the four-step screening procedure, the first step consisted of the questionnaire (Step 1). Participants with a score
>4 points were invited for a random blood glucose (RBG) measurement (Step 2). If RBG >5.5 mmol/l, a fasting blood
glucose (FBG) was measured (Step 3). Participants with an RBG >11.1 mmol/l and FBG >6.0 mmol/l were
diagnosed as diabetic patients. Those with FBG >6.0 mmol/l but RBG <11.1 mmol/l were invited for further
diagnostic testing by means of a standard 75-g oral glucose tolerance test (OGTT) (Step 4).
The three-step screening procedure, only capillary blood samples were taken, due to cost implications, Participants
with a score >6 points on the questionnaire (Step 1) were invited for FBG measurement (Step 2). RBG
measurement was not performed. If FBG >6.0 mmol/l, a capillary OGTT followed (Step 3).
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
The authors reported that approximately one-third (31.4%, 17,883/56,978) of patients from the general practices
showed up to undergo glucose testing. A further three quarters (76.6%, 1300/1698) of those invited for the OGTT
showed up. This indicates a drop-out rate of 23.4% of people invited for an OGTT. It was reported that the yield of
the diabetes screening programme was low, (1.0% of those invited were diagnosed with diabetes), the yields from
the two procedures were not significantly different (1.0% for the four step procedure and 1.1% for the three step
procedure). It was commented on by the authors that a considerable number of people who might be at high risk for
diabetes did not attend the screening at all. Since dropout rates were high among high-risk individuals within both
screening procedures, it is unlikely that the comparison is distorted.
The authors concluded that in the Netherlands, the yield of population-based screening is low. The dropout among
high-risk individuals was high. Given the decreasing prevalence of undiagnosed diabetes and the possibility of
opportunistic screening on a continuous basis, opportunistic screening for diabetes might be more appropriate than
population-based screening.
Author: Lidfelt
Year: 2001
Country: Sweden
Study design:
To evaluate a screening procedure for detecting high-yield candidates for an OGTT in a population of middle-aged
Swedish women.
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Women of 50-59 are stated to be
at increased risk of CVD, losing
their previous advantage over men.
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Setting / Delivered by

Name /Type: 2-step procedure:
1) Questionnaire – present and previous diseases, drug treatment, family history of T2D.
2) Laboratory examination and physical examination; weight, height, waist hip circumference (WHR), BP,
Random Capillary Blood Glucose, non-fasting lipid profile.
Those with one or more positive screening variable were offered OGTT.
NR

Characteristics targeted

Weight, height, waist hip circumference (WHR), BP, Random Capillary Blood Glucose, non-fasting lipid profile.

Population

Sample: All women aged 50-59 years (1935-1945) from 5 communities of Lund, Sweden.
6917 out of 10,766 (64.2%) women agreed to participate.
Males: N/A
Mean age: All: 56.4 (SD 3.0). 56.4 (SD 2.9) in NFG/NGT; rising through the groups to 57.7 (SD2.9) in diabetes.
Mean BMI: All: 25.4 (4.1) Highest mean was for IFG/IGT (29.7; SD 5.3)
WHR: All: 0.78 (0.06) Highest mean was for IFG/IGT (0.84; SD 0.07)
Other:
Those with known diabetes, stroke or MI previous year, severe concurrent disease were excluded.

Screening tool

No of Items
Time to complete
Reference standard used

Index and Comparitor tests
Sensitivity (%) for diagnosis of
IGT / IFG
Specificity (%) for diagnosis of
IGT / IFG
Positive and Negative-predictive
values (%) for IGT / IFG
AuRoc Value
Reported optimal threshold
Follow up

Prevalence of pre-diabetes in the sample = 3.7%
N/A
N/A
OGTT
NGT = <5.6 mmol/l and normal 2h-glucose <6.7 mmol/l.
IFG/NGT = normal fasting glucose and 2h-glucose 6.7-9.9 mmol/l
IFG/IGT = fasting glucose 5.6-6.0 mmol/l and 2h-glucose 6.7-9.9 mmol/l.
2 step as above
5.29% for RF and RCBG
70.1% based on findings of the control sample (n=300)
If IFG/NGT was added to the ‗normal‘ group, making OGTT obligatory for diagnosis, sensitivity would be 79.7%
55.1% based on findings of the control sample (n=300)
if IFG/NGT was added to the ‗normal‘ group, making OGTT obligatory for diagnosis, specificity would be 55.5%
PPV 33.6%; NPV 85.1% based on findings of the control sample (n=300)
f IFG/NGT was added to the ‗normal‘ group, making OGTT obligatory for diagnosis, PPV would be 29.0%, NPV
92.3%
NR
N/A
3593 had a positive screening outcome, of whom 2923 had an OGTT.
3324 had a negative screening outcome. Of these, from 300 control group women, 221 had an OGTT. Lack of time
was given as a reason for not attending the follow-up.
More non-participants than participants died during 1995-99 (2.6% vs. 0.2% p<0.001) as well as during the following
2 years. The main cause of death was cancer in non-participants (64/99) and participants (10/12) 14/99 nonparticipant deaths were due to CVD (not diabetes related), vs. 0 in the participating group.
Women with positive screening outcome who attended follow-up (n=2923) had higher DBP (p<0.001), B-glucose
(p<0.01) and S-triglycerides (p<0.05) compared to those that did not attend follow-up (n=536).
In women with negative screening outcome, WHR was lower (p,0.05) in the control group attending follow-up
(n=221) compared to other women with negative screening outcome (n=3016 + 79 = 3095).
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OGTT results in positive screens: –
1940 (66.4%) had NFG/NGT; 134 (4.6%) had IFG/IGT; 517 (17.7%) had NFG/IGT; 109 (3.7%) had IFG/IGT and 223
(7.6%) had diabetes.
The 2 most striking positive variables were S-triglycerides and BP, occurring in 18.4% and 18.1% respectively.
NR
In this population-based study, 64% participated. The non-participating group had a higher death rate, though not
due to diabetes-related diseases. Women who were invited to, but did not attend for OGTT (536 with positive
screening and 79 controls with negative screening outcomes) were no different to attendees in terms of primary
screening variables (risk factors).
In the positive screening outcome group, 17.7% had NFG/IGT, 3.7% IFG/IGT and almost 8% had previously
unknown diabetes (about x4 of those negatively screened). There were no differences in groups for IFG/NGT. The
risk factor variables were not associated in this study with the presence of IFG.
The sensitivity (70%) of the instrument was sufficient, though the PPV was only 34%, suggesting a high rate of false
positives. However the figures were based on presumed prevalence in the non-participating and negative screening
groups. In addition, changing the risk factor variables (deleting drug treatment of hyperlipidaemia, family history of
diabetes and hypertriglyceridaemia) would give a specificity of 66%, with sensitivity lowered to 62%. Both sensitivity
and specificity would be higher (80% and 56% respectively) if IFG/NGT was deleted, with these participants being
regarded as normal.
In summary, a high prevalence of unknown impaired glucose metabolism was found in middle-aged women with a
positive screening profile.
++
Author: Luders
Year 2005
Country: Germany
Study design: Evaluation
Name: PreDiSc study
Type: STIX

Setting / Delivered by
Characteristics targeted
Population

No of Items
Time to complete

Sample: 34 practices, involving general medical practitioners, internists and diabetes consultants.
267 patients with known treated hypertension (≥140/ ≥90mmHg), or untreated hypertension (≥140/ ≥90mmHg), and
older than 18 years.
Males: 48%
Mean age: 60.9
Mean BMI: 30.7 kg/m2.
Waist circumference:
Other:
Eligibility: If the STIX value was in the range of 100–130 mg/dl, the patients would have been screened for further
inclusion criteria. The patients would have been eligible to participate
in the PreDiSc study, if at least one of the following inclusion criteria had been found – body mass index (BMI) of ≥25
kg/m2 or a previous history of impaired glucose tolerance or diabetes mellitus in parents or siblings.
Prevalence of pre-diabetes in the sample = 37% (HbA1c ≥ 6 mmol/l)
N/A
N/A
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Reference standard used

OGTT

Index and Comparitor tests

The capillary fasting glucose value was determined with a commercial Stix measuring device (STIX, Glucostix,
Bayer, Leverkusen, Germany).
HbA1c of ≥6%, glucose in the venous blood of≥110 mg/dl and age of ≥55 years has a sensitivity of 82%.
HbA1c 58%
Fasting glucose 62%
HbA1c1 + fasting glucose 61%
HbA1c1 + fasting glucose + age 82%
HbA1c1 + fasting glucose+ age + SBP 79%
HbA1c1 + fasting glucose + age + SBP + waist 83%

Sensitivity (%) for diagnosis of
IGT / IFG

Specificity (%) for diagnosis of
IGT / IFG

HbA1c of ≥6%, glucose in the venous blood of≥110 mg/dl and age of ≥55 years has a specificity of 76%
HbA1c 84%
Fasting glucose 57%
HbA1c1 + fasting glucose 78%
HbA1c1 + fasting glucose + age 76%
HbA1c1 + fasting glucose+ age + SBP 74%
HbA1c1 + fasting glucose + age + SBP + waist 76%

Positive and Negative-predictive
values (%) for IGT / IFG

PPV78% ; NPV 60%
HbA1c 79 66
Fasting glucose 60 59
HbA1c1 + fasting glucose PPV 78% NPV 60%
HbA1c1 + fasting glucose + age PPV 81% NPV 74%
HbA1c1 + fasting glucose+ age + SBP PPV 79% NPV 74%
HbA1c1 + fasting glucose + age + SBP + waist PPV 80% NPV 82%
HbA1c 0.614
Fasting glucose 0.671
HbA1c1 + fasting glucose 0.688
HbA1c1 + fasting glucose + age 0.716
HbA1c1 + fasting glucose+ age + SBP 0.722
HbA1c1 + fasting glucose + age + SBP + waist 0.724
HbA1c ≥ 6mmol/l
NR
An OGTT value was determined for 260 patients (148 of these had been in the ‗suspect‘ range following the STIX
test). A comparison of the percentage frequency of concomitant risk factors (familial diabetes, familial
hyperlipidaemia and familial hypertension) in the two groups did not show any significant differences.
NR
The close correspondence between STIX screening and enzymatic determination in the venous blood was
confirmed by the fact that the absolute differences were <10%. The difference in the percentage frequency of the
normal 2-h OGTT category (<140 mg/dl) may be explained by the lower cut-off for the STIX measurement. As this
started at 100 mg/dL, whereas the glucose determination method only started at 110 mg/dL, it is no surprise that the
rate of ‗normal‘ OGTT findings is higher in the STIX group.
Because impaired glucose tolerance in patients suffering from hypertension results in an increased risk of
cardiovascular disease, it needs to be recognized and treated at an early stage. The OGTT, which is regarded as
the diagnostic gold standard in this context, is not fully accepted in daily clinical practice because of its cumbersome

AuRoc Value

Reported optimal threshold
Follow up
Other properties
Cost Effectiveness
Authors conclusions
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Quality Assessment
Study

Study Aims
Screening tool

nature. Therefore, various specialist associations, such as the American Diabetes Association or the Deutsche
Diabetes Gesellschaft (German Diabetes Association), recommend that screening for impaired glucose tolerance be
simplified in the form of the easier-to-perform and less expensive determination of fasting glucose. Impaired glucose
tolerance should be suspected, if fasting glucose is ≥126 mg/dl on a second measurement. Although this screening
method is much simpler to perform than the OGTT, it does have the drawback that its diagnostic sensitivity is very
low (19%).
Sole use of an HbA1c value of ≥6% or the sole use of an isolated fasting glucose value of ≥110 mg/dl is only
sensitive to the existence of impaired glucose tolerance. Only 50% (51/101) of all patients with impaired glucose
tolerance were identified with the sole use of an HbA1c value of >6%. Sixty-seven per cent (68/101) of patients were
identified with a fasting glucose value of >110 mg/dl. This result confirms the criticism voiced by other investigators
with regard to the use of the isolated measurement of only one of the two parameters. If both parameters are used,
the diagnostic value increases significantly (sensitivity 61%, specificity 78%, positive predictive value 78% and
negative predictive value 60%).
+
Author: Mannucci
Year 2003
Country: Italy
Study design: Assessment of a screening strategy.
To assess the sensitivity and specificity of FPG and HbA1C in diagnosing diabetes and IGT, determined by oral
glucose tolerance test (OGTT).
Name: FPG and HbA1c
Type: Plasma and whole blood tests.

Setting / Delivered by

Medical doctors with general practices

Characteristics targeted
Population

N/A
Sample: All 67 000 residents of Bagno a Ripoli (a suburban community in the outskirts of Florence) aged 30–70
years were invited, through newspaper and television announcements and posters, to participate in the study.
Males: Men (n=567) Women (n=648) took part in the study.
Mean age: Men 52.2 (±19.5) Women 52.0 (±17.6)
Mean BMI: Men 26.7 1(±3.5) Women 25.4 1(±4.5)
Waist circumference: Men 92.8 (±10.4) Women 85.0 (±11.4)
Other: A detailed personal and family medical history was collected; weight and height were measured without
shoes and in light clothing, while waist and hip circumferences were measured according to WHO
recommendations.
Diagnosis of diabetes was made in 53 men (9.3%) and 27 women (4.2%). Impaired fasting glucose (fasting
glycaemia, 6.3–6.9 mmol/l) was diagnosed in 161 subjects including 107 men (19.0%) and 54 women (8.4%).
Impaired glucose tolerance was diagnosed in 96 participants, including 61 men (10.8%) and 31 women (4.8%).
The prevalence of diabetes, IFG, and IGT was significantly (p<0.05) higher in obese (BMI>30 kg/m2) or overweight
(BMI=25–30 kg/m2) subjects when compared to the rest of the sample. The majority of subjects with impaired
glucose tolerance had fasting plasma glucose levels within the normal range, while most of those with impaired
fasting glucose had normal glucose tolerance. In non-diabetic subjects, IGT and IFG were more frequently
associated in obese subjects among men (p<0.05 vs. the rest of the sample), but not among women; prevalences of
IFG in individuals with IGT were 23.0%, 40.0%, and 61.1% in men, and 25.0%, 44.4%, and 20.0% in women, among
normal-weight, overweight, and obese subjects, respectively. Subjects with combined IFG and IGT had signifìcantly
(p<0.05) higher BMI and HbA1C (29.1±4.3 kg/m2, and 5.7%±0.4%, respectively), when compared to those with IFG
(27.9±4.2 kg/m2 and 5.5%±0.4%) and IGT (27.6±4.6 kg/m2 and 5.5%±0.5%) only.
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No of Items
Time to complete
Reference standard used
Index and Comparitor tests
Sensitivity (%) for diagnosis of
IGT / IFG
Specificity (%) for diagnosis of
IGT / IFG
Positive and Negative-predictive
values (%) for IGT / IFG
AuRoc Value
Reported optimal threshold
Follow up
Other properties
Cost Effectiveness
Authors conclusions

Quality Assessment
Study

Study Aim

Prevalence of pre-diabetes = 13.25% IFG, 7.6% IGT
N/A
N/A
OGTT. Glucose tolerance was assessed in all participants. A 75-g oral glucose load (50% solution in water) was
administered, and plasma glucose was again measured after 120 min rest.
In the morning, after an overnight fast, venous blood samples were drawn for the determination of HbA1C, lipid
profile, and plasma glucose. The upper limit of the reference range for HbA1C in nondiabetic subjects was 5.5%.
FPG with a threshold of 6.1 mmol/l, has a sensitivity for IGT of 40.9% and 29.0% in men and women, respectively.
Using HbA1C >5.5% or FPG >6.1 mmol/l as screening criteria for IGT, sensitivity was 59% and 54.8% respectively,
in men and women.
FPG with a threshold of 6.1 mmol/l, has a specificity of 25.0% and 18.0%, in men and women, respectively.
Using HbA1C >5.5% or FPG >6.1 mmol/l as screening criteria for IGT, specificity was 19.3% and 9.3%, respectively,
in men and women.
NR
NR
HbA1c > 5.5%; FPG≥ 6.1; for IGT
NR
N/A
NR
The determination of fasting plasma glucose is not useful in the screening of IGT, as previously reported. While
glycated haemoglobin alone does not provide any advantage over FPG in the screening of IGT, the combined use of
HbA1C and FPG with a threshold of 5.5% (upper limit of normal range) for HbA1C and 6.1 mmol/l for FPG, improves
the sensitivity of screening, facilitating the identification of individuals with IGT. While this procedure can be useful
for case finding in clinical research, it still fails to detect over one-third of individuals with IGT. Furthermore, the
specificity of combined FPG and HbA1C for IGT is not sufficient to recommend this method for systematic screening
in the general population. Considering the clinical relevance of diagnosing IGT, periodical screening with OGTT can
be recommended in all persons at high risk.
+
Author: Maynard, Rohrscheib, Way, Nguyen & Ediger
Year: 2007
Country: USA
Study design: Diagnostic accuracy study
To compare the performance of a novel noninvasive technology to fasting plasma glucose (FPG) and A1C tests for
detecting undiagnosed diabetes and impaired glucose tolerance.

Screening tool

Name: Spectroscopic measurement of dermal advanced glycation end products (SAGE)
Type: A non-invasive device that detects the fluorescence of skin advanced glycation end products

Setting / Delivered by

University setting?
Not reported who delivered the test
Comparison of SAGE with FPG and A1C assessed using the 2-hour OGTT
Sample: Participants were selected from individuals who responded to flyers and newspaper advertising. Subjects
were recruited until the target prevalence of abnormal glucose tolerance was comfortably achieved. Selection criteria
were one or more risk factors for diabetes per the American Diabetes Association standard-of-care guidelines.

Characteristics targeted
Population
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Individuals with aprevious diagnosis of diabetes were excluded. When recruiting concluded, 84 subjects with
abnormal glucose tolerance had been identified within a cohort of 351 participants.
Males: 128/351 or 36.5%
Mean age: NR (range 21 to 86 years)
Mean BMI: NR
Waist circumference: NR
Other: To demonstrate superior sensitivity at 80% power with 95% CI, an abnormality in 80 subjects was required.
At that prevalence and for a projected SAGE sensitivity of 68%, the power calculations yield a 95% CI for test
sensitivity of 57.8–78.2%.
Prevalence of pre-diabetes = 15.6% IGT

No of Items

N/A

Time to complete
Reference standard used

Approximately 1 minute
OGTT

Index and Comparitor tests

FPG and A1C assessed using the 2-hour OGTT
The screening performance of FPG and A1C tests and SAGE were assessed by comparing their respective
sensitivities at a relevant clinical threshold. An appropriate comparative threshold for screening is the FPG threshold
for impaired fasting glucose (IFG). All three tests were evaluated at the specificity corresponding to this FPG value
(100 mg/dl).
SAGE values could range from a possible 0 to 100, and a value of 50 was used for sensitivity
The IFG threshold of 100 mg/dl corresponds to an FPG specificity of 77.4%, the critical specificity for comparing the
tests.
SAGE 74.7% (95% CI 65.4–84%)
FPG 58.0%
A1C 63.8%
The SAGE had a performance advantage of 16.7% over FPG and 10.9% over A1C in terms of absolute sensitivity
and 28.8% over FPG and 17.1% over A1C in terms of relative sensitivity.
The sensitivity advantage of the noninvasive device over both blood tests for detecting diabetes and precursors was
statistically significant (P < 0.05).
FPG 77.4%

Sensitivity (%) for diagnosis of
IFG

Specificity (%) for diagnosis of
IFG
Positive and Negative-predictive
values (%) for IGT / IFG/T2DM
AuRoc Value

Reported optimal threshold
Follow up

NR
SAGE 79.7%
FPG 72.1%
A1C 79.2%
The general performance metric of area under the curve (AUC) shows a statistically significant advantage (P < 0.05)
for SAGE versus FPG testing. The AUC values for SAGE versus A1C testing were not statistically separable. The
Hoorn coefficient of variation of SAGE, quantifying the intersession reproducibility of the non-invasive instrument,
was 9.4%.
Not an outcome – a threshold of 50 was used as a critical specificity threshold
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Other properties
Cost Effectiveness
Authors conclusions

Quality Assessment
Study

Study Aim
Screening tool
Setting / Delivered by
Characteristics targeted
Population

No of Items
Time to complete
Reference standard used

Index and Comparitor tests
Sensitivity (%) for diagnosis of
IFG/IGT

Not assessed
The noninvasive technology showed clinical performance advantages over both FPG and A1C testing. The
sensitivity differential indicated that the noninvasive device is capable of identifying 28.8% more individuals in the
OGTT-defined positive screening class than FPG testing and 17.1% more than A1C testing. The combination of
higher sensitivity and greater convenience—rapid results with no fasting or blood draws—makes the device well
suited for opportunistic screening.
Author: Mohan, Vijayachandrinka, Gokulakrishnan, Anjana, Ganesan, Weber & Narayan
Year: 2010
Country: India
Study design: Diagnostic accuracy study
To determine A1C cut points for glucose intolerance in Asian Indians.
Name: A1C
Setting not reported, although data was collected as part of the CURES study – referenced.
Not reported who delivered the test.
A1C cut points to determine glucose intolerance in Indian Asians relative to fasting plasma glucose (FPG).
Sample: Participants were recruited through systematic stratified random sampling, where 46 of the 55 wards in
Chennai, India were selected for sampling, providing a total sample size of 26,001 individuals aged ≥20 years. From
this pool, every 10th participant recruited (2600) was invited for detailed testing, including an oral glucose tolerance
test (OGTT) in those without self-reported diabetes, and the response rate was 90% (2,350 of 2,600 participants). Of
the 2,350 subjects who received an OGTT, A1C was measured in 2,188 participants (response rate 93.1%).
Males: NR
Mean age: 37 ± 12 years in those with normal glucose tolerance (NGT), 43 ± 13 in those with prediabetes (IFG &
IGT) and 45 ± 11 in those with newly diagnosed diabetes (NDD)
Mean BMI: 22.6 ± 4.0 kg/m2 in those with NGT, 24.2 ± 3.5 in those with prediabetes and 24.2 ± 3.1 in those with
NDD
Waist circumference: 81.6 ± 11.4 cm in those with NGT, 86.9 ± 10.3 in those with prediabetes and 88.5 ± 9.0 in
those with NDD
Other: Among the 2,188 participants who had both OGTT and A1C tests, 1,710 (78.2%) had NGT, 258 (11.8%) had
IGT, and 220 (10.1%) had newly diagnosed diabetes (NDD).
Prevalence of pre-diabetes = 11.8% IGT
N/A
NR
OGTT measuring FPG and 2-hr postload (75-g) plasma glucose (glucose oxidase-peroxidase method).
IGT was defined as 2-h postload plasma glucose ≥140 mg/dl (7.8 mmol/l) and <200 mg/dl (11.1 mmol/l) by WHO
Criteria.
IFG was defined using ADA criteria if FPG was ≥100 mg/dl (5.5 mmol/l) and <126 mg/dl (7 mmol/l) and using WHO
criteria if FPG was ≥110 mg/dl (6.1mmol/l) and <126 mg/dl (7 mmol/l).
A1C
Receiver operating characteristic curves were plotted using sensitivity and 1 - specificity for different cut points of
A1C, taking the diagnosis of diabetes, IGT, or IFG based on various plasma glucose criteria as the gold standard.
IGT
2-hr PG ≥140 mg/dl and <200 mg/dl, A1C 5.9 ± 0.6, optimal A1C cut point 5.6 – 65.6%
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Specificity (%) for diagnosis of
IFG/IGT

Positive and Negative-predictive
values (%) for IGT / IFG/T2DM

IFG
FPG (WHO) ≥110 mg/dl and <126 mg/dl, A1C 5.7 ± 0.3, optimal A1C cut point 5.6 – 60.0%
FPG (ADA) ≥110 mg/dl and <126 mg/dl, A1C 5.8 ± 0.5, optimal A1C cut point 5.6 – 65.1%
Considerable overlap was identified among those with NGT, IGT, and diabetes with respect to the A1C levels. Using
a cut point of 5.6%, 73.6% of those with IGT and/or IFG (using WHO criteria) and 72.8% of subjects with IFG (using
ADA criteria) would be correctly identified.
IGT
2-hr PG ≥140 mg/dl and <200 mg/dl, A1C 5.9 ± 0.6, optimal A1C cut point 5.6 – 62.1%
IFG
FPG (WHO) ≥110 mg/dl and <126 mg/dl, A1C 5.7 ± 0.3, optimal A1C cut point 5.6 – 56.5%
FPG (ADA) ≥110 mg/dl and <126 mg/dl, A1C 5.8 ± 0.5, optimal A1C cut point 5.6 – 63.4%
PPVs:
IGT
2-hr PG ≥140 mg/dl and <200 mg/dl, A1C 5.9 ± 0.6, optimal A1C cut point 5.6 – 19.9
IFG
FPG (WHO) ≥110 mg/dl and <126 mg/dl, A1C 5.7 ± 0.3, optimal A1C cut point 5.6 – 0.8
FPG (ADA) ≥110 mg/dl and <126 mg/dl, A1C 5.8 ± 0.5, optimal A1C cut point 5.6 – 8.3

AuRoc Value

IGT
2-hr PG ≥140 mg/dl and <200 mg/dl, A1C 5.9 ± 0.6, optimal A1C cut point 5.6 – 0.708
IFG
FPG (WHO) ≥110 mg/dl and <126 mg/dl, A1C 5.7 ± 0.3, optimal A1C cut point 5.6 – 0.632
FPG (ADA) ≥110 mg/dl and <126 mg/dl, A1C 5.8 ± 0.5, optimal A1C cut point 5.6 – 0.708

Reported optimal threshold

A1C cut points of 5.6 for IGT (119 mg/dl [6.6 mmol/l]) and 5.6 and 5.6 respectively for two definitions of IFG (WHO
118 mg/dl and ADA 113 mg/dl) maximized the sensitivity and specificity.

Follow up
Other properties
Cost Effectiveness
Reviewer comments
Authors’ conclusions

Not assessed

Quality Assessment
Study

Study Aims

Screening tool
Setting / Delivered by

This population based data suggest that an A1C cut point of 5.6% would identify those with IGT and/or IFG with
optimal specificity and sensitivity, but the accuracy is only 69–74%.
+
ID: # 3778
Author: Mostafa
Year 2010
Country: UK
Study design: Assessment of a blood glucose indicator
To investigate the potential impact of the use of (a) HbA1c 6.0– 6.4% and (b) HbA1c 5.7–6.4% on the prevalence,
phenotype, clinical characteristics and cardiovascular disease (CVD) risk of people classified as having ‗IGR‘.
To briefly examine the impact on prevalence using the ADA definition of IFG (5.6–6.9 mmol/l).
To determine the optimal HbA1c cut-points for detecting IGR within a multi-ethnic cohort.
Name: HbA1c
Leicestershire, UK
Primary Care
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Characteristics targeted
Population

Ethnicity
Sample:.Leicester Ethnic Atherosclerosis and Diabetes Risk (LEADER) cohort
First screening programme (n = 8696 under 40 and completing OGTT)
74.7% white European
22.8% South Asian
White Europeans (5.66%, SD 0.61) had a significantly lower mean HbA1c compared to south Asians (5.86%, SD
0.62), p < 0.0001.
66.8% isolated IGT, 17.4% isolated IFG and 15.8% combined IGT/IFG
HbA1c 6.0–6.4%, identified, n = 1610 (18.5%) more cases ( 1.1-fold increase in prevalence of people classified as
having ‗IGR‘ (1.1- and 1.5-fold in white Europeans and south Asians, respectively, p < 0.0001).
75% with at least one risk factor for diabetes (n = 2413)
71.3% white European
25.9% South Asian
2.8% Other ethnicities
29 (1.3%) with IFG / IGT
Males:.47.7%
Mean age: 40 – 75 years (57.3)
Mean HbA1c = 5.71% (SD 0.61)
Second screening programme - unselected population from ADDITION (n = 6283)
73.6% white European
20.9% South Asian
5.5% Other ethnicities
216 (3.4%) with IFG / IGT
Mean BMI:
Waist circumference:
Other:

No of Items
Time to complete
Reference standard used

N/A
N/A
OGTT (75g) according to WHO 1999 criteria

Index and Comparitor tests
Sensitivity (%) for diagnosis of
IGT / IFG

HbA1c
HbA1c ≥ 6.0%
White Europeans = 39.5% (CI 36.3–42.7)
Optimal cut point HbA1c ≥5.8% = 61.5% (CI 58.2–64.4)
south Asians 63.8% (CI 58.6–68.7)
HbA1c ≥5.7%,
White Europeans 70.5% (CI 67.4–73.4%)
south Asians 85.6% (CI 81.4–88.9)

Specificity (%) for diagnosis of
IGT / IFG

HbA1c ≥ 6.0%
White Europeans 83.5% (CI 82.5–84.5)
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south Asians HbA1c ≥ 6.0% 69.4% (CI 67.1–71.6)
Optimal cut point White European HbA1c ≥5.8% =67.9% (CI 66.6–69.1)

Positive and Negative-predictive
values (%) for IGT / IFG
AuRoc Value

Reported optimal threshold

Follow up
Other properties
Cost Effectiveness
Reviewer comments

HbA1c ≥5.7%,
White Europeans 57.9% (CI 56.6–59.2);
south Asians 41.3 (CI 38.9–43.7)
White Europeans PPV 0.80; NPV 0.21
south Asians PPV 0.30; NPV 0.73
0.69 (CI 0.68–0.71) however in white Europeans and south Asians these were 0.69 (CI 0.67–0.71) and 0.72 (CI
0.69–0.75) respectively.

White Europeans HbA1c ≥ 5.8%
south Asians ≥ HbA1c ≥ 6.0%
white Europeans aged 40–59 = 5.7%
60–75 years = 5.9%
south Asians produced similar optimal HbA1c cut-points of 6.0% in each age group
NR
NR
NR

Authors conclusions

Only 477 (5.8%) people with both IGR detected on OGTT and HbA1c 6.0– 6.4%, showing a degree of discordance
between the two tests. When IGR detected on OGTT was separated into isolated IFG (n = 245), isolated IGT (n =
940) and combined IFG/IGT (n = 222), the latter category had the least proportion of people with HbA1c < 6.0%
(30.6%) but the highest proportion with (a) HbA1c 6.0–6.4% (41.4%) and (b) HbA1c ≥ 6.5% (27.9%), p < 0.000. In
contrast, individuals with isolated IGT had the highest proportion with HbA1c < 6.0% (61.5%), but the lowest
proportion with (a) HbA1c 6.0–6.4% (30.6%) and (b) HbA1c ≥ 6.5% (7.9%), p < 0.0001. Individuals with isolated IGT
also had the highest proportion with HbA1c < 5.7% (32.2%) and the lowest proportion with HbA1c 5.7–6.4%
(59.9%), p < 0.0001.
Within each IGR subtype, there were a significantly higher proportion of white Europeans with HbA1c < 6.0% (or
HbA1c < 5.7%) in comparison to south Asians; in contrast, there was a significantly lower proportion of white
Europeans with HbA1c ≥ 6.5% (all p < 0.0001, except for isolated IFG using ADA HbA1c recommended criteria: p =
0.002).
Due to the large degree of discordance in people identified between glucose testing and a single HbA1c cut-point,
an alternate method of using two HbA1c cut-points for diagnosis has been suggested. A lower cut-point would ‗rule
out‘ diabetes producing high sensitivity, while the upper cut-point would ‗rule in‘ diabetes producing high specificity;
so far HbA1c ≥5.5% and ≤ 7.0% respectively have been suggested from an Australian population
HbA1c had a sub-optimal AUC (<0.7) suggesting it is a weak tool for detecting IGR, particularly in white Europeans.

Quality Assessment

+
Author: Phillips
Year: 2009
Country: US
Study design: Evaluation
To test the hypothesis that screening could be done with a strategy similar to that used near-universally
for gestational diabetes, i.e. a 50 g oral glucose challenge test (GCT) performed at any time of day, regardless of

Study

Study Aim
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Screening tool
Setting / Delivered by

Characteristics targeted
Population

No of Items
Time to complete
Reference standard used
Index and Comparitor tests
Sensitivity (%) for diagnosis of
Pre-diabetes

Specificity (%) for diagnosis of
Pre-diabetes

meal status, with one 1 h sample.
Name: A 50 g oral glucose challenge test (GCT)
Type: 50 g glucose given at any time of day, without a prior fast, and glucose levels are measured one hour later.
At the first visit, (which did not require a prior fast), and scheduled during the work day, participants had random
plasma glucose and random capillary glucose (RCG) measured. Participants then drank 50 g oral within five
minutes, with measurement of plasma and capillary glucose after one hour.
At a second visit (average of 13 days after first visit), a 75 g OGTT was begun before 11.00 hours following an
overnight fast, with samples at baseline, one and two hours; blood was also obtained for measurement of plasma
lipids and HbA1c.
Sample: 1,573
Males 42%
Mean age 48 years (18 to 87 years range)
Mean BMI 30.3
Waist circumference:
Other:
Prevalence of pre-diabetes = 18.7% pre-diabetes

OGTT
GCT plasma; GCTcap
GCT plasma
Cut-off, 6.7 mmol/l (mg/dl) 6.7 (120) 89
Cut-off, 7.2 mmol/l (mg/dl) 7.2 (130) 83
Cut-off, 7.8 mmol/l (mg/dl) 7.8 (140) 73
Cut-off, 8.3 mmol/l (mg/dl) 8.3 (150) 59
Cut-off, 8.9 mmol/l (mg/dl) 8.9 (160) 46
Cut-off, 9.4 mmol/l (mg/dl) 9.4 (170) 35
Cut-off, 10.0 mmol/l (mg/dl) 10.0 (180) 28
Cut-off, 10.6 mmol/l (mg/dl) 10.6 (190) 19
GCTcap
Cut-off, 7.8 mmol/l (mg/dl) 7.8 (140) 87
Cut-off, 8.3 mmol/l (mg/dl) 8.3 (150) 77
Cut-off, 8.9 mmol/l (mg/dl) 8.9 (160) 67
Cut-off, 9.4 mmol/l (mg/dl) 9.4 (170) 56
Cut-off, 10.0 mmol/l (mg/dl) 10.0 (180) 45
Cut-off, 10.6 mmol/l (mg/dl) 10.6 (190) 31
Cut-off, 11.1 mmol/l (mg/dl) 11.1 (200) 21
Cut-off, 11.7 mmol/l (mg/dl) 11.7 (210) 16
GCT plasma
Cut-off, 6.7 mmol/l (mg/dl) 6.7 (120) 47
Cut-off, 7.2 mmol/l (mg/dl) 7.2 (130) 58
Cut-off, 7.8 mmol/l (mg/dl) 7.8 (140) 68
Cut-off, 8.3 mmol/l (mg/dl) 8.3 (150) 76
Cut-off,8.9 mmol/l (mg/dl) 8.9 (160) 83
Cut-off, 9.4 mmol/l (mg/dl) 9.4 (170) 87

Of the 1,573 participants 4.6% had
diabetes, 18.7% pre-diabetes and
23.3% dysglycaemia
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Positive and Negative-predictive
values (%) for Pre-diabetes

AuRoc Value
Reported optimal threshold
Follow up
Other properties

Cost Effectiveness

Cut-off, 10.0 mmol/l (mg/dl) 10.0 (180) 91
Cut-off, 10.6 mmol/l (mg/dl) 10.6 (190) 94
GCTcap
Cut-off, 7.8 mmol/l (mg/dl) 7.8 (140) 44
Cut-off,8.3 mmol/l (mg/dl) 8.3 (150) 56
Cut-off, 8.9 mmol/l (mg/dl) 8.9 (160) 65
Cut-off, 9.4 mmol/l (mg/dl) 9.4 (170) 72
Cut-off, 10.0 mmol/l (mg/dl) 10.0 (180) 80
Cut-off,10.6 mmol/l (mg/dl) 10.6 (190) 86
Cut-off, 11.1 mmol/l (mg/dl) 11.1 (200) 90
Cut-off, 11. 7 mmol/l (mg/dl) 11.7 (210) 93
GCT plasma
Cut-off, 6.7 mmol/l (mg/dl) PPV 28 NPV 95
Cut-off, 7.2 mmol/l (mg/dl) PPV 31 NPV 94
Cut-off, 7.8 mmol/l (mg/dl) PPV 34 NPV 92
Cut-off, 8.3 mmol/l (mg/dl) PPV 37 NPV 89
Cut-off, 8.9 mmol/l (mg/dl) PPV 39 NPV 87
Cut-off, 9.4 mmol/l (mg/dl) PPV 38 NPV 85
Cut-off, 10.0 mmol/l (mg/dl) PPV 42 NPV 84
Cut-off, 10.6 mmol/l (mg/dl) PPV 41 NPV 83
GCTcap
Cut-off, 7.8 mmol/l (mg/dl) PPV 26 NPV 93
Cut-off, 8.3 mmol/l (mg/dl) PPV 29 NPV 91
Cut-off, 8.9 mmol/l (mg/dl) PPV 30 NPV 89
Cut-off, 9.4 mmol/l (mg/dl) PPV 32 NPV 88
Cut-off, 10.0 mmol/l (mg/dl) PPV 34 NPV 86
Cut-off, 10.6 mmol/l (mg/dl) PPV 33 NPV 84
Cut-off, 11.1 mmol/l (mg/dl) PPV 32 NPV 83
Cut-off, 11.7 mmol/l (mg/dl) PPV 33 NPV 82
The AROCs were: 0.79 (95% CI 0.76–0.82) to identify pre-diabetes (GCTplasma); 0.73 (95% CI 0.702 – 0.763)
(GCTcap)
A relatively high-specificity GCTplasma cut-off of 7.8 mmol/l (140 mg/dl) provided good specificity, sensitivity and
NPV, with acceptable PPV.
NR
During recruitment, 4,024 individuals expressed initial interest in the study, 2,111 were scheduled for first visits
(selected largely on the basis of need to balance participant sex and race), 1,658 completed first visits, 1,581
completed the protocol and 1,573 had complete GCT and OGTT data

Using current Medicare reimbursements of US$6.64 for a gestational diabetes GCT (including 50 g glucose) and
$17.99 for the OGTT, assumed five minutes of medical assistant time would be needed ($1.13) for administration of
the glucose and expressed costs per case identified, cases being defined as diabetes and pre-diabetes. The
Center for Disease Control group projected the minimum cost of identifying a case of diabetes or pre-diabetes as
$176 (comparing RCG, HbA1c, FPG and OGTT) [42] or $172 (comparing RCG, FPG and HbA1c) [35]. However,
GCTplasma screening followed, if positive, by an OGTT would incur direct costs of only $84 per case identified; the
GCTplasma approach is both more accurate and less expensive.
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Of those expressing interest,
uptake was 52.5% (2,111/4,024)
Of those scheduled for first visit
uptake was 78.5% (1,658/2,111)
Of those completing both sessions
and having complete data, uptake
was 94.9% (1,573/1,658)
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Sensitivity (%) for diagnosis of

The study excluded participants that were too ill to attend work.
The authors concluded that widespread use of GCT screening could help improve disease management by
permitting early initiation of therapy aimed at preventing or delaying the development of diabetes and its
complications.
+
Author: Rolka, Narayan, Thompson, Goldman, Lindenmayer, Alich, Bacall, Benjamin, Lamb, Stuart & Engelgau
Year: 2001
Country: USA
Study design: Diagnostic accuracy study (risk scores)
To evaluate the performance, in settings typical of opportunistic and community screening programs, of screening
tests currently recommended by the American Diabetes Association (ADA) for detecting undiagnosed diabetes.
Name: American Diabetes Association (ADA) risk assessment questionnaire and capillary blood glucose (CBG) at
two cut points.
Health centres and community health fairs.
Not reported who delivered the test.
Delivery of a macrosomic (≥9lb) infant (in females) [scoring 1 point], having one or more siblings with diabetes [1
point], having one or more parents with diabetes [1 point], a BMI of ≥27kgm 2 [5 points], aged <65 years and little or
no physical activity in most weeks [5 points], being aged 45-64 years [5 points] or being aged ≥65 years [9 points].
Sample: 1,471 volunteers aged ≥20 years were recruited by health care systems serving communities in Springfield,
MA; Robeson County, NC; and Providence, Pawtucket, and Central Falls, RI during routine health centre visits and
at community health fairs. Those with self-reported previously diagnosed diabetes or who had been pregnant or
breastfeeding within the previous 3 months, or had been hospitalised within the previous six months were not
eligible to participate in the study. Screening tests were administered at recruitment.
Males: 30%
Mean age: 44 years
Mean BMI: 51% of participants had BMI ≥27kgm2
Waist circumference: NR
Other: A total of 52% of all participants had a positive score (≥10 points) on the ADA questionnaire; 9.5% had CBG
≥140 mg/dl, and 18.4% had CBG ≥120 mg/dl.
Prevalence of pre-diabetes = 15% IFG / IGT
7

NR
OGTT – 2-hr serum glucose (SG) concentrations analysed from 2-hr postload venous blood specimens.
IGT was defined as 2-h postload serum glucose ≥140 mg/dl and <200 mg/dl and and IFG was defined as 110–125
mg/dl.
ADA risk assessment questionnaire
Whole blood glucose level from a capillary (finger prick) sample (CBG)
To investigate how covariates may effect performance characteristics and the choice of appropriate cut points for the
CBG, multiple regression models were fit relating CBG to diabetes (FSG ≥126 mg/dl), age (<45 or ≥45 years),
postprandial time (<8or ≥8 h), sex, and race/ethnicity (Hispanic, non-Hispanic white, or African-American). We also
computed the sensitivity and specificity of the four screening tests for FSG ≥126 mg/dl separately by sex and
race/ethnicity.
Dysglycemia (IFG/IGT)
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IFG/IGT

Specificity (%) for diagnosis of
IFG/IGT

ADA questionnaire
FSG ≥126 mg/dl – 72% (69-75)
2-hr SG ≥200 mg/dl 78% (73-84)
FSG ≥126 mg/dl or 2-hr SG ≥200 mg/dl 75% (72-79)
CBG ≥140 mg/dl
FSG ≥126 mg/dl – 41% (39-43)
2-hr SG ≥200 mg/dl 33% (31-35)
FSG ≥126 mg/dl or 2-hr SG ≥200 mg/dl 28% (27-29)
CBG ≥120 mg/dl
FSG ≥126 mg/dl – 62% (57-66)
2-hr SG ≥200 mg/dl 48% (45-50)
FSG ≥126 mg/dl or 2-hr SG ≥200 mg/dl 44% (41-47)
ADA questionnaire and CBG ≥120 mg/dl
FSG ≥126 mg/dl – 45% (42-48)
2-hr SG ≥200 mg/dl 36% (34-39)
FSG ≥126 mg/dl or 2-hr SG ≥200 mg/dl 32% (30-34)
The ADA questionnaire was moderately sensitive (69–78%) for all diagnostic criteria for diabetes and dysglycemia;
however, its specificity did not exceed 54%. The cut point of 140 mg/dl for CBG was quite specific (95–97%) for all of
the diagnostic criteria but only 56–65% sensitive for diabetes and 28–41% sensitive for dysglycemia. Empirical
receiver operating characteristic curves suggest that a CBG cut point of 120 mg/dl may yield a good balance of
sensitivity and specificity. Indeed, this test was 75–84% sensitive for diabetes, 44–62% sensitive for dysglycemia
and 86–90% specific for all of the diagnostic criteria.
Among study participants who had not eaten for ≥8 h (37% of all participants), CBG ≥110 mg/dl was 82–95%
sensitive and 86–89% specific for diabetes and 51–80% sensitive and 89–94% specific for dysglycemia.
Cut points for the CBG test that were optimal (maximizing the sum of sensitivity and specificity) tended to be lower
for younger participants and those with longer postprandial times and higher for men. CBG performed somewhat
better (larger areas under the curves) for men than for women and for participants with postprandial time ≥8 h than
for those with postprandial time <8 h. The sensitivities and specificities of the four screening tests varied little by
race or ethnicity, and we did not find substantial racial or ethnic differences in the performance of CBG for diabetes
(FSG ≥126 mg/dl) after controlling for age, postprandial time, and sex.
Dysglycemia (IFG/IGT)
ADA questionnaire
FSG ≥126 mg/dl – 51% (20-52)
2-hr SG ≥200 mg/dl 53% (52-54)
FSG ≥126 mg/dl or 2-hr SG ≥200 mg/dl 54% (53-55)
CBG ≥140 mg/dl
FSG ≥126 mg/dl – 97% (96-97)
2-hr SG ≥200 mg/dl 96% (96-97)
FSG ≥126 mg/dl or 2-hr SG ≥200 mg/dl 97% (97-97)
CBG ≥120 mg/dl
FSG ≥126 mg/dl – 90% (89-91)
2-hr SG ≥200 mg/dl 89% (88-90)
FSG ≥126 mg/dl or 2-hr SG ≥200 mg/dl 90% (90-91)
ADA questionnaire and CBG ≥120 mg/dl
FSG ≥126 mg/dl – 95% (94-95)
2-hr SG ≥200 mg/dl 94% (94-95)
FSG ≥126 mg/dl or 2-hr SG ≥200 mg/dl 95% (95-96)
Detail above also covers specificity
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NR
NR (represented diagrammatically but specific values not reported)
The combination of a positive ADA questionnaire and CBG ≥120 mg/dl was less sensitive and more specific than
either the questionnaire or CBG ≥120 mg/dl alone. A positive score on the ADA questionnaire was a total of ≥10
points.
NR
NR
Not assessed
Low specificity may limit the usefulness of the ADA questionnaire. Lowering the cut point for a casual CBG test (e.g.,
to 120 mg/dl) may improve sensitivity and still provide adequate specificity.
+
Author: Rush
Year: 2008
Country: New Zealand
Study design: Evaluation
To determine the utility of finger-prick point-of-care testing (POCT) of blood glucose for the detection of
dysglycaemia.
Name: Finger--prick point-of-care testing (POCT)
Type: The finger was cleaned and warmed and a blood droplet obtained using a Softclix Pro disposable lancet. An
Accu-chek Advantage meter and strips (Roche Diagnostics, Mt Wellington, New Zealand) was used for glucose
measurement.
At a screening venue (not specified)
None specified
Sample: 3,225 Self-identified Maori aged ≥28 years
Males
Mean age
Mean BMI
Waist circumference:
Other:
Self-identified Maori aged ≥ 28 years on 30 September 2004, without known diabetes, members of households with
at least one Maori resident, Maori with past gestational diabetes mellitus or with two parents with known diabetes,
were also considered eligible. Those terminally ill, unfit to sign a consent form or with known diabetes were
excluded.

4/6

Participants were recruited from
the 5,309 enrolled in the Te Wai o
Rona Diabetes Prevention
Strategy, a randomised
cluster controlled trial of intensive
lifestyle change,
Population characteristics not
entered due to inconsistencies in
numbers in table

Prevalence of pre-diabetes = 3.6% IFG; 9.3% IGT; 26.1% IGT and IFG
N/A
N/A
Glucose was measured using the Hitachi 911 (Hitachi Limited, Tokyo, Japan).
Venous blood sampling and laboratory analysis in screening for and diagnosing diabetes, impaired glucose
tolerance (IGT) and impaired fasting glucose (IFG)
0.44 (0.65, 0.68)
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Fasting venous glucose ≥ 6.1 mol/l
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0.94 (0.93–0.94)
Not reported
For any dysglycaemia was 0.76 (95% CI 0.74–0.79) for the POCT glucose and 0.866 (95% CI 0.85–0.89) for venous
laboratory glucose.
The optimal screening criteria for IGT and diabetes (where sensitivity equalled specificity) was at 5.4 mmol/l using
POCT (68% sensitivity/specificity) and 5.4 mmol/l using venous glucose (77% sensitivity/specificity).
NR
Authors identified one possible barrier in that asking people to report to a screening site, to fast in the morning and
then to wait for two hours after drinking the oral glucose would increase participant burden.
The identified benefit was that finger-prick samples are relatively easy in collection compared with venous samples,
particularly in the obese.
Individual variation in terms of time and physiology affecting blood glucose. Variation in instrument precision.
Differences between plasma and blood glucose make comparisons difficult.
Data not clearly reported
The authors believed that screening using POCT and then applying a diagnostic test is unlikely to save time and
money and that POCT for the diagnosis of both diabetes and pre-diabetes is too inferior to standard laboratory
measures to be recommended for use.
Author: Saaristo
Year: 2005
Country: Finland
Study design: Evaluation of Risk Score tool
To assess the performance of the Finnish Diabetes Risk Score as a screening tool for undetected type 2 diabetes
(T2D), abnormal glucose tolerance (AGT) and metabolic syndrome in the general population.

Screening tool

Name: Finnish Diabetes Risk Score (FINDRISC)
Type: A simple risk calculator that can be conveniently used in primary care and also by individuals themselves.

Setting / Delivered by

Primary care
Practitioner or self-administration
Age, BMI, waist circumference, physical activity, daily consumption of fruits, berries or vegetables, history of
antihypertensive drug treatment, history of high blood glucose, and family history of diabetes.
Sample: 4,622 subjects were invited to a screening visit that included an OGTT and completion of the FINDRISC
form. Of these subjects, data on glucose tolerance status were obtained for 3,092 (67%) people without a prior
history of diabetes. 2,640 (85%) completed the FINDRISC form.
Males 1349
Mean age Men 57.7 (7.5) Women 56.7 (7.6)
Mean BMI Men 27.7 (3.8) Women 27.6 (4.9)
Waist circumference: Men 97.9 (10.7) Women 86.7 (12.2)
Other: In men with risk score > 15, the prevalence of SDM was 30%.In women, the corresponding prevalence was
16%
Prevalence of pre-diabetes = 50.6% men; 33.3% women, AGT

Characteristics targeted
Population

No of Items

One-page questionnaire containing eight questions, with categorised answers weighted, corresponding to the risk
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The analysis is limited by the fact
that the testing was only
undertaken once.

People who had either SDM,
impaired fasting glucose (IFG,
fasting plasma glucose > 6.1 and <
7.0 mmol/L) or impaired glucose
tolerance (IGT; two-hour plasma
glucose > 7.8 and < 11.1 mmol/L)
were classified as having abnormal
glucose tolerance (AGT). Body
mass index (BMI) was calculated
as weight (kg) divided by height2
(m2).
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increase associated with the respective variable in the original model. The total risk score is a simple sum of the
individual weights, and values range from 0 to 26.
NR
OGTT was carried out according to World Health Organization (WHO) recommendations
N/A
Cutoff value=11
Men 45.6 (41.7 – 49.5) Women 53.4 (49.1 – 57.7)
Cutoff value=13
Men 27.8 (24.4 – 31.3) Women 39.4 (35.3 – 43.6)
Cutoff value=15
Men 16.9 (14.0 – 19.8) Women 26.7 (22.9–30.4)
Cutoff value=11
Men 24.6 (21.3 – 27.9) Women 34.2 (31.3 – 37.1)
Cutoff value=13
Men 13.4 (10.8 – 16.0) Women 19.9 (17.4 – 22.4)
Cutoff value=15
Men 6.6 (4.7 – 8.6) Women 11.9 (9.9 – 14.0)
Cutoff value=11
Men PPV 65.9 (61.5 – 70.4) NPV 57.7 (54.4 – 61.0)
Women PPV 45.2 (41.3 – 49.1) NPV 72.4 (69.6 – 75.3)
Cutoff value=13
Men PPV 69.7 (63.9 – 75.5) NPV 54.4 (51.4 – 57.4)
Women PPV 52.1 (47.0 – 57.3) NPV 71.4 (68.8 – 74.0)
Cutoff value=15
Men PPV 74.2(67.0 – 81.4) NPV 52.8 (49.9 – 55.6)
Women PPV 57.3 (50.7 – 63.8) NPV 69.7 (67.2 – 72.1)
(IFG/IGT) = 0.65 in men and 0.66 in women
Cutoff value=11
Two cutoff values of the FINDRISC are being used in the programme, followed by different intervention strategies:
subjects with score values in the range 7–14 are offered written information about healthy lifestyle, whereas subjects
scoring 15 or above are candidates for further testing for a possible glucose abnormality and are referred for more
intensive interventions.
NR
NR
The study shows that, depending on the cutoff point chosen, the FINDRISC recognises undetected diabetes and
glucose abnormalities fairly well, and there is marked association between the score and several CVD risk factors.
Both IGT and the metabolic syndrome are independently associated with future risk of T2D. The ability of the
FINDRISC to identify the metabolic syndrome, as defined by the NCEP criteria, was in fact as good as its ability to
identify undetected T2D. Waist circumference is probably not commonly recognised by the general public as a risk
factor for T2D. In clinical practice, therefore, it is recommended that the answers should be checked by a nurse or a
physician.
++
Author: Saydah
Year: 2002
Country: US
Study design: Observational analysis
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Study Aim

To determine the feasibility of using FPG or HbA1c to identify individuals in US population who meet the DPP criteria
for intervention (BMI ≥ 24, FPG 96-125mg/dl, and 2h glucose level 140-199 mg/dl in an OGTT.

Screening tool

Name: HbA1c and FPG

Setting / Delivered by

General Practice

Characteristics targeted
Population

BMI, age, ethnicity

No of Items
Time to complete
Reference standard used
Index and Comparitor tests
Sensitivity (%) for diagnosis of
IGT / IFG

Specificity (%) for diagnosis of
IGT / IFG

Based on NHANES III, 27.2% of
the U.S. population aged 40–74
years with no medical history of
diabetes had BMI ≥24 kg/m2 and
72.8% had BMI ≥24 kg/m2

Sample: n =2,844
Males:
Mean age: 40–74 years
Mean BMI:
Waist circumference:
Other:
Of those with BMI≥24 kg/m2, 6.2% had a FPG level ≥126 mg/dl and would be classified as having newly diagnosed
diabetes. 34.9% had FPG level <96 mg/dl and would not meet the DPP eligibility criteria for intervention.
The remainder (58.9%) had FPG level 96 –125 mg/dl; 69.6% of these had 2-h plasma glucose level <140 mg/dl
(normal glucose tolerance), 24.8% had 2-h glucose level 140–199 mg/dl (impaired glucose tolerance), and 5.6% had
2-h glucose level ≥200 mg/dl (newly diagnosed diabetes).
Prevalence of pre-diabetes = 24.8% IGT
N/A
N/A
OGTT
FPG and HbA1c
FPG
Cut off ≥100 (66.2% distribution) 76.5% (± 3.5)
Cut off ≥105 (37.5% dis) 56.0 % (± 5.1)
Cut off ≥110 (20.7% dis) 34.9% (± 4.5)
Cut off ≥115 (10.2% dis) 19.9% (± 3.6 )
Cut off ≥120 (4.5% dis) 7.5% (± 2.7)
HbA1c (%)
Cut off ≥4.5 (97.7% dis) 98.0% (± 1.2)
Cut off ≥5.0 (80.2% dis) 90.2% (± 2.3)
Cut off ≥5.5 (38.3% dis) 60.0% (± 3.4)
Cut off ≥6.0 (8.2% dis) 16.7% (± 2.4)
Cut off ≥6.5 (0.9% dis) 1.6% (± 0.5)
FPG
Cut off ≥100 37.9% (± 2.8)
Cut off ≥105 72.0% (± 1.9)
Cut off ≥110 86.9% (± 1.5)
Cut off ≥115 95.4 % (±1.0)

For identifying individuals who
have a 2-h glucose of 140–199
mg/dl among U.S. adults aged 40–
74 years with BMI>24 kg/m2 and a
fasting glucose of 96–125 mg/dl,
according to fasting plasma
glucose and HbA1c cut points
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Cut off ≥120 97.4% (± 0.9)
HbA1c (%)
Cut off ≥4.5 1.8% (± 0.9)
Cut off ≥5.0 17.2% (± 2.4)
Cut off ≥5.5 55.0% (± 4.3)
Cut off ≥6.0 92.9 (±1.3)
Cut off ≥6.5 99.3% (± 0.4)

Positive and Negative-predictive
values (%) for IGT / IFG

FPG
Cut off ≥100 17.9% (± 2.9) Likelihood ratio 1.23
Cut off ≥105 17.1% (±2.9) LR 2.00
Cut off ≥110 31.4% (±4.7) LR 2.66
Cut off ≥115 33.9% (± 6.5) LR 4.33
Cut off ≥120 54.3% (± 7.6) LR 2.88
HbA1c (%)
Cut off ≥4.5 24.2% (± 18.9) LR 1.00
Cut off ≥5.0 14.9% (±4.5) LR 1.09
Cut off ≥5.5 21.4% (±2.2) LR 1.33
Cut off ≥6.0 27.6% (±4.4) LR 2.35
Cut off ≥6.5 39.8% (± 5.3) LR 2.29

AuRoc Value

FPG 0.665 (95% CI 0.630 – 0.700)
HbA1c 0.593 (0.557 – 0.629)
FPG Cut off ≥ 105 mg/dl; HbA1c cut off ≥5.5%
NR
N/A
NR
At fasting glucose level ≥105 mg/dl, which included 37.5% of participants, the sensitivity of fasting glucose to identify
the individuals with 2-h glucose of 140– 199 mg/dl was 56.0%, the specificity was 72.0%, and the PPV was 17.1%.
Similarly, at HbA1c ≥5.5%, which included 38.3% of participants, the sensitivity of HbA1c to identify the individuals
with 2-h glucose level 140–199 mg/dl was 60.0%, the specificity was 55.0%, and the PPV was 21.4%. Requiring
either fasting glucose level ≥105 mg/dl or HbA1c ≥5.5% increased the sensitivity to 82.6% but decreased the
specificity to 42.3% and did not substantially change the PPV (31.3%). Using a higher fasting glucose cut point of
≥110 mg/dl decreased the sensitivity further, increased the specificity, and did not substantially change the PPV.
Similarly, using a higher HbA1c cut point of ≥6.0% also decreased the sensitivity, increased the specificity, and did
not substantially change the PPV. For those aged 60–74 years, sensitivity, specificity, and PPV for fasting glucose
and HbA1c were somewhat better than for those aged 40–59 years, but the differences were not substantial. The
effect of race was minor for fasting plasma glucose but, for HbA1c, non-Hispanic whites had lower sensitivity and
higher specificity than all others.
The DPP recruited participants at high risk for developing diabetes based on BMI, fasting plasma glucose level, and
response to an OGTT. To determine those who might be eligible for a DPP intervention in the general U.S.
population to reduce their risk of developing diabetes, measurement of height and weight could immediately
eliminate from further testing the 27.2% of individuals with BMI ≥24 kg/m2. Measurement of fasting plasma glucose
in those with BMI ≥24 kg/m2 would eliminate 41.1% of this group who are below or above the DPP fasting plasma
glucose criteria. For the remaining 41 million individuals with BMI ≥24 kg/m2 and fasting plasma glucose level 96–
125 mg/dl, setting the fasting glucose cut off value at ≥105 mg/dl would eliminate 62.5% from further testing by the
OGTT while including fully 56.0% of those with 2-h glucose level 140–199 mg/ dl. Thus, for the 95 million people
aged 40–74 years without diagnosed diabetes, 15 million would have to undergo an OGTT by this scheme. A similar

Reported optimal threshold
Follow up
Other properties
Cost Effectiveness
Authors conclusions
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Quality Assessment
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procedure could be followed using HbA1c ≥5.5%, which does not require an individual to be fasting and can be
measured in a blood sample collected without regard to time of the prior meal. If HbA1c is used, the method for
measuring HbA1c would have to be standardized to the Diabetes Control and Complications (DCCT) method.
The prevalence of diabetes and abnormal glucose tolerance increases with increasing age and BMI and is higher in
those of minority race/ethnicity. The DPP lifestyle intervention for reducing the incidence of diabetes was almost
equally effective in each gender, BMI, and race/ethnicity group and showed the greatest reduction in incidence of
diabetes for individuals aged ≥60 years.
Overall, the fasting glucose cut off level proposed seems to be a balance between sensitivity and specificity with 2:1
odds of identifying an individual with 2-h glucose between 140 and 199 mg/dl. Neither fasting plasma glucose nor
HbA1c alone are ideal screening tests.
Limitations: Only have results on adults aged 40-74 years.
+
Author: Schwarz,
Year: 2009
Country: Germany
Study design: Cohort

Study Aim

To evaluate the usefulness of the FINDRISC to predict insulin resistance in a population at increased
diabetes risk.

Screening tool

Name: Finnish Diabetes Risk Score (FINDRISC)
Type: Questionnaire adapted for German population used in survey.

Setting / Delivered by

Community

Characteristics targeted

Age, body mass index (BMI), waist circumference, physical activity, diet, use of antihypertensive medication, history
of high blood glucose, and family history of diabetes.
Sample: Two different samples were analyzed. The first sample (n=771) drawn in 1996 consisted of 921 subjects
with a family history of metabolic syndrome. The second sample (n=526) drawn in 1997 was used for validation
purposes and consisted of 735 subjects from German families with a family history of type 2 diabetes or related
insulin resistance disorders such as obesity or dyslipidemia.
Males / Females 1996 : 326/445 Males / Females 1997: 256/270
Mean age 1996:43 (30 –57) Mean age 1997: 59 (51– 63)
Mean BMI 1996:25 (22–28) Mean BMI 1997: 26 (24 –28)
Waist circumference: NR
Other:
Individuals with IGT and/or IFG were analyzed as a combined glucose intolerance group.
NGT/IFG-IGT/T2D 1996: 417/287/67
NGT/IFG-IGT/T2D 1997:159/306/61
Mean HBA1c 1996: 5.2 (4.9 –5.5) Mean FPG 1997: 5.6 (5.3– 6.0)
Mean FPG 1996: 5.38 (4.99 –5.85) Mean FPG 1997: 5.84 (5.48–6.39)

Population

The mean FINDRISC total score of the 1996 survey was 9.33 (SD 5.92); score range 1-23
In the1997 baseline survey, the mean FINDRISC was 7.27 (SD 4.45). The total score ranged from one to 17.

No of Items

Prevalence of pre-diabetes = 24.8% IGT
The FINDRISC comprises eight items as above. In the current study, a modified and validated German version of
the questionnaire was applied. In this shortened version, the variables diet and physical activity were omitted
because both items did not add much power for the prediction of diabetes risk in previous studies. Thus, the
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Time to complete

maximal achievable score of the modified questionnaire is 23.
NR

Reference standard used

75-g oral glucose tolerance test (OGTT)

Index and Comparitor tests

Each participant completed the FINDRISC questionnaire, a physical examination, blood samples for measurement
of glucose, insulin, proinsulin C peptide, and free fatty acids (FFAs). the subjects were categorized as having either
normal glucose tolerance (NGT), impaired glucose tolerance (IGT), including those with impaired fasting glucose
(IFG) and type 2 diabetes mellitus according to the World Health Organization/American Diabetes Association
criteria of 1997/1999.
1996 Survey: 77.5% at cut off 12.
1997 Survey: 72.7% at cut off 9.
1996 Survey: 67.9% at cut off 12
1997 Survey: 68.2% at cut off 9.
1996 Survey: PPV 19.7% NPV 96.8%,
1997 Survey: PPV 29.4% NPV 88.1%,
AUC values were 0.78 (1996) and 0.74 (1997 baseline).
The optimal cut points were 12 in 1996 and 9 in 1997.
A follow-up examination was performed 3 yr after the initial survey. Subjects with follow-up examination were also
defined according to the evolution of their diabetic status as unchanged, progression, or regression.
NA
NR
Subjects with the highest FINDRISC value had the highest proportion of individuals with diabetes at baseline, and
the largest proportion of them remained diabetic during the follow-up, whereas those with a low FINDRISC value
comprised the highest proportion of individuals remaining NGT. The FINDRISC is significantly associated with
markers of insulin resistance and with disease evolution. Because insulin resistance always precedes IGT (7), the
FINDRISC may be a useful instrument to identify people at the earliest stage of disease development. The most
relevant application field of FINDRISC is on the primary care level, where population-based screening strategies are
needed and widely implemented. The use by primary care physicians or other health care professionals would
facilitate the detection of high-risk subjects and the institution of early preventive measures.
Limitations:
1) It may be argued that analysis of only six risk items in the FINDRISC questionnaire is not reliable because
the two excluded variables, diet and physical activity, have an evidenced impact on diabetes development.
It could be shown in two independent studies using the FINDRISC that these two items did not add much
power to the prediction of diabetes risk. Other studies also reported similar observations.
2) All subjects of the two cohorts had high risks for type 2 diabetes mellitus, thus, the selection bias may lead
to an underestimation of associations. The mean BMI showed that the 1996 and 1997-baseline samples
were ―overweight,‖ corresponding to 25 (22–28) and 26 kg/m2 (24–28), respectively. The benefits of
completing a questionnaire compared with a single BMI measure is a possible increase in awareness
regarding individual risk factors. Therefore, it is necessary to validate the association of FINDRISC and
insulin resistance in a randomized study and also in other populations.
+
Author: Simmons, Thompson and Engelgau
Year: 2004
Country: New Zealand
Study design: Diagnostic accuracy study (risk scores)
Name: Risk factor screening, HbA1c and random glucose (compared with fasting glucose)

Sensitivity (%) for diagnosis of IGT /
IFG
Specificity (%) for diagnosis of IGT /
IFG
Positive and Negative-predictive
values (%) for IGT / IFG
AuRoc Value
Reported optimal threshold
Follow up
Other properties
Cost Effectiveness
Authors conclusions

Quality Assessment

Study

Screening tool

173

4/6

Preventing progression of pre-diabetes to type 2 diabetes in adults

Setting / Delivered by
Characteristics targeted
Population

Setting was not reported.
Not reported who delivered the test.
Risk factor screening: family history of diabetes, known hypertension, past gestational diabetes mellitus, BMI (from
measured weight and height).
Sample: European, Maori and Pacific Islands residents of inner urban South Auckland were randomly selected for
invitation to participate in the study from a prior household census. The target sample size was 450 aged 40–59
years, and 150 aged 60–79 years for each ethnic group. A stratified sampling frame was used, randomly selecting
households within each age and ethnic group using SPSS for Windows. Of the 1928 individuals aged 40–59 years
and 809 aged 60–79 years invited to participate, 1321 (68.5%) and 578 (71.4%) were screened for diabetes. This
included 658 Europeans, 485 Maori and 726 Pacific Islands people. Overall, 534 (67.9% of 786 invited) attended the
OGTT.
Males: 40.2% of those with new diabetes, 49.2% of those with IGT/IFG and 43.3% of those with normal GT or no
OGTT
Mean age: 55 ± 9 in those with new diabetes, 56 ± 10 in those with IGT/IFG and 54 ± 10 in those with normal GT or
no OGTT
Mean BMI: 31.5 ± 6.6 kg/m2, 36.8 ± 7.7 and 36.8 ± 6.9 in European, Maori and Pacific Islands people with new
diabetes respectively, 29.7 ± 5.6, 33.8 ± 7.8 and 37.6 ± 8.4 in European, Maori and Pacific Islands people with
IGT/IFG respectively and 27.8 ± 5.6, 32.4 ± 6.4 and 33.9 ± 7.0 in European, Maori and Pacific Islands people with
normal glucose tolerance or no OGTT respectively
Waist circumference: NR
Other: A total of 52% of all participants had a positive score (≥10 points) on the ADA questionnaire; 9.5% had CBG
≥140 mg/dl, and 18.4% had CBG ≥120 mg/dl.
Prevalence of pre-diabetes = 20% IFG / IGT

No of Items
Time to complete
Reference standard used

3 (treated for hypertension; obesity [BMI ≥30 kg/m2]; first-degree relative with diabetes)
NR
OGTT – fasting and 2-hr post glucose (75-g) challenge glucose

Index and Comparitor tests

Risk factor screening
Random blood glucose
HbA1c

Sensitivity (%) for diagnosis of
IFG/IGT

ROCs were calculated using sensitivity and 1-specificity (in %) using weighted and unweighted data. Area under the
curve (AUC) was calculated using the SPSS ROC Curve function for the continuous variables (e.g. HbA1c). An AUC
of < 0.50 is considered worthless, 0.60–0.69 poor, 0.70–0.79 fair, 0.80–0.89 good and 0.90–1 excellent. Optimal test
characteristics were considered to exist where sensitivity was equivalent to specificity. Comparison of the AUCs
adjusting for correlation of the different measures was made using ROCKIT which creates a Z statistic. Adjustment
for the six comparisons was made using the Bonferroni correction (making P < 0.0083 significant).
IGT/IFG
Strategy 1: screen with random glucose and OGTT if ≥ 5.6 mmol/l 66.3%
Strategy 2: screen with HbA1c and OGTT if ≥ 5.3% 50.9%
Strategy 3: screen with fasting glucose and OGTT if ≥ 5.5 mmol/l 66.3%
Strategy 4: OGTT if any of the 3 risk factors 71.6%
Strategy 5: Those with any of the 3 risk factors screened as in strategy 1 (random glucose) 52.0%
Strategy 6: Those with any of 3 risk factors screened as in strategy 2 (HbA1c) 44.2%
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Strategy 7: Those with any of 3 risk factors screened as in strategy 3 (fasting blood glucose) 60.8%
Seven different screening strategies were employed:
Single blood test (immediate random glucose, fasting glucose and HbA1c) followed by OGTT (strategies 1–3)
Straight to OGTT if any of the three risk factors are present (strategy 4)
Risk factor screening, followed by single blood test, followed by OGTT (strategies 5–7).

Specificity (%) for diagnosis of
IFG/IGT
Positive and Negative-predictive
values (%) for IGT / IFG/T2DM
AuRoc Value
Reported optimal threshold

Follow up
Other properties
Cost Effectiveness
Authors’ conclusions
Quality Assessment
Study

Study Aim

Risk factor screening was associated with approximately 9–12% less OGTTs. Screening with a fasting glucose with
a threshold for OGTT of 5.5 mmol/l had substantially superior sensitivity to any other approach. Overall, 17% of
participants had a fasting glucose of ≥7.0 mmol/l and would probably not have needed an OGTT, although a second
test would still have been required for a clinical diagnosis. Screening using HbA1c with a threshold of 5.3% was also
consistently superior to risk factor screening. Use of random glucose testing was inferior to risk factor screening
when followed by fasting glucose testing. Screening only those with risk factors would have missed 4/22 (18%) of all
participants and 1/3 of Europeans with an HbA1c of ≥8.0%.
Reported but combined for IGT, IFG & diabetes – not reported separately for prediabetes
PPV reported but combined for IGT, IFG & diabetes – not reported separately for prediabetes
Reported but combined for IGT, IFG & diabetes
Screening with a fasting glucose with a threshold for OGTT of 5.5 mmol/l had substantially superior sensitivity to any
other approach. Screening using HbA1c with a threshold of 5.3% was also consistently superior to risk factor
screening. Use of random glucose testing was inferior to risk factor screening when followed by fasting glucose
testing. Screening only those with risk factors would have missed 4/22 (18%) of all participants and 1/3 of
Europeans with an HbA1c of ≥8.0%.
NR
NR
Not assessed
Using risk factors for the identification of who should receive a blood test for dysglycaemia adds little to direct
screening with the risk of missing some with significant hyperglycaemia. Screening for dysglycaemia may best be
undertaken using blood tests without initial risk factor symptom screening.
+
Author: Somannavar, Ganesan, Deepa, Datta & Mohan
Year: 2009
Country: India
Study design: Diagnostic accuracy study
To determine random capillary blood glucose (RCBG) cut points that discriminate diabetic and pre-diabetic subjects
from normal individuals.

Screening tool

Name: Random capillary blood glucose (RCBG)

Setting / Delivered by

Opportunistic diabetes screening camps
Not reported who delivered the test, although detailed methodology is reported in another paper.
OGTT was performed in Dr. Mohan‘s Diabetes Specialities Centre, a tertiary referral centre for diabetes care
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Detail reported in:
Narayanan V, Rema M, Mohan V:
Prevention Awareness Counselling
and Evaluation (PACE) Diabetes
Project: a mega multi-pronged
program for diabetes awareness
and prevention in South India
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(PACE-5). J Assoc Physicians
India 56:429– 435, 2008

Characteristics targeted
Population

No of Items
Time to complete
Reference standard used
Index and Comparitor tests

Sensitivity (%) for diagnosis of
IFG/IGT

Specificity (%) for diagnosis of
IFG

Positive and Negative-predictive
values (%) for IGT / IFG/T2DM

AuRoc Value

RCBG cut points that discriminate diabetes, impaired glucose tolerance (IGT), and impaired fasting glucose (IFG)
were determined using receiver operating characteristic curves, in comparison with venous plasma glucose OGTT
Sample: Participants were recruited through opportunistic diabetes screening camps in Chennai, India, as part of
the Prevention Awareness Counselling and Evaluation (PACE) Diabetes Project. Of the 103,878 people who
attended, 73.8% (76,645) underwent an RCBG test. Those self-reporting diabetes were excluded (n=13,340), and
from the remaining 63,305, 1500 were randomly selected to attend for an OGTT, of which 1333 (88.9%) responded.
Males: 45.2%
Mean age: 45.5 ± 10.7 years
Mean BMI: 24.8 ± 4.0 kg/m2
Waist circumference: NR
Other: 27.2% (n=363) had RCBG <100 mg/dl (5.6 mmol/l), 65.9% (n=878) had RCBG in the range of 100–200
mg/dl (5.6 –11.1 mmol/l), and 6.9% (n=92) had RCBG >200 mg/dl (11.1 mmol/l).
Prevalence of pre-diabetes = 28.1% IGT; 28.9% IFG
N/A
NR
FPG assessed by 2-hour venous plasma glucose OGTT.
RCBG.
Receiver operating characteristic curves were plotted using sensitivity and 1-specificity for different cutoff values of
RCBG. Comparison of sensitivity with specificity was made over the entire range of RCBG cut points, and areas
under the curve were plotted.
IGT
2-hr PG ≥140 mg/dl and <200 mg/dl, RCBG 168.4 ± 62.6 mg/dl, RCBG cut point 119 – 64.7%
IFG
FPG (WHO) ≥110 mg/dl and <126 mg/dl, RCBG 165.0 ± 63.1, RCB cut point 118 – 62.8%
FPG (ADA) ≥110 mg/dl and <126 mg/dl, RCBG 146.9 ± 57.1, RCBG cut point 113 – 62.8%
For IGT, the RCBG cut point was 119 mg/dl (6.6 mmol/l). Using the IFG (WHO) criterion of FPG ≥110 (6.1 mmol/l)
and <126 mg/dl (7.0 mmol/l), the RCBG cut point was 118 mg/dl (6.6 mmol/l), while for the IFG (ADA) criterion of
FPG≥100 mg/dl (5.6 mmol/l) and <126 mg/dl (7.0 mmol/l), the RCBG cut point was 113 mg/dl (6.3 mmol/l).
IGT
2-hr PG ≥140 mg/dl and <200 mg/dl, RCBG 168.4 ± 62.6 mg/dl, RCBG cut point 119 – 65.5%
IFG
FPG (WHO) ≥110 mg/dl and <126 mg/dl, RCBG 165.0 ± 63.1, RCBG cut point 118 – 62.9%
FPG (ADA) ≥110 mg/dl and <126 mg/dl, RCBG 146.9 ± 57.1, RCBG cut point 113 – 58.6%
PPVs:
IGT
2-hr PG ≥140 mg/dl and <200 mg/dl, RCBG 168.4 ± 62.6 mg/dl, RCBG cut point 119 – 27.2
IFG
FPG (WHO) ≥110 mg/dl and <126 mg/dl, RCBG 165.0 ± 63.1, RCBG cut point 118 – 25.4
FPG (ADA) ≥110 mg/dl and <126 mg/dl, RCBG 146.9 ± 57.1, RCBG cut point 113 – 46.9
IGT
2-hr PG ≥140 mg/dl and <200 mg/dl, RCBG 168.4 ± 62.6 mg/dl, RCBG cut point 119 – 0.715
IFG
FPG (WHO) ≥110 mg/dl and <126 mg/dl, RCBG 165.0 ± 63.1, RCB cut point 118 – 0.683
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Reported optimal threshold
Follow up
Other properties
Cost Effectiveness
Authors’ conclusions

Quality Assessment
Study

Study Aim
Screening tool

FPG (ADA) ≥110 mg/dl and <126 mg/dl, RCBG 146.9 ± 57.1, RCBG cut point 113 – 0.619
RCPG cut points for IGT (119 mg/dl [6.6 mmol/l]) and two definitions of IFG (WHO 118 mg/dl and ADA 113 mg/dl)
maximized the sensitivity and specificity.
NR
NR
NR
Based on the findings, in opportunistic screening studies in Asian Indians, all those with RCBG values >110 mg/dl
(6.1 mmol/l) should receive more definitive tests for diabetes and pre-diabetes. This could not only help limit the
number of individuals who must arrive for screening in a fasting state but also reduce the costs of screening, as only
60% of those screened would have RCBG >110 mg/dl.
+
Author: Thomas
Year: 2006
Country:
Study design: Diagnostic accuracy study
To assess the ability of the CRS to predict glycosylated haemoglobin (HbA1c) levels and determined whether the
RS was better than body mass index (BMI) at predictingHbA1c levels in midlife.
Name: Cambridge Risk Score was compared to body mass index (BMI) to determine which was better at predicting
HbA1c levels in midlife.

Setting / Delivered by
Characteristics targeted
Population

No of Items
Time to complete
Reference standard used
Index and Comparitor tests
Sensitivity (%) for diagnosis of
IGT / IFG/T2DM

Specificity (%) for diagnosis of

Cambridge Risk Score and BMI
Sample: Subjects from the 1958 Birth Cohort who participated in the biomedical survey when aged 45. of 9337 who
did participate, 7492 subjects without known diabetes were included in the study
Males:
Mean age:
Mean BMI:
Waist circumference:
Other:
Prevalence of pre-diabetes = 3.1% at HbA1c ≥ 6 mmol/l
Cambridge Risk Score:
Age (years), sex, BMI (4 categories), prescribed antihypertensives or steroids, diabetes family history (parents or
siblings*), smoking (nonsmoker, ex-smoker, or current smoker)
NR
HbA1c
CRS
HbA1c levels ≥6%
Cambridge Risk Score 78.2 %(72.2-83.3)
BMI ≥30 71.2 %(64.8-77.0)
HbA1c levels ≥7%
Cambridge Risk Score 76.9 % (64.8-86.5)
BMI ≥30 78.5% (66.5-87.7)
HbA1c levels ≥6%
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IGT / IFG/T2DM

Positive and Negative-predictive
values (%) for IGT / IFG/T2DM

AuRoc Value

Reported optimal threshold
Follow up
Other properties
Cost Effectiveness
Authors conclusions
Quality Assessment
Study

Screening tool
Setting / Delivered by
Characteristics targeted
Population

Cambridge Risk Score 63.9 % (62.7-65.0)
BMI ≥30 74.8 %(73.8-75.8)
HbA1c levels ≥7%
Cambridge Risk Score 77.8 %(76.9-78.8)
BMI ≥30 73.9 %(72.8-74.9)
HbA1c levels ≥6%
Cambridge Risk Score PPV 6.4 (5.5-7.4) NPV not reported
BMI ≥30 PPV8.2 (7.0-9.5) NPV not reported
HbA1c levels ≥7%
Cambridge Risk Score PPV 3.0 (2.2-3.9) NPV not reported
BMI ≥30 2.6 (1.9-3.4) NPV not reported
HbA1c levels ≥6%
Cambridge Risk Score
BMI ≥30
HbA1c levels ≥7%
Cambridge Risk Score
BMI ≥30
≥0.128 was the optimal cutoff for Cambridge Risk Score to detect HbA1c levels of 6% or more For BMI a cutoff of 30
or more was estimated.
NR
NR
NR
The authors concluded that for adults in midlife the Cambridge Risk Score preformed reasonably well in identifying
individuals with elevated HbA1c but had no advantage compared to BMI alone in identifying diabetes risk.
+
Author: Woolthius
Two papers reporting on same study
Year: 2007 / 2009
Country: Netherlands
Study design: Screening yield assessment and uptake
Name / Type: EMR-derived Risk assessment
Family practices
Practice assistants within patients‘ own family practice.
Patients with one or more known risk factor/s (family history of diabetes, hypertension, cardiovascular disease, lipid
metabolism disorders, obesity [BMI <27] and a history of gestational diabetes mellitus) and without risk factors
(opportunistic screening) (not extracted) and uptake of screening.
Sample: Participants were recruited from 11 family practices in the Netherlands that were part of academic research
networks of university departments of family medicine. The practices had a total population of 49,229 patients, cared
for by 25 family practitioners, and had not previously performed systematic screening for diabetes. All patients aged
45 to 75 years inclusive who were listed with these practices and were not known to have diabetes were considered
for inclusion in the study.
The 11 participating practices had 49,229 registered patients (2,500-9,750 per practice), of whom 14,457 (957-1,831
per practice) were aged 45 to 75 years. The prevalence of known diabetes before our screening program was 6.1%,
leaving 13,581 patients for the study. During the 1-year study period, 5,277 (39%) of these patients had an
encounter with a family practitioner during which screening was discussed. Risk assessment indicated that 3,724
(71%) were at high risk for diabetes and 1,553 (29%) were at low risk; 90% (3335) of the high-risk patients and 86%
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(398) of the 465 invited low-risk patients returned for a first capillary FPG measurement after invitation. Sex and
mean age did not differ significantly between high-risk and low-risk patients, but mean FPG was slightly higher in the
former group.
Among high-risk patients, a second capillary FPG was performed in 496 high-risk patients, or 88% of those invited. A
venous sample was collected in 125 (74%) of these patients but not in 44 (26%). Of the 125 patients with a venous
sample, 81% had undiagnosed type 2 diabetes, 16% had IFG, and 3% had a normal fasting glucose level. These
groups differed significantly in terms of mean FPG values and the prevalence of lipid metabolism disorders.
Males: 42.3% and 42.2% of high- and low-risk patients respectively, in whom a first capillary fasting glucose level
was measured
Mean age: 58.2 ± 8.2 and 57.5 ± 7.2 of high- and low-risk patients respectively, in whom a first capillary fasting
glucose level was measured
Mean BMI: 28.0 ± 4.5 and 23.5 ± 2.2
Waist circumference: NR
Other: Mainly Caucasian

Prevalence of pre-diabetes = 16% IFG
No of Items
Time to complete
Reference standard used

N/A
N/A
N/A

Index and Comparitor tests
Sensitivity (%) for diagnosis of
IFG/IGT
Specificity (%) for diagnosis of
IFG/IGT
Positive and Negative-predictive
values (%) for IGT / IFG/T2DM
AuRoc Value
Reported optimal threshold
Follow up

N/A
N/A

Other properties
Cost Effectiveness
Authors’ conclusions
Quality Assessment
Study

Study Aim

N/A
N/A
N/A
N/A
1886 patients with EMR-derived risk (91%) and 1449 at risk after additional assessment (88%) returned for an FPG
measurement. In both groups, patients were found with an FPG above the cut off for FPG (13.5% and 9.6%).
Not assessed
Obesity and family history of diabetes were poorly recorded and were mainly retrieved with additional risk
assessment during consultation.
+
Author: Zhou
Year: 2009
Country: China
Study design: Diagnostic accuracy study
The aim of the study was to determine the performance of glycated haemoglobin (HbA1c) as a screening tool for
detecting undiagnosed diabetes and pre-diabetes.

Screening tool

HbA1c

Setting / Delivered by

Unclear where measurements and testing of study participants was carried out.
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Characteristics targeted

HbA1c , BMI, waist circumference, oral glucose tolerance test, impaired glucose tolerance, impaired
fasting glucose.

Population

Sample: 903 Individuals aged 21 to 79 years of age, living in two urban communities of Beijing that had participated
in a diabetes survey that was conducted from March to May in 2008 and had no prior history of diabetes.
Males: 26.5% (239)
Mean age: 55.0 years (95% CI 54.3 to 55.6)
Mean BMI: 26.3 (95% CI 26.1 to 26.5)
Waist circumference: Males mean 89.5 cm (95% CI 88.3 to 90.7), Females mean 83.4 cm (95% CI 82.7 to 84.1)
Other:

Prevalence = 22.4% pre-diabetes
No of Items
Time to complete
Reference standard used

N/A
N/A

Index and Comparitor tests

A 75-g oral glucose tolerance test (OGTT), performed in the morning after the study participants had at least three
days of unrestricted diet and an overnight fast of 10 to 12 hours, for newly diagnosed diabetes. For pre-diabetes the
World Health Organisation 1999 criteria (impaired glucose tolerance [IGT] and impaired fasting glucose [IFG]) was
used.

Sensitivity (%) for diagnosis of
IGT / IFG

HbA1c ≥ 5.7% 59.4
HbA1c ≥ 6.0% 25.2
HbA1c ≥ 6.5% 2.0
HbA1c ≥ 5.7% 73.9
HbA1c ≥ 6.0% 94.8
HbA1c ≥ 6.5% 100.0

Specificity (%) for diagnosis of
IGT / IFG
Positive and Negative-predictive
values (%) for IGT / IFG
AuRoc Value
Reported optimal threshold
Follow up
Other properties
Cost Effectiveness
Reviewer comments

Authors conclusions
Quality Assessment
Study

HbA1c was measured by boronate affinity high-pressure liquid chromatography method.

Not reported
Not reported
Optimal cut off for undiagnosed diabetes was HbA1c ≥ 6.0% and for pre-diabetes it was HbA1c ≥ 5.7%.
Not reported
Not reported
The authors noted that the performance of a HbA1c as a diagnostic test for diabetes and pre-diabetes was compared
against the results of one OGTT test, and given that the reproducibility of the OGTT test itself is poor, individuals
could have been misclassified. Furthermore as participation in the study was voluntary, the prevalences of
undiagnosed diabetes and pre-diabetes (as well as obesity and hypertension) was high in the study population. In
the study, HbA1c detected more individuals with elevated waist circumference and ⁄ or BMI, and the authors believe
that the result could not be extrapolated to a general population. The small sample size may also a limitation of the
study.
The authors concluded from this study that HbA1c as a single screening test was adequate to detect newly
diagnosed diabetes but was not able to properly identify pre-diabetes in an obese Chinese population.
+
Author: Zhou
Year: 2010
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The 903 individuals who had no
history diabetes along with HbA1c
and all required measurements out
of the 1107 who participated in the
diabetes survey.

Preventing progression of pre-diabetes to type 2 diabetes in adults

Study Aim
Screening tool

Setting / Delivered by
Characteristics targeted
Population

No of Items
Time to complete
Reference standard used

Country: China
Study design: Diagnostic accuracy study
To evaluate the performance of A1C and fasting capillary blood glucose (FCG) tests as mass screening tools for
diabetes and pre-diabetes, as determined by the standard oral glucose tolerance test (OGTT).
Name: A1C is the mean of the long-term glucose level and does not require the subject to be in a fasting state with
only one blood sample drawn. The capillary blood glucose test is a point-of-care determination that involves only one
finger prick. As it is easy to use and cheap, it is applied as a first-step screening test for mass screening of subjects
in either the fasting or the random state.
Prevalence = 29.5% pre-diabetes
Unclear
BMI, waist circumference,
Sample: The study population was drawn from 6,100 residents of Qingdao city in China, who had participated in a
diabetes survey. Of these, 2,332 individuals (aged 35 to 74 years) without a prior history of diabetes made the
inclusion criteria for the study.
Males: 42.3% (986)
Mean age: Males 49.5 years (95% CI 48.9 – 50.2), Females 49.3 years (95% CI 48.8 – 49.8)
Mean BMI: Males 25.7 (95% CI 25.5 – 25.8), Females 25.8 (95% CI 25.6 – 26.0)
Waist circumference: Males 87.2 cm (95% cI 86.6 – 87.8), Females 81.9 cm (95% cI 81.5 – 82.4)
Other:
N/A
N/A
Standard oral glucose tolerance test (OGTT)

Sensitivity (%) for diagnosis of
IFG

After an overnight fast of at least 10 hours, participants were given the FCG test over the 0700–0930 period, using a
Bayer Ascensia BRIO blood glucose monitoring system that was calibrated to give capillary plasma/serum glucose
equivalent results. A standard OGTT was also performed on the same day over the 0700–1130 period, and blood
samples for glucose determinations were collected from the antecubital vein into a vacuum tube containing sodium
fluoride.
For males the A1C cutoff of 6.5% gave a sensitivity of 4.5% and at 5.6% it gave 33.5%.
For females the A1C cutoff of 6.5% gave a sensitivity of 5.7% and at 5.6% it gave 36.2%.

Specificity (%) for diagnosis of
IFG

For males the A1C cutoff of 6.5% gave a specificity of 88.3% and at 5.6% it gave 59.4%.
For females the A1C cutoff of 6.5% gave a specificity of 89.4% and at 5.6% it gave 62.9%.

Positive and Negative-predictive
values (%) for IGT / IFG
AuRoc Value
Reported optimal threshold

Not reported

Index and Comparitor tests

Follow up
Other properties
Cost Effectiveness
Authors conclusions

For males the AUC for A1C was 0.53 and 0.69 for FCG, for females the AUC for A1C was 0.55 and 0.68 for FCG
The optimal A1C cutoff point for newly diagnosed diabetes in this study population was 5.6% (lower than the
recommended value of 6.5%). The optimal FCG cutoff point was 6.3 mmol/l for men and 6.6 mmol/l for women.
Not reported
Not reported
Not reported
The authors concluded that, as a mass screening tool, the FCG test performed better than the A1C test in the
general population of Chinese. In consideration of its high cost and poor performance, the A1C test is not a suitable

181

Preventing progression of pre-diabetes to type 2 diabetes in adults

Quality Assessment

test for mass screening, particularly with the purpose of detecting pre-diabetes for early intervention.
+
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