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Abstract
Most requests for authorization to bear health claims under Articles 13(5) and 14 related to blood glucose and insulin con-
centration/regulation presented to the European Food Safety Authority (EFSA) receive a negative opinion. Reasons for such 
decisions are mainly ascribable to poor substantiation of the claimed effects. In this scenario, a project was carried out aiming 
at critically analysing the outcome variables (OVs) and methods of measurement (MMs) to be used to substantiate health 
claims, with the final purpose to improve the quality of applications provided by stakeholders to EFSA. This manuscript 
provides a position statement of the experts involved in the project, reporting the results of an investigation aimed to collect, 
collate and critically analyse the information relevant to claimed effects (CEs), OVs and MMs related to blood glucose and 
insulin levels and homoeostasis compliant with Regulation 1924/2006. The critical analysis of OVs and MMs was performed 
with the aid of the pertinent scientific literature and was aimed at defining their appropriateness (alone or in combination 
with others) to support a specific CE. The results can be used to properly select OVs and MMs in a randomized controlled 
trial, for an effective substantiation of the claims, using the reference method(s) whenever available. Moreover, results can 
help EFSA in updating the guidance for the scientific requirements of health claims.
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HPLC	� High-pressure liquid chromatography
iAUC​	� Incremental AUC​
IFCC	� International Federation of Clinical Chemistry
IFG	� Impaired fasting glucose
IGT	� Impaired glucose tolerance
IR	� Insulin resistance
IS	� Insulin sensitivity
ISI	� Insulin sensitivity index
LC–MS	� Liquid chromatography mass spectrometry
MMs	� Methods of measurement
OGTT​	� Oral glucose tolerance test
OVs	� Outcome variables
QUICKI	� Quantitative insulin sensitivity check index
RCT​	� Randomized controlled trial
T2DM	� Type 2 diabetes mellitus

Introduction

Based on an estimation of WHO, diabetes mellitus will be 
the seventh leading cause of death in 2030. To date, diabetes 
mellitus affects more than 400 million of people, with an 
increasing prevalence in low- and middle-income countries 
[1]. Diabetes can be due to (almost) absent insulin produc-
tion secondary to autoimmune pancreatic beta cell destruc-
tion (type 1 diabetes) or to a combination of reduced beta 
cell functional mass and insulin resistance (type 2 diabetes). 
Hyperglycaemia is therefore the hallmark of the disease and 
is implicated in the pathophysiology of acute and chronic 
complications affecting almost every tissue/organ. Oxida-
tive stress, endothelial dysfunction and inflammation are 
included among the main pathways thought to be involved 
in diabetic complications [2, 3]. The onset of type 2 diabetes 
can be prevented or delayed by therapeutic lifestyle changes 
(TLC), including, but not limited to, diet and physical activ-
ity. Food and nutrients directly affect glucose metabolism 
and excursions. Thus, glucose lowering or raising proper-
ties of foodstuffs and their bioactive compounds have been 
receiving increasing attention, as instruments of primary, 
secondary and tertiary prevention addressed mainly to the 
public health burdens of diabetes and cardiovascular disease 
(CVD). As pointed out by Howlett and Ashwell [4], under-
standing the impact of specific foodstuffs on glucose levels/
regulation and selecting the best read-outs of the glucose/
insulin system to unveil the (dis)advantages associated with 
certain food items have fuelled the debate of the scientific 
community for a long time. In parallel, the media and the 
grey literature have devoted increasing attention to these 
topics, contributing to increase consumers’ awareness and 
to improve their skills in food choices. In this scenario, the 
interest of food industries to declare glucose level modify-
ing properties of their products has been steadily growing, 
as demonstrated by several requests of authorization to bear 

health claims in relation to glucose metabolism. However, 
most requests for authorization to use health claims under 
Articles 13(5) and 14 with reference to blood glucose and 
insulin concentration/regulation presented to European Food 
Safety Authority (EFSA) have received a negative opinion. 
In addition to insufficient characterization of the food items 
and to the choice of non-beneficial effects, reasons for the 
negative opinion by the Panel on Dietetic Products, Nutri-
tion and Allergies of EFSA are ascribable to the insufficient 
substantiation of the health claim attributed to the food/food 
constituent under scrutiny, including inappropriate choice 
of outcome variables (OVs) and methods of measurement 
(MMs).

In this scenario, a project was launched aiming to improve 
the quality of the applications submitted by stakeholders to 
EFSA [5]. The project consists in the critical review of OVs 
and MMs proposed so far to substantiate the health claims 
falling into one out of six main areas of interest, as outlined 
in the Guidance documents adopted by the Panel on Dietetic 
Products, Nutrition and Allergies: (1) protection against oxi-
dative damage and cardiovascular health, (2) postprandial 
blood glucose responses/blood glucose control and weight 
management, (3) bone, joints, oral and skin health, (4) neu-
rological and physiological functions, (5) gut and immune 
functions and (6) physical performance.

The present paper is a position statement by the experts 
involved in the project, which reports the results of the work 
done to collect, collate and critically analyse the information 
relevant to claimed effects (CEs), OVs and MMs related to 
blood glucose and insulin levels and homoeostasis compliant 
with Regulation 1924/2006.

Materials and methods: search strategy

The manuscript refers to claimed effects (CEs), OVs and 
MMs collected from the relative Guidance document [6], 
from the applications for authorization of health claims 
under Articles 13(5) and 14 of Regulation 1924/2006 related 
to blood glucose and insulin concentrations (ec.europa.eu/
nuhclaims/), as well as from comments received during pub-
lic consultations. The critical analysis of the OVs and their 
MMs was performed on the basis of the literature review 
and was aimed at defining the appropriateness of OVs and 
MMs with specific reference to the claimed effects [5]. A 
schematic representation of the strategy applied is shown in 
Fig. 1. Starting from a pool of 13 requests for authorization 
of health claims, 2 were not considered because the claim 
was not defined as a beneficial physiological effect per se. 
The remaining 11 requests were evaluated. Among these, 
10 and 1 were referred to 2 and 1 different claims falling 
under Article 13(5) and Article 14, respectively. The criti-
cal analysis was performed for 10 different OVs, 2 of which 
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were assessed in the context of 2 different CEs. Among the 
7 different MMs considered, 3 were assessed for the same 
OV, while 3 MMs were analysed in relation to different OVs 
and 1 MM was evaluated in relation to only 1 OV.

Results and discussion: critical evaluation 
of outcome variables and methods 
of measurement

Function claims falling under art. 13(5)

Reduction in postprandial blood glucose responses

Peak blood glucose concentration  The peak of blood glu-
cose after a glucose load or a meal is an outcome variable 
commonly employed in clinical and research settings. In 
non-diabetic subjects, the glycaemic peak generally occurs 
about 60 min after starting to eat and rarely exceeds 140 mg/
dL. Blood glucose concentration typically returns to base-
line levels within two or three hours. However, the com-

plete absorption of ingested carbohydrates takes 5–6 h after 
the meal. The quantity, composition and timing of the meal 
have a crucial role in determining the magnitude and time of 
the glycaemic peak [7].

To evaluate the appropriateness of peak blood glucose 
concentration as outcome variable, the literature deriving 
from database #01 was critically evaluated (see Table 1).

The magnitude of the postprandial peak plasma glucose 
concentration depends on a variety of factors, mainly the 
timing, quantity and composition of the meal [7]. Other 
factors which affect the entity of glucose peaks are the 
inter-individual and intra-individual variations in glucose 
transit time across the gut, hormonal response, insulin 
sensitivity (IS) and glucose effectiveness, which can be 
defined as the ability of glucose to suppress its own endog-
enous production and to enhance its own uptake [8]. The 
blood glucose peak and the glycaemic AUC provide dif-
ferent information. The former represents a single meas-
urement of blood glucose and cannot be used to assess 
the degree of change of postprandial glucose levels. The 
latter provides a better assessment of glucose response, 
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Fig. 1   Schematic representation of the strategy applied to collect, collate and critical analyse the outcome variables and methods of measure-
ment proposed under health claims in the area of blood glucose and insulin concentrations
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giving an integrated value of glucose concentrations dur-
ing a given period of time. However, in the absence of 
other measurements, such as insulin response to the food 
challenge, the information provided by the glucose peak 
is incomplete. Moreover, a lower postprandial peak glu-
cose concentration implies the comparison with a bench-
mark product or an absolute standard: the test food must 
be ingested alone, or within a meal, and compared to an 
established control food/meal. If the standard is glucose in 
water solution, almost every food product would attain a 
lower glucose peak level after consumption [9], but at the 
same time, other reference foods could suffer from poor 
reproducibility, hampering the comparison. It is advisable 
to measure postprandial blood glucose at different time 
points, after an overnight fast, in order to detect the time-
point at which the glucose peak will occur. The repeated 
consumption of a food inducing low blood glucose peaks 
can be considered beneficial. Replacing food items by 
others containing the same amount of available carbohy-
drates (CHO), but able to elicit lower glucose peak, could 
be considered beneficial on cardiometabolic risk reduc-
tion [10–12]. The simultaneous determination of insulin 
concentrations may provide information about the degree 
of hyperinsulinaemia to which body tissues are exposed 
following ingestion of selected foods, in the light of the 
potential detrimental role that prolonged, repeated overex-
posure to insulin may play in pathophysiological processes 
such as atherogenesis [13, 14].

In conclusion, postprandial peak blood glucose is an 
appropriate outcome variable for the substantiation of health 
claims regarding the reduction in postprandial blood glu-
cose. However, it should be used in combination with peak 
plasma/serum insulin concentration to exclude dispropor-
tionate insulin values in comparison with the control food/
meal.

Enzymatic techniques  The determination of blood glucose is 
one of the most widely used blood chemistry tests and one 
of the earliest tests available in clinical practice. Comparing 
the quantification of peripheral to venous blood glucose, the 
former is preferable. However, the latter can be considered 
appropriate. In a sample of whole blood, glycolytic enzymes 
present in both red cells and leucocytes are responsible for 
decreasing glucose concentration over time. To obtain reli-
able data, glycolysis can be prevented by adding sodium flu-
oride to whole blood samples (with the limitation of making 
the sample not suitable for assessment of other chemistries), 
by rapidly separating the sample, or by cooling. Generally, a 
sample is considered adequate in the absence of haemolysis. 
Moreover, the quantification should be performed on sam-
ples obtained within 30 min from whole blood separation 
[15]. Different methods are available to measure glucose 
concentrations. They can be classified on the basis of the 
specific enzymatic reaction or the chemical reactivity of the 
sugar [16, 17]. Chemical methods, although accurate and 
with good sensitivity, are poorly specific because hexoses 

Table 1   Strategies used for retrieving the literature pertinent with outcome variables and methods of measurement under investigation

AUC​ area under the curve, HbA1c glycated haemoglobin, OGTT​ oral glucose tolerance test

DB number Syntax Total articles Narrative reviews Systematic 
reviews/meta-
analyses

Valida-
tion 
studies

Outcome variables

1 “blood glucose”[mesh] AND 
“english”[language] AND 
“humans”[mesh]

76,294 6321 1263 248 Peak blood glucose concentra-
tion; glucose AUC; blood 
glucose concentrations and 
their time-integrated values 
during OGTT; fasting blood 
glucose

2 “insulin”[mesh] AND 
“english”[language] AND 
“humans”[mesh]

78,407 10,251 911 143 Peak plasma/serum insulin 
concentration; insulin AUC; 
fasting plasma/serum insulin

3 “hemoglobin a, 
glycosylated”[mesh]) AND 
“english”[language] AND 
“humans”[mesh]

21,120 1405 692 94 HbA1c

4 (fructosamine [mesh]) AND 
humans [mesh] AND english 
[language]

889 37 5 1 Fructosamine

5 (“insulin resistance”[mesh]) 
AND “english”[language] 
AND “humans”[mesh]

42,901 9954 793 102 Insulin sensitivity
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other than glucose may react. On the contrary, enzymatic 
methods have higher specificity owing to the selective catal-
ysis of the proteins used. The enzymes currently employed 
for glucose measurements are hexokinase, glucose oxidase 
and glucose dehydrogenase. Among these, glucose oxidase 
is the most specific, reacting only with d-glucose [18]. The 
method of detection may be colorimetric or electrochemi-
cal, depending upon the nature of the enzymatic reaction. 
The reference method of measurement, which employs 
hexokinase, requires serum or plasma deproteination [17]. 
The value obtained can be an underestimation of the true 
glucose concentration in the presence of haemolysis, or an 
overestimation due to a positive interference of bilirubin and 
triglycerides. On the other hand, peroxidase, which acts in 
the glucose oxidase method, is inhibited by various mol-
ecules, including bilirubin and haemoglobin. Depending 
on the matrix of the specimen, glucose measurements may 
differ. Compared to serum or plasma, whole blood glucose 
concentration tends to be up to 10–15% lower [18], because 
glucose is less concentrated in blood cells. In conclusion, 
enzymatic techniques represent an appropriate method of 
measurement for the assessment of postprandial blood glu-
cose concentrations (peak and AUC).

Glucose AUC​  The glycaemic AUC is used as an overall 
measure of glucose tolerance in clinical trials and other 
studies. It is usually calculated by means of a glucose load 
or after a carbohydrate-rich meal. In the latter case, it can 
be used to compare the effect of a specific food versus a 
control food on postprandial glycaemia [19]. The combined 
measurement of insulin and glucose levels and the calcula-
tion of glucose and insulin AUC permit the quantification 
of body insulin response to dispose the glucose absorbed 
from a specific food. The AUC can be calculated using dif-
ferent methods, but the most commonly used is the “trap-
ezoidal rule” [20]. The so-called incremental AUC (iAUC) 
is obtained by subtracting the baseline readings from the 
AUC [21]. The “positive incremental AUC” considers only 
the glucose area above the baseline [19, 22]. The choice of 
the AUC affects the interpretation of glycaemic values [23]. 
When the glucose curve falls under the baseline value, the 
iAUC may provide negative values. On the other hand, the 
positive iAUC has the disadvantage of ignoring the contri-
bution of the readings below the baseline. The calculation of 
the whole AUC tries to minimize such drawbacks.

To evaluate the appropriateness of glucose AUC as out-
come variable, the literature deriving from database #01 was 
critically evaluated (see Table 1).

Like for postprandial peak glucose concentrations, a 
lower postprandial AUC can be demonstrated by means 
of the comparison with a benchmark product or an abso-
lute standard, suffering from the same limitations stated 
in "Peak blood glucose concentration" section. However, 

different from the glycaemic peak, the AUC provides a 
time-integrated expression of glucose levels and allows a 
better assessment of the changes of glucose concentrations 
after a test food, allowing also the inference of more fac-
tors involved in glucose homoeostasis, including potential 
gastrointestinal events (i.e. gastric emptying or starch diges-
tion and glucose uptake by intestinal cells). Nevertheless, 
also in this case, in the absence of insulin measurements, 
the glucose AUC provides only partial information, as dis-
proportionate change of insulin concentrations could be 
missed. For the calculation of glucose AUC, the duration of 
the examination must be appropriate (at least 2 h) and the 
sampling of blood glucose is recommended at several time 
points (e.g. seven), after an overnight fast [24]. As previ-
ously mentioned, the ability of food items to determine lower 
glucose AUC respect to others with a comparable amount of 
available CHO could be considered beneficial. However, the 
determination of insulin concentration is required to prove 
that this hormone is not present in a disproportionate amount 
(see "Peak blood glucose concentration" section). In conclu-
sion, glucose AUC is an appropriate outcome variable for 
the substantiation of health claims regarding the reduction 
in postprandial blood glucose. However, it should be used in 
combination with AUC insulin to exclude a disproportionate 
increase in insulin values in comparison with the control 
food/meal.

Enzymatic techniques  Please refer to  "Enzymatic tech-
niques" section.

Peak plasma/serum insulin concentration  The insu-
lin response after a glucose load or a meal, including the 
plasma/serum insulin peak, is an outcome variable com-
monly used in research settings. The plasma/serum insulin 
peak is affected by the increase in blood glucose and by 
meal composition. Other factors, such as hormones, neu-
rotransmitters, rate of carbohydrate absorption, β-cell func-
tion, IS and insulin clearance, also play an important role. 
Hyperinsulinaemia and/or insulin resistance (IR) have been 
implicated in the pathogenesis of type 2 diabetes mellitus 
(T2DM), hypertension and atherosclerosis [25]. However, 
cut-off values associated with an increased risk of devel-
oping cardiometabolic diseases (CMDs) have not yet been 
established.

To evaluate the appropriateness of peak plasma/serum 
insulin concentration as outcome variable, the literature 
deriving from database #02 was critically evaluated (see 
Table 1).

The estimation of the insulin peak induced by a food/
meal in comparison with a reference food/meal containing 
the same amount of available CHO has many limitations. 
First, it is a single-point measure, which provides less 
information and higher variability than a whole insulin 
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curve (AUCi). Second, the time needed to reach the insulin 
peak is highly variable both within and between individu-
als [26, 27]. This implies that a predetermined sampling 
time may actually miss the insulin peak, especially when 
foods/meals with widely different transit times and absorp-
tion rates are compared. The measurement of postprandial 
insulin at different time points, after an overnight fast, 
is therefore advised in order to better detect the time-
point at which the insulin peak occurs. Third, like for all 
insulin-based indexes, the interpretation of insulin values 
requires concomitant data on blood glucose. Finally, an 
important limitation is the fact that there is no worldwide 
standardization of the insulin assay or a recognized refer-
ence interval for insulin AUC [28], which makes difficult 
the comparison of data generated in different laboratories. 
In conclusion, postprandial peak insulin response is not 
an appropriate outcome variable to be used alone for the 
substantiation of health claims regarding the reduction 
in postprandial blood glucose. However, it can be used 
as supportive evidence to ensure that a disproportion-
ate increase in this hormone does not occur when blood 
glucose concentration decreases, in comparison with the 
control food/meal.

Chromatographic techniques  Three categories of analytical 
methods can be used to measure insulin and its precursor: 
immunoassays, HPLC and the stable isotope dilution LC–
MS assay. In immunoassays, depending on their specificity, 
cross-reactions with pro-insulin and its degradation products 
cannot be excluded. The commercial availability of vari-
ous insulin immunoassays and the absence of a worldwide 
standardization make data comparison across laboratories 
difficult. No international reference method for insulin analy-
sis has yet been established [29]. In this context, isotope 
dilution LC–MS has been proposed as a reference procedure 
for serum insulin quantification with immunoassays [30]. In 
the effort to obtain standardization of insulin immunoassays, 
this approach can be used to improve the accuracy of their 
measurement. It implies the addition of a known amount of 
insulin analogue (labelled with stable isotopes) to the sample 
to be analysed. The analysis with MS, after the processes of 
extraction and purification, allows the direct identification of 
insulin and its analogue, in addition to a precise quantifica-
tion depending upon the relative intensities of the observed 
signals.

HPLC can ensure rapid and accurate protein quanti-
fication. It is useful for the validation of immunoassays. 
Among HPLC procedures, reversed phase with an UV 
detector can be used. This method implies plasma separa-
tion followed by insulin extraction. Finally, plasma insulin 
concentration is determined from the standard curve of 
insulin. Owing to the small sample volume required, this 

procedure is particularly suitable for paediatric microsa-
mples [31].

Therefore, the development of a HPLC method with 
diode array detection has permitted to obtain reliable 
data of plasma insulin concentrations with no significant 
interferences or matrix effects caused by endogenous com-
pounds. This approach includes the advantages of being 
relatively cheap and the requirement of a single-step 
extraction procedure [32].

In summary, chromatographic techniques are appropri-
ate methods for the measurement of serum/plasma insulin.
Insulin AUC​  Insulin AUC is a useful tool employed as an 
overall index for insulin levels in clinical trials and research 
investigations. In controlled studies, it can be calculated 
comparing the effect on postprandial glucose/insulin 
responses of a specific food against an established control. 
The calculation of insulin AUC can be used to quantify the 
body insulin response to dispose the glucose absorbed from 
a specific food. Concerning the available methods to calcu-
late the AUC, please refer to "Glucose AUC​" section.

To evaluate the appropriateness of insulin AUC as out-
come variable, the literature deriving from database #02 
was critically evaluated (see Table 1).

Insulin AUC can be used to comparatively assess the 
effect of a given food/meal on postprandial insulin. To do 
so, the test food must be ingested alone, or within a meal, 
and compared to an established control food [24]. Con-
trary to the insulin peak, the insulin AUC provides a time-
integrated expression of insulin levels and allows a better 
assessment of the changes of insulin concentrations after a 
challenge [23]. The lack of a worldwide standardization of 
the insulin assay [28] could not be considered a limitation 
per se during an intervention study. However, if differ-
ent methods of measurement are applied, the comparison 
of data generated in different laboratories is rather ardu-
ous. Furthermore, in the absence of the glucose curve, the 
interpretation of insulin AUC data becomes difficult, with 
IR and insulin clearance also playing a relevant role. To 
calculate insulin AUC, recommendations for test duration 
and sampling time are those reported in "Glucose AUC​
" section. In conclusion, postprandial insulin AUC is not 
an appropriate outcome variable to be used alone for the 
scientific substantiation of health claims regarding the 
reduction in postprandial blood glucose. However, it can 
be used as supportive evidence to ensure that a dispro-
portionate increase in this hormone does not occur when 
blood glucose concentration decreases, in comparison with 
the control food/meal.

Chromatographic techniques  Please refer to "Chromato-
graphic techniques" section.
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(Long‑term) maintenance of normal blood glucose 
concentrations

(Long-term) maintenance of normal blood glucose concen-
trations is of critical importance to prevent the development 
of a dysglycaemic status, i.e. impaired fasting glucose/glu-
cose intolerance and diabetes. Failure to maintain normal 
blood glucose concentrations is a strong predictor for the 
progression to type 2 diabetes with an annual progression 
rate ranging from 3 to 14%.

HbA1c  Glycated haemoglobin (HbA1c) is a long-term indi-
cator of glucose levels and is currently used for the diagno-
sis and management of diabetes mellitus. HbA1c is a marker 
of the average blood glucose concentration in the previous 
2–3 months. Over the 120-day lifespan of the erythrocyte, 
HbA1c is formed through a glycation reaction of haemo-
globin A with plasma glucose, so that HbA1c levels reflect 
the plasma glucose concentration over prolonged periods. 
The HbA1c test reports the ratio of haemoglobin HbA1c 
to total haemoglobin A. In 2007, a consensus statement on 
the worldwide standardization of the HbA1c measurement 
was issued jointly by the American Diabetes Association 
(ADA), the European Association for the Study of Diabetes, 
the International Federation of Clinical Chemistry (IFCC) 
and Laboratory Medicine, and the International Diabetes 
Federation [33]. All the statements regarding HbA1c are 
referred only to HbA1c assayed with methods aligned to 
the above-mentioned Consensus Statement, i.e. standard-
ized with IFCC reference system for HbA1c and reported in 
IFCC units (mmol/mol) and derived NGSP units (%). Indi-
viduals with normal glucose regulation have HbA1c < 6% 
(<  5.7% according to ADA), while people with diabetes 
mellitus in poor glucose control may have levels  >  10%. 
WHO recommends a value of HbA1c ≥ 6.5% to diagnose 
diabetes [34], even though HbA1c  <  6.5% does not rule 
out the presence of diabetes mellitus as demonstrated by its 
typical clinical picture with a diagnosis associated with fast-
ing glucose or oral glucose tolerance test (OGTT) 2-hour 
glucose or random glucose.

To evaluate the appropriateness of HbA1c as outcome 
variable, the literature deriving from database #03 was criti-
cally evaluated (see Table 1).

HbA1c is currently used as the reference method to assess 
glucose medium-term control in patients with diabetes. 
Compared to single plasma glucose measurements, HbA1c 
is useful and convenient because it is much less affected by 
within-day and between-day variability [34]. In addition, 
HbA1c has minimal diurnal variations and is not affected by 
food ingestion [35]. Moreover, HbA1c values are strongly 
positively associated with incident type 2 diabetes melli-
tus, and it is considered a valid tool to assess the impact 
of interventions to modify the risk of diabetes [36]. The 

measurement of HbA1c may not reflect true glycaemic con-
trol in patients with anaemia. An additional source of error is 
the interference with several haemoglobin variants. Finally, 
there is evidence that part of the variability of HbA1c is 
linked to genetic variants unrelated to glucose metabolism.

On the basis of current evidence, HbA1c is an appropriate 
outcome variable to be used alone for the substantiation of 
health claims in the context of (long-term) maintenance of 
normal blood glucose concentrations.

Chromatographic techniques  IFCC has developed the cur-
rent reference method that specifically measures the con-
centration of one molecular species of glycated haemoglobin 
and has been used for worldwide standardization of HbA1c 
assays. “Master equations” have been constructed to cor-
rect the results of current methodologies according to the 
reference method [37]. Many methods are available for the 
measurement of HbA1c. As reported by Sacks [35], they are 
generally classified as based on:

•	 charge differences between glycated and non-glycated 
haemoglobin (e.g. cation-exchange chromatography and 
electrophoresis);

•	 structural differences of glycol groups in haemoglobin 
(e.g. affinity chromatography and immunoassay);

•	 chemical reactivity (e.g. electrospray MS).

It should be noted that the latter method can only be 
used to standardize the HbA1c assay and cannot be used 
by clinical laboratories, whereas electrophoretic and cation-
exchange methods may be influenced by haemoglobin vari-
ants [38].

Chromatographic techniques are widely used methods for 
clinical purposes. The quantification consists of two steps: 
(1) haemoglobin is cleaved into peptides by a proteolytic 
enzyme; (2) the specific glycated and non-glycated N-termi-
nal peptides of the β-chain are measured by chromatographic 
techniques (e.g. HPLC coupled with MS). This method has 
good within-laboratory repeatability but low between-labo-
ratory repeatability [35].

In general, chromatographic techniques can be consid-
ered appropriate as long as they are validated against the 
IFCC reference method and the results are converted to 
IFCC equivalents with the use of the “master equations”. 
The results should also be reported using both the IFCC 
units (mmol/mol) and the NGSP units (%) [33].

Fructosamine  Fructosamine (1-amino-1-deoxy-d-fructose) 
is a ketoamine formed when glucose reacts non-enzymat-
ically with the N-terminal amino group of proteins. Fruc-
tosamine is a biomarker of mid-term glycaemia, far less 
used than HbA1c. The main component of fructosamine is 
glycated albumin, which has a faster turnover rate than hae-
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moglobin. Fructosamine is a marker of glycaemic control 
in the mid-term and reflects average glucose levels of the 
previous 1–3 weeks [39].

To evaluate the appropriateness of fructosamine as out-
come variable, the literature deriving from database #04 was 
critically evaluated (see Table 1).

Fructosamine can replace HbA1c as a marker of glucose 
control in individuals with a condition that makes HbA1c 
testing unreliable or when mid-term changes of glucose con-
trol are of interest [40]. The measurement of fructosamine is 
simple and has good intra- and inter-laboratory reproducibil-
ity. However, it is still debated whether fructosamine should 
be corrected for protein/albumin concentration, a fact that 
makes the measurement not truly standardized. Also, fruc-
tosamine is a generic name indicating all glycated proteins, 
so that it lacks specificity [41]. Because it provides informa-
tion about glycaemic control in the short term (1–3 weeks), 
it is not informative in the long term. The main drawback of 
fructosamine is that no standardization program of its assay 
has ever been completed. In addition, fructosamine has been 
less studied than HbA1c as marker of blood glucose control. 
There is no agreement on the fructosamine goals that should 
be pursued in various conditions or on the cut-points which 
could be used to categorize glucose metabolism. In conclu-
sion, fructosamine is not an appropriate outcome variable 
to be used alone for the scientific substantiation of health 
claims in the context of (long-term) maintenance of normal 
blood glucose concentrations. However, it can be used as 
supportive evidence from shorter-term studies when long-
term studies on HbA1c are available.

HPLC  Many analytical methods have been proposed for the 
measurement of fructosamine. These can be classified as 
immunoassays (involving a specific binding of a reagent to 
the glycated species) and chromatographic methods (involv-
ing modification of the glycated protein), including the furo-
sine/HPLC method. In the furosine/HPLC method, fructosa-
mine is hydrolysed overnight with HCl producing lysine, 
furosine and pyridoxine. Furosine is quantified by HPLC 
using a reverse-phase column with UV detection at 254 and 
280 nm [42]. This method is quite precise and specific and 
is currently considered the reference method for the meas-
urement of fructosamine in biologic samples (i.e. serum/
plasma). On the basis of the current evidence, HPLC is an 
appropriate method to measure fructosamine.

Blood glucose concentrations and  their time‑integrated 
values during  OGTT​  Blood glucose concentrations (e.g. 
glucose peak) and their time-integrated values (i.e. glucose 
AUC) obtained by means of a standard OGTT are outcome 
variables commonly employed in clinical and research set-
tings. As already mentioned in "Peak blood glucose con-
centration" section, in non-diabetic subjects, the glycaemic 

peak generally occurs within 60 min after starting to eat and 
rarely exceeds 140  mg/dL. Blood glucose concentration 
typically returns to baseline levels within 2 or 3  h [7]. If 
insulin is measured with glucose, the OGTT also quantifies 
the body insulin response to dispose the glucose absorbed. 
Concerning the available methods to calculate the AUC, 
please refer to "Glucose AUC​" section.

To evaluate the appropriateness of blood glucose con-
centrations and their time-integrated values during OGTT 
as outcome variable, the literature deriving from database 
#01 was critically evaluated (see Table 1).

In order to substantiate health claims related to the long-
term maintenance of normal blood glucose concentration, 
an improvement of blood glucose control may represent 
an interesting additional insight of the mechanism through 
which the glucose metabolism has been modulated. Like for 
HbA1c, this approach should be pursued after a continuous 
consumption of the food/constituent over at least 12 weeks. 
Although a better blood glucose control could be exhaus-
tively proved in intervention studies using HbA1c as pri-
mary outcome variable, the measurement of plasma glucose 
concentrations (e.g. glucose peak) and their time-integrated 
values (i.e. glucose AUC) obtained by means of a standard 
OGTT before and after the intervention may add valuable 
information about the ability of the organism to react acutely 
to a glucose load. However, the acute nature of this measure-
ment makes it inappropriate alone to substantiate long-term 
maintenance of normal glycaemia. In addition, the simulta-
neous determination of insulin concentrations is needed to 
ensure that a disproportionate increasing of this hormone 
does not occur. In conclusion, blood glucose concentrations 
and their time-integrated values during a standard OGTT are 
not appropriate outcome variables to be used alone for the 
substantiation of health claims in the context of (long-term) 
maintenance of normal blood glucose concentration. How-
ever, they can be used in support of a mechanism by which 
the food/food constituent could exert the claimed effect.

OGTT​  OGTT is a non-invasive measurement technique, 
widely used in research and clinical settings, as a dynamic 
test. It is the gold-standard test to assess glucose tolerance. 
However, it can be also used for the assessment of the effect 
of a specific food on long-term maintenance of normal blood 
glucose and insulin concentrations. Moreover, it can be used 
for the diagnosis of diabetes, and it is a good marker of 
risk for the disease. As a clinical tool to assess glucose tol-
erance, the OGTT requires only 2 glucose measurements: 
baseline and 120 min after glucose ingestion [43, 44]. In 
experimental studies, after an overnight fast, blood samples 
for determinations of glucose and insulin concentrations are 
typically taken at 0, 15, 30, 45, 60, 90 and 120 min following 
the 75-g standard oral glucose load, but different frequency 
and duration of sampling can be used. OGTT is probably 



399Acta Diabetologica (2018) 55:391–404	

1 3

the most commonly used method to evaluate glucose toler-
ance because it is the reference method for this purpose and 
because of its simplicity and low cost. It implies minimal 
risk, and it is suitable for large-scale studies [43]. In spite 
of its paramount importance, some studies reported poor 
reproducibility in specific groups of the population and even 
within the same individual. This may be partially explained 
by the variability in the rate of gastric emptying and glu-
cose absorption from the gastrointestinal tract. In addition, 
gender, adiposity, age and ethnicity affect glucose tolerance 
(i.e. the OGTT results), so that this test should be used with 
caution when unbalanced groups for these and other known 
confounders are compared [45]. Compared to OGTT, using a 
food/meal testing under the same condition would not guar-
antee a full standardization due to differences in ingredients 
and/or preparation and is therefore discouraged. On the basis 
of current evidence, the use of OGTT at baseline and at the 
end of the intervention is an appropriate method to obtain 
blood samples in which glucose and insulin concentrations 
(e.g. glucose peak), as well as their time-integrated values 
(i.e. glucose and insulin AUC) can be quantified.

Insulin AUC​  In intervention studies aimed to demonstrate 
a long-term maintenance of normal blood glucose concen-
trations or an improving of glucose tolerance, the insulin 
AUC can be calculated when performing an OGTT. The 
insulin AUC quantifies the body insulin response to dis-
pose the glucose absorbed from a specific food. Concerning 
the available methods to calculate the AUC, please refer to 
please refer to "Glucose AUC​" section.

To evaluate the appropriateness of insulin AUC as out-
come variable, the literature deriving from database #02 was 
critically evaluated (see Table 1).

The insulin AUC calculated during a standard OGTT 
provides a time-integrated expression of insulin levels. 
The key consideration regarding the insulin AUC (and all 
insulin-based indexes) is that it can be used to assess dis-
tinct biologic entities: (1) hyperinsulinaemia; (2) insulin 
resistance; 3. β-cell function [46, 47]. As to the first issue, 
it should be taken into account that there is no recognized 
reference interval for insulin AUC; hence, each labora-
tory should build its own. Moreover, even though the lack 
of a worldwide standardization of the insulin assay could 
not be considered a limitation per se during an interven-
tion study, the comparison of data generated in different 
laboratories is rather arduous if different methods of meas-
urement are applied. As to the second issue, in addition 
to the aspects highlighted for the first issue, it should be 
considered that other two factors, β-cell function and insu-
lin clearance, beyond IR concur in determining the insulin 
AUC [48, 49]. As to the third issue, the limitations listed 
for the first issue hold; furthermore, in the absence of the 
glucose curve, the interpretation becomes difficult, with 

IR and insulin clearance also playing a relevant role. In 
conclusion, postprandial insulin AUC is not an appropriate 
outcome variable to be use alone for the scientific substan-
tiation of health claims in the context of (long-term) main-
tenance of normal blood glucose concentrations. However, 
it can be used as supportive evidence to ensure that a dis-
proportionate increasing of this hormone does not occur.

OGTT​  Please refer to "OGTT​" section.

Insulin sensitivity  IR is defined as the inverse of IS, which 
in turn is the cellular biologic response to insulin. In cur-
rent practice and in the present document, IR has a more 
strict meaning, labelling a condition in which the response 
of glucose metabolism to insulin is lower than expected. In 
humans, whole-body IS represents the net result of insulin 
action on the liver, in which it restrains glucose production, 
and on the peripheral tissues, primarily skeletal muscle, in 
which it accelerates glucose utilization. In the presence of 
IR, blood glucose levels tend to rise, unless there is a full 
compensation by the pancreatic β-cells with an appropriate 
release of insulin. Be it fully or partially compensatory, the 
attempt of the β-cells to cope with IR results in hyperinsuli-
naemia. The interplay between IR and β-cell function often 
leads to impaired glucose regulation, which is considered 
an obligatory phase preceding the development of T2DM. 
In addition, IS/IR has been implicated in the development 
of obesity and its complications, such as dyslipidaemia and 
hypertension [47, 50]. In turn, obesity and essential hyper-
tension are insulin-resistant states on their own. A wide-
spread condition named “metabolic syndrome” (the clinical 
role of which is still debated) or, more loosely, “cardio-
metabolic risk”, is the partial, or complete, cluster of cen-
tral obesity, impaired glucose regulation, elevated BP and 
atherogenic dyslipidaemia, and it currently recognizes its 
foremost biologic common denominator in IR. Clinically, 
individuals at high risk of IR are easy to identify, but IS/IR 
is not easy to measure. The euglycaemic hyperinsulinaemic 
clamp technique (reference method) is not suitable for use 
in clinical practice and epidemiological research. This has 
led over the decades to the proliferation of surrogate indexes 
of IS/IR, which have been extensively used for both clinical 
and research purposes [47].

To evaluate the appropriateness of insulin sensitivity 
as outcome variable, the literature deriving from database 
#05 was critically evaluated (see Table 1).

Insulin capacity to stimulate glucose disposal is largely 
variable (at least sixfold) in apparently healthy individu-
als with no cut-off values. Reduced IS/IR is not a dis-
ease itself, but an alteration in normal physiology that 
independently increases the likelihood to develop a clus-
ter of abnormalities—i.e. glucose intolerance/T2DM, 
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hypertension, atherogenic dyslipidaemia—and ultimately 
increases the risk of CVD.

Several factors related to lifestyle, including regu-
lar physical exercise and diet/weight loss, are known to 
positively affect IS [51, 52]. TLC, which improve IS (i.e. 
regular physical exercise), have been shown effective in 
preventing the development of T2DM in high-risk indi-
viduals [53].

On the basis of current evidence, a reduction in IR (or 
an increase in IS) is not an appropriate outcome variable to 
be used alone for the substantiation of health claims in the 
context of (long-term) maintenance of normal blood glu-
cose concentrations. However, changes of IS can be used 
in support of a mechanism by which the food/constituent 
could exert the claimed effect.

Euglycaemic hyperinsulinaemic clamp  The euglycaemic 
hyperinsulinaemic clamp technique provides a direct meas-
ure of IS. After an overnight fast, insulin is infused intrave-
nously to raise plasma insulin above the fasting level (hyper-
insulinaemia) to the point that glucose disposal in skeletal 
muscle and adipose tissue is increased and hepatic glucose 
production is inhibited. Blood glucose levels are constantly 
measured using a bedside glucose analyser, while dextrose 
is infused intravenously at a variable rate to maintain eugly-
caemia [47]. The amount of glucose infused to maintain eug-
lycaemia, after correcting for changes in the glucose pool, is 
a measure of whole-body (liver plus peripheral tissues) IS. 
In order to discriminate between IS in the liver and in the 
peripheral tissues, the euglycaemic insulin clamp must be 
combined with the glucose tracer dilution technique [54]. 
To determine the extent of compensatory β-cell hypersen-
sitivity, one reference method is the hyperglycaemic clamp, 
in which glucose is infused intravenously to almost instan-
taneously raise and maintain plasma glucose up to a prede-
termined level above the baseline values. The β-cells, when 
stimulated by square wave hyperglycaemia, respond with a 
characteristic biphasic pattern of insulin secretion, the so-
called first and second phases of insulin secretion [55]. The 
data generated with the hyperglycaemic clamp can be used 
to yield also a good index of IS. The validity of clamp-based 
techniques depends on the achievement of steady-state con-
ditions. They are gold-standard techniques as to accuracy 
and show fairly good within-subject reproducibility. On the 
other hand, clamp-based techniques are invasive and require 
intravenous access, are time-consuming (i.e. the standard 
duration of a glucose clamp is 120 min but takes about 4 h 
to perform it), quite expensive, and require 1–2 well-trained 
operator(s) to manage the sessions [50]. In conclusion, eug-
lycaemic hyperinsulinaemic clamp is an appropriate method 
to be used alone for the measurement of IS.

ISI‑OGTT​  In the quest for non-invasive measurement tech-
niques for IS, several models have been proposed as an 
alternative to the euglycaemic hyperinsulinaemic clamp 
technique [50]. The OGTT is a dynamic test, widely used in 
clinical practice and research. It is the gold-standard test to 
assess glucose tolerance and can be used to diagnose IGT 
and diabetes mellitus. However, the OGTT is also often 
used to evaluate IR, considering that plasma glucose and 
insulin responses during OGTT reflect the ability of pan-
creatic β-cells to safeguard normal glucose regulation. A 
large number of formulas to compute an ISI on the basis of 
OGTT (ISI-OGTT) glucose/insulin data have been devel-
oped. All of them should be considered surrogate indexes 
of IS, because they reflect not only whole-body (liver plus 
peripheral tissues) IS, but also, to variable extent, the roles 
played by glucose absorption in the gut, insulin clearance, 
glucose effectiveness (i.e. glucose-mediated glucose metab-
olism) and, if present, glycosuria. One possible protocol to 
perform an OGTT with the goal of deriving an ISI-OGTT 
entails, after an overnight fast, a 75-g standard oral glucose 
load and drawing blood samples at 0, 30, 60, 90 and 120 min 
to measure plasma glucose and insulin concentrations. In 
spite of the above-mentioned limitations, the whole-body IS 
derived from the OGTT is attractive because it represents a 
composite of both hepatic and peripheral tissue sensitivity to 
insulin. ISI-OGTT is expected to perform better in longitudi-
nal studies, in which changes are monitored within the same 
subject. When compared vis-à-vis, the ISI-OGTT proposed 
by Matsuda and De Fronzo in 1999 usually is more closely 
related to IS, as measured by the euglycaemic insulin clamp, 
than indexes which consider only fasting glucose and insulin 
values (e.g. HOMA-IR) [56]. The Matsuda’s ISI-OGTT has 
been widely tested and has performed well in a number of 
conditions, including diabetes mellitus and related condi-
tions. However, also for the Matsuda’s ISI-OGTT a standard-
ized reference range is missing.

On the basis of current evidence, ISI-OGTT to estimate 
IR, especially in the version proposed by Matsuda and De 
Fronzo, is an appropriate method to measure IS since it 
incorporates both peripheral and hepatic IS and show the 
strongest correlations with the reference method (clamp 
techniques).

QUICKI  The homoeostatic model assessment (HOMA), the 
fasting glucose/insulin ratio, and the quantitative IS check 
index (QUICKI) methods are probably the most frequently 
used techniques in clinical investigations. QUICKI, devel-
oped in 2000, provides a quite accurate index of IS thanks 
to the use of a derived mathematical transformation of fast-
ing blood glucose and plasma insulin concentrations. It can 
be considered a variation of the HOMA equation, with the 
difference consisting in a logarithmic transformation of the 
insulin glucose product. QUICKI employs fasting insulin 
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and glucose as HOMA does, but it transforms data by tak-
ing the inverse of the sum of their logarithms [QUICKI = 1/
[log (Insulin µU/mL) + log (Glucose mg/dL)]] [57]. As a 
consequence, QUICKI and HOMA-IR should be consid-
ered equivalent to estimate IS/IR, and all the considera-
tions which are valid for one are also valid for the other 
method. QUICKI is a surrogate index of IS, employed 
because convenient and minimally invasive. Its simplicity 
makes QUICKI very attractive in large population studies 
[58]. However, it should be recalled that QUICKI is a sort 
of compact index influenced not only by liver IS, but also by 
glucose effectiveness (i.e. glucose-mediated glucose metabo-
lism), and insulin clearance. QUICKI is derived from fasting 
measures, which primarily reflects the role of liver in glu-
cose regulation. Similarly to the HOMA, QUICKI does not 
provide information on the stimulated glucose and insulin 
system, but only about the function of homoeostatic mecha-
nisms in the fasting state. This primarily reflects the effects 
of insulin on hepatic glucose production, not on peripheral 
glucose uptake.

There are conditions in which QUICKI performance is 
notoriously misleading, primarily impaired fasting glucose 
(IFG). Moreover, its application appears to be limited due to 
a lack of standardized reference range for QUICKI as well 
as to many assumptions (e.g. equivalence of hepatic and 
peripheral IS) that limit its use [50]).

In conclusion, the information concerning insulin action 
provided by QUICKI appears somewhat limited, although 
it could be used to monitor longitudinal changes in IS in 
the same individual. Altogether, the use of QUICKI does 
not appear an appropriate method to be used alone for the 
measurement of IS.

Claims on disease risk reduction art 14(a)

Type 2 diabetes mellitus

T2DM is a widespread chronic disease character-
ized by hyperglycaemia as a result of impaired insulin 
secretion and/or action which reflects β-cell dysfunc-
tion and/or IR. As a consequence, insulin absolute or 
relative deficient action leads to abnormalities in car-
bohydrate, fat, and protein metabolism on target tis-
sues. Chronic hyperglycaemia is associated with long-
term microvascular—renal, retinal and nerve—and 
macro-vascular—cardiovascular—complications.

T2DM is diagnosed whenever even only one of the four 
following criteria is fulfilled [43]:

(a)	 Fasting plasma glucose ≥ 126 mg/dL in two different 
occasions, based on the relationship between fasting 
plasma glucose and incidence of retinopathy;

(b)	 Blood glucose concentrations ≥ 200 mg/dL at 2 h after 
an OGTT with a standard glucose load (75 g) after an 
overnight fast [44], based on the relationship between 
2-h glucose and incidence of diabetic retinopathy;

(c)	 Random plasma glucose ≥ 200 mg/dL together with 
the clinical picture of diabetes (polyuria, polydipsia, 
weight loss);

(d)	 HbA1c  ≥  6.5% based on the relationship between 
HbA1c and incidence of diabetic retinopathy.

The rate of undiagnosed T2DM is high due to the lack of 
specific symptoms, which become manifest (e.g. polyuria, 
polydipsia, weight loss) in the presence of blood glucose 
levels above 180–200 mg/dL.

An intermediate group of subjects may display higher 
than normal glucose levels—which do not meet the diagnos-
tic criteria for diabetes but are associated with higher cardio-
metabolic risk. These pre-diabetic states are impaired fasting 
glucose and impaired glucose tolerance defined as fasting 
plasma glucose 100–125 mg/dL and 2-h post-load glucose 
140–199 mg/dL (when OGTT is used), respectively [43].

The aetiology of T2DM is ascribable to the interaction 
between genetic predisposition, and behavioural and envi-
ronmental risk factors. Family history of diabetes and cer-
tain ethnicities are predictive of T2DM, whereas the most 
important modifiable risk factors are obesity and physical 
inactivity. Pre-diabetes, diagnosed as IFG if fasting glucose 
is between 100 and 125 mg/dL or as IGT if blood glucose at 
2 h after OGTT is between 140 and 199 mg/dL, is associated 
with an increased risk for developing type 2 diabetes.

Fasting blood glucose  Fasting plasma glucose is commonly 
used to assess glucose tolerance. Plasma glucose should be 
assessed in the morning following an overnight (at least 8 h) 
fasting [43].

To evaluate the appropriateness of fasting blood glucose 
as outcome variable, the literature deriving from database 
#01 was critically evaluated (see Table 1).

Fasting plasma glucose represents a key criterion to 
assess glucose tolerance and diagnose type 2 diabetes. A 
condition of dysglycaemia—IFG or IGT—represents a 
robust risk factor for development and progression of type 
2 diabetes [59]. Moreover, with pre-diabetes developing 
from normal fasting glucose levels as a continuous pro-
cess in which hyperglycaemia gradually grows then play-
ing an important role on the genesis of acute and chronic 
complications (e.g. micro- and macro-vascular), the risk 
to develop diabetes based on fasting or 2-h post-load 
glycaemia is comparable to that defined by Hba1c levels 
[59]. However, this might be particularly true for subjects 
whose plasma glucose levels fall above the IFG threshold. 
For this reason, changes in categories of glucose toler-
ance (i.e. from glucose intolerance to normo-tolerance) 
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rather than the punctual fasting glucose values within the 
same glucose category may be considered as an appropri-
ate indicator of risk reduction to be used alone for the 
scientific substantiation of health claims regarding T2DM 
risk reduction.

Enzymatic techniques  Please refer to "Enzymatic tech-
niques" section.

Fasting plasma/serum insulin  Like fasting plasma glucose, 
fasting plasma/serum insulin is measured after an overnight 
fast, with the same recommendations stated in "Fasting 
blood glucose" section. Insulin is the main anabolic hor-
mone involved in the regulation of glucose homoeostasis, 
promoting glucose uptake and glycogenesis, besides lipo-
genesis and protein synthesis in fat tissue and muscle. Dif-
ferent from glycaemia, there is no consensus on the insulin 
levels [28], which may associated with the development of 
CMD.

To evaluate the appropriateness of fasting blood glucose 
as outcome variable, the literature deriving from database 
#02 was critically evaluated (see Table 1).

Fasting plasma/serum insulin levels can only be consid-
ered as a surrogate marker for IR, which is a key defect 
in the pathogenesis of T2DM [47]. In epidemiological pro-
spective studies, hyperinsulinaemia may predict the onset 
of T2DM. However, if considered for use in health claims, 
insulin assessment is fraught with the lack of a cut-off value 
to define normality and/or low-/high-risk conditions and of 
a worldwide standardization of the insulin assay, making 
rather difficult to compare data from different laboratories/
work.

Moreover, all insulin-based IR surrogate indexes require 
concomitant glucose data for interpretation [60].

In conclusion, for the above-mentioned limitations, 
although fasting/plasma serum insulin may be associated 
and/or predictive the development of T2DM, it cannot be 
used alone to scientifically substantiate health claims regard-
ing T2DM risk reduction. However, it can be used as sup-
portive of a mechanism through which the food/constituent 
could exert the claimed effect, in addition to the measure-
ment of blood glucose levels.

Chromatographic techniques  Please refer to "Chromato-
graphic techniques" section.

HbA1c  As stated in "HbA1c" section, part of the variabil-
ity of HbA1c seems linked to genetic variants unrelated to 
glucose metabolism. HbA1c is also linearly related to the 
risk of CVD and diabetes in non-diabetic individuals [61, 
62]. The mortality curve associated with HbA1c levels is 
U-shaped, with the lowest death rates for values between 5.0 
and 5.5% [63]. No intervention studies have targeted HbA1c 

for the prevention of cardiovascular morbidity/mortality in 
people with normal glucose regulation.

In conclusion, HbA1c, if provided by a certified and 
standardized method, represents one of the criteria to diag-
nose T2DM. HbA1c, after careful control for the potential 
confounders listed above, can be considered as an appro-
priate risk factor to be used alone for the substantiation of 
health claims regarding T2DM risk reduction.

Chromatographic techniques  Please refer to "Chromato-
graphic techniques" section.

Conclusions

Currently, most applications to use health claims with regard 
to blood glucose and insulin concentration/regulation under 
Articles 13(5) and 14 are not being approved by the Panel on 
Dietetic Products, Nutrition and Allergies of EFSA. Rejec-
tions are due not only to selecting poorly characterized food/
food constituents and/or non-beneficial effects, but also to 
providing inappropriate OVs as primary endpoints and to 
using inappropriate MMs. As a result of the collecting, col-
lating and critical analysing the OVs and MMs considered 
under beneficial claims with regard to blood glucose and 
insulin concentrations compliant with the European Regu-
lation, the present position statement defines their appro-
priateness level, showing that different or even opposite 
assessments could be attributed to the same OV in relation to 
different CEs. For instance, during the performance of rand-
omized controlled trials (RCTs), postprandial blood glucose 
concentrations (glycaemic peak) and their time-integrated 
values (glucose AUC) are defined to be appropriate as pri-
mary endpoints to substantiate health claims regarding the 
reduction in postprandial blood glucose, whereas they can 
be used only as supportive evidence to substantiate health 
claims in the context of (long-term) maintenance of normal 
glucose regulation. Accordingly, the choice of MMs should 
be restricted to gold-standard methods or the best available 
one for each OV. The present work, therefore, could be a 
useful roadmap to support an appropriateness-driven selec-
tion process of OVs and MMs to be used in RCTs. Further-
more, the information provided in this position statement 
could be of help to EFSA during the update of the guidance 
on the scientific requirements for health claims regarding 
blood glucose and insulin concentration/regulation.
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