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Abstract. Background: Recently, the validity of the oral glucose tolerance test (OGTT) as a gold-standard 
test for the diagnosis of glucose dysregulation (GD) has been questioned due to the pre-analytical, analyti-
cal, and post-analytical variables which can potentially affect its reproducibility and accuracy. Aims: In this 
short update, the many variables that affect the reproducibility and accuracy of the OGTT are described and 
discussed aiming to enhance its diagnostic value in clinical practice. Search strategy: A systematic search was 
implemented in June 2022, using Scopus, PubMed, Embase and Google Scholar focusing on OGTT relevant 
papers published in the last 10 years. Moreover, the reference lists of these articles were checked for additional 
pertinent studies. The research and selection of articles was also supported by the long-term authors’ experi-
ence in the use of OGTT for the diagnosis of GD in children and adolescents. Conclusion: The complexity 
of diagnosing GD presupposes that clinicians have specific knowledge and experience to perform rigorous 
assessment of glucose metabolism. It is worth mentioning that during OGTT, subjects with glucose levels 
close to the cut-off values proposed by WHO (World Health Organization)/ ADA (American Diabetes As-
sociation) require careful evaluation in order to avoid misclassification and unnecessary interventions. For this 
reason, ADA recommends a second test to confirm the diagnosis of diabetes. (www.actabiomedica.it)

Key words: Oral glucose tolerance test, glucose dysregulation, ADA recommendation, analytical variables, 
children, adolescents

Introduction

Diabetes mellitus is the most common endo-
crine disorder of carbohydrate metabolism. Diagnos-
tic criteria for all types of glucose dysregulation (GD) 
in children and adolescents are based on laboratory 
measurement of plasma glucose levels and the pres-
ence or absence of symptoms of GD.

Type 1 diabetes mellitus (T1-DM) is character-
ized primarily by deficiency of insulin secretion and 

the presence of autoantibodies against insulin (IAA), 
glutamic acid decarboxylase (GADA), protein tyros-
ine phosphatase (IA2) and zinc transporter 8 (Znt8A) 
while type 2 diabetes mellitus (T2-DM) is a combina-
tion of resistance to insulin action, and an inadequate 
compensatory insulin secretory response for the insu-
lin resistance. A third category of DM is secondary 
to other specific types of diabetes (monogenic defects 
of β-cell function, genetic defects of insulin action, 
exocrine pancreatic disease, certain endocrinopathies, 
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induced by drugs, chemicals and infections, uncom-
mon immune-mediated disease and genetic syndromes 
associated with diabetes) (1).

In conjunction with a worldwide increased prev-
alence of obesity in childhood and teenage, prevalence 
of diabetes in youth has also increased (2). Given 
the fact that many children and adolescents with  
T2-DM have minimal symptoms (3), the American 
Diabetes Association (ADA) guidelines (4) recom-
mend that obese children with BMI ≥ 95th percentile 
for age and sex and with additional risk factors should 
be screened for diabetes every two years, starting at 
age of 10 years or at onset of puberty. Additional risk 
factors include: maternal history of diabetes or ges-
tational diabetes during the child’s gestation; family 
history of type 2 diabetes in a first-or second- degree 
relative; native American, Black, Latino, Asian 
American, Pacific Islander; signs of insulin resist-
ance or conditions associated with insulin resistance 
(acanthosis nigricans, hypertension, dyslipidemia, 
polycystic ovary syndrome, or small for gestational 
age birth weight).

Besides the intrinsic and extrinsic factors that 
modify response to the OGTT, other diseases may 
produce GD. Among these are: chronic diseases 
(transfusion dependent hemoglobinopathies, cystic 
fibrosis, history of hematopoietic stem cell transplan-
tation (5-8) or renal transplantation (9), a number of 
endocrinopathies (Cushing’s syndrome, hyperthyroid-
ism, congenital adrenal hyperplasia) (1,4), genetic 
syndromes (e.g., Down’s syndrome, Klinefelter’s syn-
drome, Friedreich’s ataxia, Prader-Willi syndrome, 
Russel-Silver syndrome and Turner’s syndrome) (4), 
exposure to drugs known to be toxic to β-cells or caus-
ing insulin resistance (e.g., immunosuppressive drugs; 
glucocorticoids or some antidepressants) (1, 4) may be 
of potential risk to develop abnormalities of glucose 
homeostasis.

Tissues most vulnerable to the effects of pro-
longed elevated plasma glucose (PG) levels include 
pancreatic β-cells and vascular endothelial cells. The 
ensuing β-cell dysfunction reduces insulin synthesis 
and secretion, perpetuating the associated hyperglyce-
mia (10). Therefore, screening for early diagnosis of GD 
js an advantage for patients at high risk, formulating 

a regular follow-up and an appropriate therapeutic 
intervention.

PG has a normal diurnal variation; it also varies 
with seasons and aging. Hyperglycemia can be as-
sessed in at least three ways: by measuring fasting PG, 
post-challenge (or postprandial) glucose, and glycated 
hemoglobin (HbA1c) (1). The OGTT has been used 
in clinical practice for over 100 years and is the most 
widely used test in clinical practice to diagnose glucose 
intolerance and diabetes mellitus (DM). For OGTT, 
at least two blood samples (0 min and 120 min) are 
needed to characterize carbohydrate tolerance (12). 
The OGTT results are used to classify subjects as hav-
ing normal glucose tolerance (NGT), impaired fasting 
glucose (IFG) or impaired glucose tolerance (IGT) or 
both, and DM. In addition to the determination of 
glucose tolerance, repeated measurements made dur-
ing the OGTT are frequently used to derive indices of 
β-cell function (11).

Recently, the validity of the OGTT as the 
“gold-standard” for the diagnosis of GD has been 
questioned, mainly due to the pre-analytical vari-
ables that potentially affect its reproducibility and 
accuracy (11).

Glycated hemoglobin (HbA1c) provides a reli-
able index of chronic glycemia. HbA1c and is used as 
a diagnostic criterion for diabetes and prediabetes; the 
cut-off values generally recommended for prediabe-
tes and diabetes are 5.7% (39 mmol/moL) and 6.5%  
(48 mmol/moL), respectively (2).

HbA1c in blood provides evidence of an individ-
ual’s average blood glucose levels during the previous 
two to three months.

The mean HbA1c value in 2,455 healthy  German 
children and adolescents, aged between 0.5 and 
18 years, was 5.06% (31.79 ± 3.3 mmol/moL) (12). 
Positive relation with HbA1c values were identified 
for age, gender, and body mass index-standard devia-
tion score (BMI-SDS). Compared to prepuberty, the 
pubertal and post pubertal stages were associated with 
higher HbA1c levels (12).

In general, despite some advantages, the use of 
HbA1c has some limitations depending on the as-
say and spuriously low values may occur in patients 
with certain hemoglobinopathies or those who have 
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increased red-cell turnover (e.g., hemolytic anemia 
and spherocytosis). In contrast, falsely high glycated 
hemoglobin levels have been reported in subjects with 
iron deficiency (4,5,8). Moreover, the performance of 
HbA1c for diagnosing diabetes and prediabetes is poor.

Nam et al. (13) evaluated the diagnostic per-
formance of HbA1c and determined optimal cut-
off points for detecting prediabetes and diabetes in 
389 children (48 overweight and 341 obese). Their 
mean age was 13.0 ± 2.5 years. About half of the 
children (203, 52.2%) had a family history of DM in 
first- and second-degree relatives. Based on the results 
of the OGTT, 197 (50.6%) subjects had normoglyce-
mia, 121 (31.1%) had prediabetes, and 71 (18.3%) had  
T2 -DM. The kappa coefficients for agreement be-
tween the OGTT, FPG, 2-hr PG, and HbA1c results 
were 0.464, 0.396 and 0.476, respectively. In that study, 
the diagnosis of prediabetes would have been missed in 
nearly half of children without OGTT results. There-
fore, the authors recommended the combination of 
fasting and 2-h PG levels, in addition to HbA1c, in 
the diagnosis of childhood prediabetes and diabetes. 
As stated by the same authors, several other studies 
have reported low correlation between FPG, 2-hr PG 
from OGTT results, and HbA1c levels (13).

In June 2022 a systematic search was implemented 
that included Web of Science (ISI), Scopus, PubMed, 
Embase, and Scholar for papers on OGTT published 
in the last 20 years. Moreover, we checked the refer-
ence lists of the relevant articles and previous reviews 
for additional pertinent studies. The research and se-
lection of articles was also enriched by the long-term 
authors’ experience in the use of OGTT for the diag-
nosis of GD in children and adolescents.

Oral glucose tolerance test (OGTT)

The OGTT is the most frequently used method 
for assessing glucose tolerance, insulin sensitivity and 
secretion. It has been widely used both in clinical prac-
tice and in research settings for a long time.

Following ADA guidelines, the test should be 
performed in the morning after at least 3 days of 
unrestricted diet and normal physical activity (14). 

To avoid false-positive results, decades-old literature 
recommends carbohydrate loading prior to OGTT, 
ensuring adequate carbohydrate intake (> 150 g/day 
and > 50 g the evening meal prior to the overnight 
fast). Low carbohydrate intake can contribute to im-
paired glucose metabolism via loss of first-phase insu-
lin secretion phase and reduced insulin sensitivity. In 
addition, smoking, caffeine consumption and exercise 
should be avoided immediately prior to OGTT, be-
cause they also may impact the results (14).

An overnight fast for 10-12 hours, during which 
only administration of water is allowed, should pre-
cede the test. The presence of factors that may influ-
ence test results (medication, infection etc.) should be 
avoided or recorded. After collection of the fasting 
blood  sample, the patient should drink 75 g of glu-
cose (anhydrous and not monohydrate) dissolved in 
250-300 mL of cold water.

For children, the test load is 1.75 g per kg of ideal 
body weight (max, dose 75 grams) in the form of a 
chilled, 25-30% solution. The timing of the test starts 
with the beginning of the drink, and the glucose should 
be consumed within 5 minutes (15). During the test, 
carbohydrates should not be consumed and the patient 
should remain seated or lying down throughout the 
2 hours of the test.

An extended glucose tolerance test may be con-
ducted to detect other abnormalities of glucose me-
tabolism and insulin secretion with samples taken at 
0, 30, 60, 90, 120 and 180 minutes. After the test is 
completed, the subject can resume usual life activities.

The analytical factors that could influence the 
OGTT results are its reproducibility (usually expressed 
as coefficient of variation) and bias (i.e., the difference 
from the true value, usually expressed as the percentage 
of the true value). To minimize the influence of these 
factors, a good laboratory test should conform to the 
specific analytical regulatory criteria, as recommended 
by the National Academy of Clinical Biochemistry 
(NACB). In particular, for glucose measurement, the 
recommended targets are imprecision < 2.9%, bias < 
2.2%, and total maximum allowable error <6.9%. Nev-
ertheless, even within these targets, there is no precise 
absolute estimate of the OGTT glucose levels and this 
theoretically impairs GD prevalence (16).
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hyperglycemia, the ADA recommends that the re-
sult should be confirmed with repeat testing or  
(c) a random glucose of ≥ 200 mg/dL (11.1 mmol/L) 
with  classic diabetes symptoms (19,20).

The mechanism behind IFG is still not fully un-
derstood, but IFG seems to be a result of impaired in-
sulin secretion, indicating β-cell dysfunction, and the 
result of hepatic IR (21) while IGT is primarily the 
result of pancreatic β-cell dysfunction and IR in skel-
etal muscle (22).

In adults, IFG is a predictor of T2-DM (23) 
and is associated with fatal and non-fatal cardiovas-
cular disease (24) and increased risk for cancers (25). 
IFG in obese children is associated with increased 
intima-media thickness which is considered a predic-
tive factor for atherosclerosis (26) .

In a large number of obese children and adoles-
cents (aged 2–18 years) in Germany (32,907 subjects) 
and in Sweden (2,726 subjects), the total prevalence of 
IFG in Germany according to ADA criteria was 5.7% 
and according to the WHO was 1.1%. In Sweden, the 
corresponding prevalence was 17.1% and 3.9%, re-
spectively. IFG risk correlated positively with increas-
ing age, male sex and degree of obesity (27).

In brief, the differences in the diagnostic cut-off 
points for the identification of IFG between ADA 

Current criteria for the diagnosis of prediabetes and 
diabetes mellitus (DM)

Prediabetes is an intermediate state of hypergly-
cemia with glycemic parameters between normal and 
diabetes threshold. Prediabetes remains a state of high 
risk for developing T2-DM in adults with an annual 
conversion rate of 5% -10% (17).

The World Health Organization (WHO) has de-
fined prediabetes as a state of intermediate hypergly-
cemia using two specific parameters: IFG, defined as 
fasting plasma glucose (FPG) of 110 to 125 mg/dL  
(6.1-6.9 mmol/L) and IGT defined as 2- h plasma 
glucose of 140-199 mg/dL (7.8-11.0 mmol/L) after 
OGTT (18) (Figure 1).

The ADA, on the other hand, has a lower cut-off 
value for IFG (100-125 mg/dL; 5.6 -6.9 mmol/L) but 
the same cut-off value for IGT (140-199 mg/dL), and, 
in addition, has a HbA1c level of 5.7% to 6.4% for 
the definition of prediabetes (19) (Figure 1). Because 
HbA1c is a measure of chronic hyperglycemia, it may 
reflect impairment in both fasting and 2-h glucose.

Both organizations define DM as: (a) a fast-
ing glucose of ≥126 mg/dL (≥ 7.0 mmol/L), or (b) 
a 2-hour glucose on an OGTT of ≥ 200 mg/dL  
(≥ 11.1 mmol/L). In the absence of unequivocal 

FPG

126 mg/dL

110 mg/dL

7.0 mmol/L

5.6 mmol/L

Prediabetes

NormalNormal

2 - Hour PG on OGTT

200 mg/dL

140 mg/dL

11.1 mmol/L

7.8 mmol/L

Diabetes 
Mellitus
Diabetes 
Mellitus

Impaired Glucose
Tolerance

NormalNormal

Diabetes MellitusDiabetes Mellitus

100 mg/dL
6.1 mmol/L

Figure 1. Current diagnostic criteria for the diagnosis of diabetes  mellitus 
and other categories of hyperglycaemia based on FPG and 2-hour PG  
on OGTT.
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patients, at 2-h after OGTT, was from 1.5 to 1.8-fold 
higher (32).

In another study, only 4 of 25 (16%) children and 
adults with newly diagnosed cystic fibrosis-related dia-
betes mellitus (CFRD) had elevated FPG (33). In any 
case prevalence of GD was positively related to age.

During an ongoing ICET-A retrospective study on 
GD in β-TM patients, we collected data on 397 patients 
(aged 5-40 years; 56.3% males) followed from January 
1988 to June 2021 (34). Both ADA and WHO criteria 
for IFG missed the diagnosis of thalassemia related dia-
betes (Th-RD) in 4 of 91 patients (4.3%) and 11 of 59 
patients (18.6%), respectively. Moreover, ADA criteria 
used for the diagnosis of IFG identified an additional 
group of patients with IGT. Although the identification 
of the optimal method for identifying patients at risk for 
deterioration of glucose homeostasis is still challenging, 
the recent retrospective personal observations confirm 
the utility of OGTT screening using ADA criteria for 
the detection of IGT and Th-RD in β-TM patients 
with normal fasting plasma glucose (FPG), preferably 
combined with assessment of insulin secretion, at 10, 
12, 14, and 16 years and annually thereafter. Venous 
blood samples for PG and insulin measurements should 
be collected at 0, 30, 60, and 120 min. (34).

Additional markers OGTT-derived to identify 
subjects at high-risk for GD

Recent studies have provided additional infor-
mation that can be obtained from the OGTT, which 
renders this test even more useful, especially in at-risk 
youth for whom prolonged and/or costly diagnostic 
testing may be challenging in the outpatient setting.

a. Delayed timing of post-load glucose: A peak 
>30 minutes is associated with decline of 
β-cell function, blunted incretin secretion, 
lower insulin sensitivity to glucose and FFA 
metabolism (35-37). It remains to be deter-
mined if late-peak glucose predicts the future 
development of type 2 diabetes in these high-
risk youth (38).

Thirty healthy adults underwent three 
replicate OGTTs to assess the reproducibility 

and WHO have left clinicians in a conundrum as to 
which diagnostic criteria should be used for a specific 
population. The lower threshold for IFG in the ADA 
guidelines compared with the WHO was established 
as the result of an inter-subjective consensus among 
numerous actors from different institutions and pro-
fessional groups.

Reproducibility of fasting plasma glucose  
and OGTT

Limited data are available on the reproducibility 
of the OGTT in children and adolescents.

A study in overweight children 4–7 yrs old showed 
that screening with FPG alone would have missed 
64% of children with GD (28).Youth with discord-
ant OGTTs, compared with those with concordant 
results, were more insulin resistant, had a lower oral 
disposition index (oDI) and had higher low-density 
lipoprotein cholesterol without differences in physi-
cal characteristics (29). However, these studies were 
hampered by small number of enrolled children and 
adolescents.

Kostopoulou et al. (30) reported in 81 children 
and adolescents (55 obese, 17 overweight and 9 with 
normal weight but positive family history of T2-DM), 
with mild or moderate disorders of glucose metabolism 
(such as IFG and IGT); in these patients a second test 
was needed to make an accurate diagnosis. However, 
when glucose metabolism was profoundly impaired, as 
in T2-DM, a single OGTT was more reliable and ad-
equate for establishing the diagnosis

Although, these studies were hampered by the 
small number of enrolled children and adolescents, 
they substantially support the ADA recommendation 
that a second OGTT should be performed to confirm 
the diagnosis of GD (4).

Very little is known in young patients with chronic 
diseases. Some information is available in patients 
with cystic fibrosis and β-thalassemia major. A high 
variability in glucose tolerance was observed over time 
in 4,643 standardized OGTTs of 1,128 cystic fibro-
sis (CF) patients [median age at first test: 15.5 (range: 
11.5 - 21.5) years, 48.8% females] (31). Compared to 
the general population, the overall variability in CF 



Acta Biomed 2022; Vol. 93, N. 5: e20223186

(≥ 0.25 mmol/L), have lower insulin sensitivity 
and decreased β-cell function compared with 
subjects with a biphasic OGTT glucose response 
curve [i.e., a second rise of glucose concentration 
of ≥ 4.5 mg/dL ( ≥ 0.25 mmol/L)] after the first 
decline in glucose) (44,45). A small percentage 
of individuals with an OGTT glucose response 
curve that does not fit either are designated as 
“unclassified” (Figure 2). This latter category is 
rare in children, ranging from 1% to 12% de-
pending on the study (44,45). The greater risk 
of type 1 diabetes in the monophasic group 
could be explained by a lower early C-peptide 
response, which has been shown to decline with 
progression to type 1 diabetes (46).

Data from 287 obese adolescents with-
out diabetes demonstrate that 56.8% had a 
monophasic OGTT glucose response curve, 
39.7% had a biphasic glucose response curve, 
and 3.5% had a gradual continuous rise or an 
incessant increase (47). The monophasic and 
unclassified curves, compared to the biphasic 
curve, are associated with lower insulin sen-
sitivity and decreased β-cell function (48). 
However, the application of simple shape 
changes to diagnosing prediabetes and/or dia-
betes is challenging, as described recently (49).

of the following parameters: time to insulin 
peak, shape of the glucose curve, glucose na-
dir below baseline, 1-h post-challenge glucose, 
and time to glucose peak. Of the five analyzed 
parameters, only time to glucose peak dis-
played reliable reproducibility on repeated 
testing (κ = 0.76) (39).

b. 1-h PG ≥ 155 mg/dL ( ≥ 8.6 mmol/L): This 
is considered an early and sensitive marker 
of dysglycemia (40) and is associated with a 
worse clinical and metabolic phenotype, char-
acterized by alterations in insulin sensitivity, 
β-cell function, and insulin clearance. It may 
prospectively predict progression to prediabe-
tes in obese youths with NGT (41). However, 
the 1-hr glucose threshold, used alone, had 
low diagnostic sensitivity (40%), increasing 
the risk of false negative diagnosis (42).

c. The shape of the glucose response curve during 
OGTT: This identifies physiologically distinct 
groups of individuals with abnormalities in in-
sulin secretion and insulin sensitivity (43)

Subjects with a monophasic OGTT glu-
cose response curve (i.e., a gradual increase in 
glucose concentrations between 30' and 90' 
min until a peak is reached, followed by a sub-
sequent decrease in glucose of ≥ 4.5 mg/dL  
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Figure 2. Shapes of the glucose curve: monophasic, biphasic and unclassified.
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secretion to increase in a compensatory manner. The 
calculated line linking these factors, which exhibit a 
square hyperbolic relationship, is commonly expressed 
as the ‘disposition index’ (DI, insulin sensitivity).

In early stages of GD, fasting and 2 h PG levels 
during an OGTT may be normal or slightly elevated, 
but the amount of insulin necessary to maintain this 
equilibrium is supra-physiological. Insulin resistance 
(IR) is an important risk factor for diabetes and other 
diseases (54). Because both insulin sensitivity and in-
sulin response have varying influences on the patterns 
of insulin concentration during an OGTT, these pat-
terns provide important and valuable information for 
predicting the subsequent development of T2-DM.

A multiplicity of mathematical representations 
calculating insulin sensitivity/resistance from glucose 
and insulin levels obtained during OGTT have been 
reported (55). The HOMA-IR and Matsuda insu-
lin sensitivity indices are widely utilized to quantify 
whole-body insulin resistance from fasting and aver-
age postprandial glucose/insulin levels respectively. 
However, in recent years, the increased recognition of 
tissue-specific insulin resistance leading to metaboli-
cally distinct phenotypes, has resulted in the develop-
ment of the hepatic insulin resistance index (HIRI) 
and muscle insulin sensitivity index (MISI) to quan-
tify hepatic and skeletal muscle insulin resistance from 
OGTT responses (55).

In conclusion, since IR occurs in multiple organs 
and in varying degrees, and since the interventions that 
improve IR are organ dependent (physical activity for 
muscle insulin resistance, metformin for hepatic insulin 
resistance, and weight loss and thiazolidinediones for 
muscle and hepatic insulin resistance), it is important 
to have simple method(s) that can assess the contribu-
tion of each organ to whole-body insulin resistance.

How to improve the reliability of OGTT

1. Pre-analytical phase of OGTT:

Pre-analytical variables begin with the request by 
the clinician, patient’s preparation, collection of pri-
mary samples, transportation to and within the labo-
ratory and end when the analytical procedures start. 

d. The glucose area under the curve (AUC): This 
has been applied in scientific reports to show 
the variations in increased blood glucose dur-
ing the OGTT. It is an index of whole glucose 
excursion after glucose loading and has been 
widely used for calculating the glycemic index 
and for evaluating the efficacy of medications 
for postprandial hyperglycemia (50,51). PG-
AUC can be calculated by trapezoidal approxi-
mation with the following formula. PG- AUC 
(mgh/dL) =PG (0) + PG (30) × 2+ PG (60) ×3 
+ PG (120) × 2/4. The cutoff value of the glu-
cose AUC for glucose intolerance screening in 
adults has been set at 290 mg-h/dL based on 
the analysis of ROC curves (52).

In conclusion, the OGTT is highly sensitive and 
specific for detecting glucose intolerance because it 
can demonstrate post-challenge glucose excursion. 
However, the 2-h PG levels, a criterion for glucose 
intolerance during OGTT, may not provide com-
plete information regarding the processing of PG af-
ter glucose loading. The combined use of three main 
morphological features of the glucose curve (time to 
glucose peak > 30 mins, 1- hr glucose concentration 
≥155 mg/dL ( ≥ 8.6 mmol/L), and the monophasic 
curve shape) can be used as biomarkers for prediabetes 
risk stratification. However, before these indices can be 
adopted as a mainstream prognostic tool, longitudinal 
analyses are needed.

Insulin response during OGTT and surrogates 
measures of β-cell function

During the OGTT, insulin action and secretion 
modulate the rate in increase and decrease of PG and 
the time required for PG to peak and to return to the 
fasting levels (2). First-phase insulin secretion and 
hepatic insulin resistance index (HIRI) are important 
determinants of the initial rise of PG following glu-
cose ingestion. The rate of decline in PG concentra-
tion back towards the fasting level seems to depend 
on late phase of insulin secretion and muscle insulin 
 sensitivity (53). When insulin sensitivity declines, 
the appropriate physiologic response is for insulin 
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diagnosis of T2-DM made by an OGTT gives a 
false positive result in a relatively small individual, 
and a false negative result in a relatively larger indi-
vidual (62). Therefore, adjustment for height and BMI 
is needed for accurate interpretation of OGTT (63).

Glucose can be measured in whole blood, serum, 
or plasma, but plasma is recommended for diagnosis 
(64). Plasma equivalent glucose (mmol/L or mg/dL)  
is equal to whole blood glucose (mmol/L or mg/dL)  
x 1.11. A decrease in hematocrit causes increase in 
plasma equivalent glucose concentration and vice 
versa. Moreover, once the blood is drawn, the concen-
tration of glucose will continue to decrease because of 
glycolysis, occurring in erythrocytes, white blood cells 
(WBCs), and platelets (65).

The loss of glucose in blood samples has been 
studied for many years (66). Glucose is lost through 
glycolysis at a rate of 5% –7%/h at concentrations 
near the reference interval. In absolute terms, a loss in 
 glucose of about 12 mg/dL (0.67 mmol/L) occurs at a 
concentration of 100 mg/dL (5.55 mmol/L) after 2 h 
at room temperature (67). Higher rates of loss occur 
commonly, such as with increased ambient tempera-
ture and in samples with high white blood cell counts.

The original recommendations of the WHO 
and ADA for the stabilization of blood glucose, indi-
cates the following: (a) immediate centrifugation and 
separation of plasma from blood cells, (b) immedi-
ate cooling of the sample tube in an ice-water slurry, 
and plasma separation within 30 min from blood 
draw (68,69). Guidelines recommend blood samples 
be immediately immersed in an ice slurry and analyzed 
within 30 minutes of collection, but this is difficult to 
achieve in patient care settings (69).

When fast separation of the cells is not possible, 
blood should be collected into a tube containing a 
glucose preservative. Sodium fluoride (NaF) is com-
monly used to inhibit glycolysis in samples collected 
during OGTT but is inadequate as it does not stop 
glycolysis for two or more hours (69). NaF can be used 
alone or with anticoagulants such as potassium oxa-
late,  ethylenediaminetetraacetic (EDTA), citrate, or 
lithium heparin. Another important disadvantage of 
NaF is its impact on erythrocyte integrity, as shown by 
data on cell-free hemoglobin. Overall, the percentage 
of significant hemolysis using this additive can be as 
high as 94% of all samples (70).

In order to minimize pre-analytical errors, subjects 
are advised to limit exercise the day before, to follow 
a 3-day diet with a minimum of 150 g of carbohy-
drate per day and maintain an overnight fast prior to 
the OGTT. A very low carbohydrate meal (6.7% car-
bohydrate, <10 grams) immediately prior to OGTT 
has been shown to alter OGTT results. The mecha-
nisms of how low-carbohydrate diets impact glucose 
metabolism are complex and incompletely understood. 
Some proposed that the mechanism is in part due to 
loss of first-phase insulin release resulting in decreased 
peripheral and hepatic glucose uptake and incomplete 
suppression of hepatic glucose production (15).

Previous studies have shown that the time of 
day for the glucose measurement and fasting dura-
tion influence the glucose level in adults (56,57). For 
a random blood glucose sample a fasting duration of 
5-6 hours seems to be sufficient for a reliable blood 
glucose measurement (58) and an overnight fast > 8 h 
for assessing GD after OGTT (59).

Very little is known about increasing palatability 
of oral glucose solutions (OGS) and thus improving 
compliance to testing. Polycal® liquid is flavoured and 
may be more palatable. When calculating the dose 
for children, Polycal® (113 mL) should be followed by 
150 mL water (total volume should be 250- 300mL). 
Polycal® contains 0.66 g anhydrous glucose per mL (or 
1.51 mL contains 1g anhydrous glucose). Rapilose® 
OGTT solution comes in liquid form and is available 
in a ready-to-use 300 mL pouch containing 75 g anhy-
drous glucose. Rapilose® has be customised for patients 
with a body weight ≥ 43 kg where they should consume 
the entire contents of one pouch, but patients who 
weigh under 43 kg should have the volume adjusted ac-
cordingly. Lucozade® solution contains caffeine which 
may affect glucose metabolism. However, it has been 
suggested that the composition of OGS, including the 
excipients added to improve taste and smell, can have 
a potential impact on blood glucose level and endog-
enous insulin secretion after OGTT (60).

Body size has a negative inverse association with 
2h PG concentration in an OGTT even within a 
physiological plasma glucose range. This may cause 
underestimation of glucose disorders in individuals 
with larger body surface area (BSA) and overesti-
mation in individuals with smaller BSA when using 
an OGTT (61). Therefore, it is a possibility that the 
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of the true value). To minimize these factors, a good 
laboratory test should conform with specific analytical 
regulatory criteria, as recommended by the National 
Academy of Clinical Biochemistry (NACB) (66,69).

Conclusion

The complexity of diagnosis and treatment of GD 
require that healthcare professionals have specific and 
expertise knowledge to perform rigorous assessment 
of glucose metabolism. According to Walshaw (77), 
“a screening test should have a high sensitivity and a 
high specificity. Furthermore, it needs to be relevant 
to the condition in question, be efficient to carry out, 
and, if possible, be the ‘gold standard’ for that particu-
lar condition”. The measurement of PG plays a cen-
tral role in recognizing disturbances in carbohydrate 
metabolism, with established decision limits that are 
globally accepted. This requires that PG results be reli-
able and unequivocally valid no matter where they are 
obtained. Although FPG is more practical and less 
expensive compared to OGTT, the latter might be 
of greater utility in the detection of prediabetes and 
diabetes as reported by Chan et al. (78) but not con-
firmed by Fœrch et al. (79). On the other hand, dur-
ing an OGTT, morphological features of the glucose 
curve (monophasic curve, glucose peak >30 minutes 
and 1-hour glucose ≥ 155 mg/dL) have been associ-
ated with higher prediabetes risk.

In general, the OGTT remains the preferred 
screening method because it is more sensitive for dia-
betes than the FPG although its reproducibility is 
poor.

The recommended preparation for, and admin-
istration of, the OGTT should be carefully followed 
to ensure precise results. A number of preanalytical 
factors like sample type, transport conditions, time to 
analysis, temperature and type of test tube that can 
influence glucose concentration should be consid-
ered. Each factor introduces a certain degree of vari-
ability. To minimize influence of these factors, a good 
laboratory test should conform with specific analytical 
regulatory criteria, as recommended by the National 
Academy of Clinical Biochemistry (NACB) (69). It 
is important to keep in mind that during OGTT, sub-
jects with glucose values closer to the cut-off values of 

There have been many studies to see if the gly-
colytic process can be minimized and several types of 
additives have been considered (71-74). The use of cit-
rate buffer, a strong inhibitor of hexokinase, an enzyme 
located upstream in the glycolytic pathway, seems to 
produce more reliable measurements of PG in samples 
left uncentrifuged for over 30 min (70). A recent sys-
temic review, made by Hal-Hinai et al.(75), reported 
that the mixture tubes (venosafe, gluco EXACT and 
Glucomedic) gave the best results for glucose stabil-
ity. If the mixture tubes are not available, the use of a 
sample tube containing rapid glycolysis inhibitor (such 
as citrate buffer)is suggested.

In summary, careful attention to the pre-analytical 
phase variables is essential to ensure accurate glucose 
measurements. Blood samples should be drawn in the 
morning after an overnight fast. When fast separation 
of the cells is not possible, blood should be collected 
into a tube containing a glucose preservative. The re-
cent recommendation for stabilization of blood glu-
cose is the use of tubes containing a rapid glycolysis 
inhibitor, i.e. citrate/EDTA buffer, which inhibits the 
upstream enzymes involved in glycolysis unlike NaF 
which inhibits the downstream enzyme and allows 
glycolysis to continue for a considerable time.

2. Analytical phase

Glucose is measured almost exclusively by en-
zymatic methods. Specific and sensitive enzymatic 
assays, routinely used for the plasma glucose meas-
urement, have considerably improved the quality pa-
rameters, in both accuracy and reproducibility terms. 
The principal used analytical methods for glucose 
determination are enzymatic assays, based on the 
hexokinase (recommended) or on the glucose oxidase 
reaction. These methods are highly standardized with 
an inter-laboratory imprecision (CV) < 2.6%,which is 
the gold standard enzymatic method for glucose esti-
mation (76).

3. Post-analytical phase

Analytical factors that could influence the OGTT 
results are its reproducibility (usually expressed as co-
efficient of variation) and bias (i.e., the difference from 
the true value, usually expressed as the percentage 
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thology and clinical sequelae. Postgrad Med 2012;124:90-7.
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13. Nam HK, Cho WK, Kim JH, et al. HbA1c Cutoff for Pre-
diabetes and Diabetes Based on Oral Glucose Tolerance 
Test in Obese Children and Adolescents. J Korean Med Sci 
2018;33(12):e93.

14. Klein KR, Walker CP, McFerren AL, Huffman H, Frohlich 
F, Buse JB. Carbohydrate Intake Prior to Oral Glucose Tol-
erance Testing. J Endocr Soc 2021;5(5):bvab049.

15. Jagannathan R, Neves JS, Dorcely B, et al. The Oral Glu-
cose Tolerance Test: 100 Years Later. Diabetes Metab Syndr 
Obes 2020;13:3787-805.

16. Sacks DB. Carbohydrates. In: Burtis CA, Ash-wood ER, 
Bruns DE, eds. Tietz textbook of clinical chemistry and 
molecular diagnostics. 4th ed. St. Louis: Elsevier Saunders 
2006, pp. 837– 902.

17. Bansal N. Prediabetes diagnosis and treatment: A review. 
World J Diabetes 2015;6:296-303.

18. World Health Organization. Classification of diabetes mel-
litus. Geneva: World Health Organization; 2019.

19. American Diabetes Association. 2. Classification and 
Diagnosis of Diabetes: Standards of Medical Care in 
Diabetes-2021. Diabetes Care 2021;44 (Suppl 1):S15-S33.

20. Chatterton H, Younger T, Fischer A, Khunti K; Programme 
Development Group. Risk identification and interventions 
to prevent type 2 diabetes in adults at high risk: summary of 
NICE guidance. BMJ 2012;345: e4624

21. Cali AM, Bonadonna RC, Trombetta M, Weiss R, Caprio 
S. Metabolic abnormalities underlying the different predia-
betic phenotypes in obese adolescents. J Clin Endocrinol 
Metab 2008;93:1767–73.

22. Nathan D M, Davidson MB, DeFronzo RA, et al. Impaired 
fasting glucose and impaired glucose tolerance: Implications 
for care. Diabetes Care 2007;30:753–9.

23. Qiao Q, Lindstrom J, Valle TT, Tuomilehto J. Progression 
to clinically diagnosed and treated diabetes from impaired 
glucose tolerance and impaired fasting glycaemia. Diabet 
Med 2003;20:1027–33.

24. Levitan EB, Song Y, Ford ES, Liu S. Is nondiabetic hy-
perglycemia a risk factor for cardiovascular disease? 
A meta-analysis of prospective studies. Arch Intern Med 
2004;164:2147–55.

criteria reported by WHO or ADA require a pedantic 
close attention in order to avoid GD misclassification 
and unnecessary intervention. That is why the ADA 
recommends a second test to confirm the diagnosis of 
diabetes.

Conflict of Interest Statement : Each author declares that he or 
she has no commercial associations (e.g. consultancies, stock owner-
ship, equity interest, patent/licensing arrangement etc.) that might 
pose a conflict of interest in connection with the submitted article.

Ethics: The updated article did not require Ethical Committee 
approval.

Author Contributions: VDS reviewed the literature and wrote the 
first draft. ATS, SD, PT, SDM and CK contributed actively to the 
text editing and improvement of content. All the authors approved 
the final version of manuscript.

References

1. Genuth SM, Palmer JP, Nathan DM. Classification and 
Diagnosis of Diabetes. In: Cowie CC, Casagrande SS, et al. 
Editors. Diabetes in America. 3rd ed. Bethesda (MD): 
 National Institute of Diabetes and Digestive and Kidney 
Diseases (US); 2018.

2. Pettitt DJ, Talton J, Dabelea D, et al.; SEARCH for Dia-
betes in Youth Study Group. Prevalence of diabetes in U.S. 
youth in 2009: the SEARCH for Diabetes in Youth Study. 
Diabetes Care 2014;37:402–8.

3. Garvick S, Altenburg L, Dunlap B, Fisher A, Watson A, 
Gregory T. Diagnosis and management of type 2 diabetes in 
children. JAAPA 2022;35:16-22.

4. American Diabetes Association. 2. Classification and diag-
nosis of diabetes: standards of medical care in  diabetes–2020. 
Diabetes Care. 2020; 43 (Suppl 1):S14–S31.

5. De Sanctis V, Daar S, Soliman AT, et al. Screening for 
glucose dysregulation in β-thalassemia major (β-TM): An 
update of current evidences and personal experience. Acta 
Biomed 2022;93(1):e2022158.

6. Jang T, Mo G, Stewart C, et al. Obesity and diabetes mel-
litus in patients with sickle cell disease. Ann Hematol 
2021;100:2203-5.

7. Khare S, Desimone M, Kasim N, Chan CL. Cystic 
fibrosis-related diabetes: Prevalence, screening, and diagno-
sis. J Clin Transl Endocrinol 2021;27:100290.

8. Moran A, Pillay K, Becker D, Granados A, Hameed 
S, Acerini CL. ISPAD Clinical Practice Consensus 
Guidelines 2018: Management of cystic fibrosis-related 



Acta Biomed 2022; Vol. 93, N. 5: e2022318 11

on the oral glucose tolerance test: reproducibility and im-
plications for glucose homeostasis in individuals with and 
without diabetes. Diabetes Res Clin Pract 2014;105:88-95.

40. Bergman M, Abdul-Ghani M, DeFronzo RA, et al. Review 
of methods for detecting glycemic disorders. Diabetes Res 
Clin Pract. 2020;165:108233.

41. Tricò D, Galderisi A, Mari A, Santoro N, Caprio S. 
One-hour post-load plasma glucose predicts progression to 
prediabetes in a multi-ethnic cohort of obese youths. Diabe-
tes Obes Metab. 2019;21:1191-8.

42. Kasturi K, Onuzuruike AU, Kunnam S, Shomaker LB, 
Yanovski JA, Chung ST. Two- vs one-hour glucose toler-
ance testing: Predicting prediabetes in adolescent girls with 
obesity. Pediatr Diabetes.2019; 20:154-9.

43. Kim JY, Coletta DK, Mandarino LJ, Shaibi GQ. Glucose 
response curve and type 2 diabetes risk in Latino adoles-
cents. Diabetes Care 2012;35: 1925–30.

44. Nolfe G, Spreghini MR, Sforza RW, Morino G, Manco M. 
Beyond the morphology of the glucose curve following an 
oral glucose tolerance test in obese youth. Eur J Endocrinol 
2012;166: 107–14.

45. Bervoets L, Mewis A, Massa G. The shape of the plasma 
glucose curve during an oral glucose tolerance test as an 
indicator of beta cell function and insulin sensitivity in 
end-pubertal obese girls. Horm Metab Res 2015;47:445–51.

46. 46 Ismail HM, Xu P, Libman IM, et al. Type 1 Diabetes 
TrialNet Study Group. The shape of the glucose concentra-
tion curve during an oral glucose tolerance test predicts risk 
for type 1 diabetes. Diabetologia. 2018;61:84-92.

47. Kim JY, Michaliszyn SF, Nasr A, et al. The shape of the 
glucose response curve during an oral glucose tolerance test 
heralds biomarkers of type 2 diabetes risk in obese youth. 
Diabetes Care 2016; 39:1431–9.

48. Bergman M, Manco M, Sesti G, et al. Petition to replace 
current OGTT criteria for diagnosing prediabetes with the 
1-hour post-load plasma glucose ≥ 155 mg/dl (8.6 mmol/L) 
Diabetes Res Clin Pract 2018;146:18–33.

49. Cheng KC, Li Y, Cheng JT. Limitations of Oral Glu-
cose Tolerance Test in Animal Studies. J Diabetes Treat 
2018:JDBT–146.

50. Standards Australia . Australian standard glycemic index of 
food. Sydney: Standards Australia; 2007.

51. Terra SG, Somayaji V, Schwartz S, et al. A dose-ranging 
study of the DPP-IV inhibitor PF-734200 added to met-
formin in subjects with type 2 diabetes. Exp Clin Endo-
crinol Diabetes 2011;119:401–7.

52. Sakaguchi K, Takeda K, Maeda M, et al. Glucose area under 
the curve during oral glucose tolerance test as an index of 
glucose intolerance. Diabetol Int 2015;7:53-8.

53. Abdul-Ghani MA, Matsuda M, Balas B, DeFronzo RA. 
Muscle and liver insulin resistance indexes derived from 
the oral glucose tolerance test. Diabetes Care 2007; 30: 
89–94.

54. Al-Beltagi M, Bediwy AS, Saeed NK. Insulin-resistance 
in paediatric age: Its magnitude and implications. World J 
Diabetes 2022;13:282-307.

25. Jee SH, Ohrr H, Sull JW, Yun JE, Ji M, Samet JM. Fast-
ing serum glucose level and cancer risk in Korean men and 
women. JAMA 2005;293:194–202.

26. Reinehr T, Kiess W, de Sousa G, Stoffel-Wagner B, Wunsch 
R. Intima media thickness in childhood obesity: relations to 
inflammatory marker, glucose metabolism, and blood pres-
sure. Metabolism 2006; 55: 113–8.

27. Hagman E, Reinehr T, Kowalski J, Ekbom A, Marcus C, 
Holl RW. Impaired fasting glucose prevalence in two na-
tionwide cohorts of obese children and adolescents. Int 
J Obes (Lond) 2014;38:40-5.

28. Ehtisham S, Shaw N, Kirk J, Barrett T. Development of 
an assessment tool for screening children for glucose in-
tolerance by oral glucose tolerance test. Diabetes Care 
2004;27:280–1.

29. Libman IM, Barinas-Mitchell E, Bartucci A, Robertson 
R, Arslanian S. Reproducibility of the Oral Glucose Toler-
ance Test in Overweight Children. Clin Endocrinol Metab 
2008;93:4231–7.

30. Kostopoulou E, Skiadopoulos S, Partsalaki I, Rojas Gil 
AP, Spiliotis BE. Repetitiveness of the oral glucose toler-
ance test in children and adolescents. World J Clin Pediatr 
2021;10:29-39.

31. Scheuing N, Holl RW, Dockter G, et al. High vari-
ability in oral glucose tolerance among 1,128 patients with 
cystic fibrosis: a multicenter screening study. PLoS One 
2014;9 (11):e 112578.

32. Selvin E, Crainiceanu CM, Brancati FL, Coresh 
J.Short-term variability in measures of glycemia and impli-
cations for the classification of diabetes. Arch Intern Med 
2007;167: 1545–51.

33. Lanng S, Hansen A, Thorsteinsson B, Koch C. Glucose tol-
erance in patients with cystic fibrosis: five year prospective 
study. BMJ 1995; 311:655–9.

34. De Sanctis V, Daar S, Soliman AT, Tzoulis P, Karimi M, 
Di Maio S, Kattamis C. Screening for glucose dysregula-
tion in β-thalassemia major (β-TM): An update of cur-
rent evidences and personal experience. Acta Biomed. 
2022;93(1):e2022158.

35. Kramer CK, Ye C, Hanley AJ, et al. Delayed timing of 
post-challenge peak blood glucose predicts declining 
beta cell function and worsening glucose tolerance over 
time: insight from the first year postpartum. Diabetologia 
2015;58:1354-62.

36. Chung ST, Ha J, Onuzuruike AU, et al. Time to glucose 
peak during an oral glucose tolerance test identifies predia-
betes risk. Clin Endocrinol (Oxf ) 2017;87:484–91.

37. Lin YC, Chen HS. Longer time to peak glucose during the 
oral glucose tolerance test increases cardiovascular risk score 
and diabetes prevalence. PLoS One 2017;12:e0189047.

38. Kim JY, Tfayli H, Bacha F, et al. β-cell function, incretin re-
sponse, and insulin sensitivity of glucose and fat metabolism 
in obese youth: Relationship to OGTT-time-to-glucose-
peak. Pediatr Diabetes 2020;21:18-27.

39. Kramer CK, Vuksan V, Choi H, Zinman B, Retnakaran R. 
Emerging parameters of the insulin and glucose response 



Acta Biomed 2022; Vol. 93, N. 5: e202231812

determination: effect of tube additives. Adv Clin Chem 
2018;84:101–23.

71. Norman M, Jones I. The shift from fluoride/ oxalate to 
acid citrate/fluoride blood collection tubes for glucose 
testing - the impact upon patient results. Clin Biochem 
2014;47:683– 5.

72. van den Berg SA, Thelen MH, Salden LP, van Thiel SW, 
Boonen KJ. It takes acid, rather than ice, to freeze glucose. 
Sci Rep 2015;5:8875.

73. Bonetti G, Cancelli V, Coccoli G, et al. Which sample tube 
should be used for routine glucose determination? Prim 
Care Diabetes 2016;10: 227–32.

74. van Balveren JA, Huijskens MJ, Gemen EF, Peque-
riaux NC, Kusters R. Effects of time and temperature 
on 48 routine chemistry, haematology and coagulation 
analytes in whole blood samples. Ann Clin Biochem 
2017;54:448–62.

75. Hal-Hinai H, Al-Ghatreefy O, Al Jafari S, Al Hadabi S, 
Sadek H. Glucose Estimation: The most suitable blood 
collection tube for glucose estimation.J Med Sc Clin Res 
2019;7:394-404.

76. Burtis CA, Ashwood ER, Bruns DE. Tietz textbook of 
clinical chemistry and molecular diagnostics-e-book. 
 Amsterdam: Elsevier Health Sciences; 2012.

77. Walshaw M. Routine OGTT screening for CFRD - no 
thanks. J R Soc Med 2009;102 (Suppl 1):40-4.

78. Chan CL, Pyle L, Newnes L, Nadeau KJ, Zeitler PS, Kel-
sey MM. Continuous glucose monitoring and its relation-
ship to hemoglobin A1c and oral glucose tolerance testing 
in obese and prediabetic youth. J Clin Endocrinol Metab 
2015;100:902-10.

79. Fœrch K, Amadid H, Bruhn L, et al. Discordance Between 
Glucose Levels Measured in Interstitial Fluid vs in Venous 
Plasma After Oral Glucose Administration: A Post-Hoc 
Analysis From the Randomised Controlled PRE-D Trial. 
Front Endocrinol (Lausanne) 2021;12:753810.

Correspondence:
Received: 24 July 2022
Accepted: 24 August 2022
Vincenzo De Sanctis, MD
Coordinator of the International Network of  
Clinicians for Endocrinopathies in Thalassemia  
and Adolescence Medicine (ICET-A)  
and Adolescent Outpatient Clinic,  
Quisisana Hospital - Ferrara, Italy
Via Paolo V, 25 - 44121 Ferrara, Italy
Tel: +39 0532 770243
E-mail: vdesanctis@libero.it
ORCID: 0000-0002-6131-974X

55. Erdős B, van Sloun B, Adriaens ME, et al. Personalized 
computational model quantifies heterogeneity in postpran-
dial responses to oral glucose challenge. PLoS Comput Biol 
2021;17(3): e1008852.

56. Pasqualetti S, Braga F, Panteghini M. Pre-analytical and 
analytical aspects affecting clinical reliability of plasma glu-
cose results. Clin Biochem 2017;50:587-94.

57. Troisi RJ, Cowie CC, Harris MI. Diurnal variation in fasting 
plasma glucose: implications for diagnosis of diabetes in pa-
tients examined in the afternoon. JAMA 2000;284:3157–9.

58. Almomin AMS, Odhaib SA, Altemimi MT, et al. Serum 
Glucose Measurement after Five to Six Hours is Compa-
rable to Eight Hours Fasting in Ramadan. Sultan Qaboos 
Univ Med J 2022;22:123-8.

59. Moebus S, Göres L, Lösch C, Jöckel KH. Impact of time 
since last caloric intake on blood glucose levels. Eur J Epi-
demiol 2011;26: 719–28.

60. Heinemann L. Are all glucose solutions used for oGTT 
equal? Diabet Med 2022;39(5):e14798.

61. Palmu S, Kuneinen S, Kautiainen H, Eriksson JG,  Korhonen 
PE. Body surface area may explain sex differences in find-
ings from the oral glucose tolerance test among subjects 
with normal glucose tolerance. Nutr Metab Cardiovasc Dis 
2021;31:2678-84.

62. Palmu S, Rehunen S, Kautiainen H, Eriksson JG, Korhonen 
PE. Body surface area and glucose tolerance - The smaller 
the person, the greater the 2-hour plasma glucose. Diabetes 
Res Clin Pract 2019;157:107877.

63. Sicree RA, Zimmet PZ, Dunstan DW, Cameron AJ, 
 Welborn TA, Shaw JE. Differences in height explain gender 
differences in the response to the oral glucose tolerance test- 
the Aus Diab study. Diabet Med 2008; 25:296-302.

64. Higgins C. Measurement of circulating glucose: The prob-
lem of inconsistent sample and methodology. Acute care 
testing.org 2008;1-9.

65. D’Orazio P, Burnett R Fogh-Anderson N, et al. Approved 
IFCC recommendation on reporting results for blood glu-
cose. Clin Chem Lab Med 2006; 44: 1486-89.

66. Sacks DB. Carbohydrates. In: Burtis CA, Ash-wood ER, 
Bruns DE, eds. Tietz textbook of clinical chemistry and 
molecular diagnostics. 4th ed. St. Louis: Elsevier Saunders; 
2006. pp. 837– 902.

67. Chan AYW, Swaminanthan R, Cockram CS. Effectiveness 
of sodium fluoride as a preservative of glucose in blood. Clin 
Chem 1989;35:315–7.

68. World Health Organization (WHO). Definition and Di-
agnosis of Diabetes Mellitus and Intermediate Hyperglyce-
mia: Report of a WHO/IDF Consultation. Geneva: World 
Health Org. 2006.

69. Sacks DB, Arnold M, Bakris GL, et al. Guidelines and 
recommendations for laboratory analysis in the diagno-
sis and management of diabetes mellitus. Clin Chem. 
2011;57:e1-47

70. Lippi G, Nybo M, Cadamuro J, Guimaraes JT, van 
Dongen-Lases E, Simundic AM.Blood glucose 


