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Abstract

Diabetes mellitus is one of the most common chronic diseases worldwide, and its diagnosis is often laboratory-based. Continuous monitoring and glycemic 
control reduce micro/macrovascular complications and the overall impact of diabetes. Therefore, understanding the latest advances in diabetes diagnosis 
is essential. This narrative review, based on a literature search on the PubMed database using the descriptors in both English and Portuguese, “diabetes”, 
“diabetes mellitus”, “gestational diabetes”, “diabetes diagnosis”, “glucose overload tolerance”, “OGTT” and “glycemic curve”, aims to discuss current criteria 
for diabetes diagnosis, including gestational diabetes, and to highlight the laboratory assays used in diabetes, with an emphasis on glucose load tests.  
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Resumo

O Diabetes mellitus é uma das mais comuns doenças crônicas no mundo e o diagnóstico é frequentemente laboratorial. O monitoramento constante 
e o controle glicêmico reduzem as complicações micro/macrovasculares e os impactos do diabetes. Portanto, compreender o que há de mais atual 
em relação ao diagnóstico do diabetes é fundamental. Esta revisão narrativa, baseada na busca de literatura na base de dados PubMED utilizando os 
descritores, em inglês e português, “diabetes”, “diabetes mellitus”, “diabetes gestacional”, “diagnóstico do diabetes”, “teste de sobrecarga de glicose”, “TTGO” 
e “curva glicêmica”, tem por objetivo abordar os critérios atuais para o diagnóstico do diabetes, incluindo o diabetes gestacional, e destacar os ensaios 
laboratoriais utilizados no diabetes, com ênfase nos testes de sobrecarga de glicose. 
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INTRODUCTION

Diabetes mellitus refers to a heterogeneous group of 
metabolic disorders caused by insufficient and/or ineffective 
insulin action, leading to chronic hyperglycemia.(1)

Diabetes is characterized by a prolonged subclinical phase 
defined by hyperglycemia, which may remain undiagnosed 
without screening or other early detection mechanisms. 
In all types of diabetes, the primary goal to minimize the 
consequences of chronic hyperglycemia is glycemic control.
(2) For this reason, clinical laboratory testing is essential for 
the diagnosis and monitoring of this condition.

Three laboratory tests are used for diagnostic purposes: 
fasting glucose (FG), random glucose (RG), the oral glucose 
tolerance test (OGTT), and glycated hemoglobin A1c (HbA1c).(3)

The measurement of fasting plasma glucose after an 
8-hour fasting period provides information on glycemic 
concentration at the time of collection, reflecting glucose 
regulation in the post-absorptive state, where an increased 
glucagon/insulin ratio is expected in the plasma. HbA1c 
reflects the average glycemia over the past 2 to 3 months, 
assessing long-term glycemic status. The OGTT, in turn, 
evaluates glucose metabolism and the insulin release 
response following a controlled glucose load.(4) Each test 
has advantages and disadvantages that must be carefully 
considered.

This narrative review, based on a literature search on 
the PubMed database using descriptors in both English and 
Portuguese, such as "diabetes," “diabetes mellitus,” “gestational 
diabetes,” "diabetes diagnosis," "glucose tolerance test," "OGTT," 
and “glycemic curve,” aims to provide information on current 
criteria for diabetes diagnosis, including gestational diabetes, 
and to highlight the laboratory assays used in diabetes, 
with an emphasis on glucose load tests, underscoring their 
differences, purposes, and limitations.  

CURRENT CRITERIA FOR THE LABORATORY 
DIAGNOSIS OF DIABETES  

In March 2024, the International Diabetes Federation (IDF) 
released a position statement consolidating evidence that 
plasma glucose levels measured one hour after an oral glucose 
load (OGTT-1h) are more effective for classifying glycemic 
status compared to isolated FG or HbA1c measurements. 
Moreover, OGTT-1h facilitates the early detection of individuals 
at increased risk of progressing to type 2 Diabetes mellitus 
(T2DM), a condition also known as prediabetes.  

Several studies have supported the recommendation of 
OGTT-1h for the diagnosis of diabetes and prediabetes, as it 
serves as a more sensitive predictor of T2DM, cardiovascular 
disease, microangiopathy, and mortality compared to 
previously used criteria.(5-9) Of particular note is a meta-analysis 
of 15 studies involving a total of 35,551 participants, including 
both Caucasian and non-Caucasian ethnic groups (46.2%), 
such as Amerindians, Japanese, Mexican Americans, and 
South Asians. This study identified that an OGTT-1h threshold 
of 209 mg/dL demonstrated good sensitivity and specificity 
for detecting T2DM. At the cutoff value of 209 mg/dL (95% 
CI: 10.6, 12.6), a sensitivity of 0.92 (0.87, 0.95), specificity of 
0.91 (0.88, 0.93), and an area under the curve (AUC) of 0.939 
(95% confidence region for sensitivity, 0.904, 0.946) were 
observed, along with a positive predictive value of 45%.(10)

Based on these premises, the IDF position statement 
recommends using OGTT-1h glycemia with validated 
cutoff points of 155 mg/dL (8.6 mmol/L) for intermediate 
hyperglycemia and ≥209 mg/dL (11.6 mmol/L) to characterize 
T2DM. Intermediate hyperglycemia, or “prediabetes,” 
represents a state between “normal” glycemia and levels 
diagnostic for diabetes. It encompasses impaired fasting 
glucose and impaired glucose tolerance.(11)

In Brazil, the current laboratory criteria for the diagnosis 
of diabetes and prediabetes take this new cutoff into account 
and are defined as follows: fasting plasma glucose of 126 mg/
dL or higher, HbA1c of 6.5% or higher, OGTT-1h glucose of 
209 mg/dL or higher, or OGTT-2h glucose of 200 mg/dL or 
higher. If only one test is abnormal, it should be repeated 
for confirmation. In the presence of typical hyperglycemia 
symptoms (polyuria, polydipsia, polyphagia, rapid weight 
loss, or ketoacidosis), it is recommended that the diagnosis 
be made with a random plasma glucose measurement of 
200 mg/dL or higher (Table 1).(4)  

Table 1
Laboratory criteria for the diagnosis of diabetes and prediabetes

Criteria Normal Prediabetes Diabetes

Fasting Glucose * < 100mg/dL 100-125mg/dL ≥ 126mg/dL

Random Glucose ** - - ≥ 200mg/dL

1-hour OGTT Glucose # < 155mg/dL 155-208mg/dL ≥ 209mg/dL

2-hour OGTT Glucose # < 140mg/dL 140-199mg/dL ≥ 200mg/dL

HbA1c < 5.7 % 5.7-6.4% ≥ 6.5 %

Legend: OGTT: oral glucose tolerance test; HbA1c: glycated hemoglobin A1c. *Associated with classic diabetes 
symptoms. **Fasting is defined as the cessation of caloric intake for 8 to 12 hours. Oral load equivalent to 75g of 
anhydrous glucose diluted in water.

Source: Adapted from Rodacki et al., 2024.(4)
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LABORATORY DIAGNOSIS OF GESTATIONAL 
DIABETES 

Gestational Diabetes mellitus (GDM) is defined as 
carbohydrate intolerance that begins during pregnancy 
but does not meet the diagnostic criteria for diabetes outside 
of pregnancy.(12)  

The diagnosis of GDM has also evolved over the years 
to identify hyperglycemia first detected during pregnancy. 
Two categories can be distinguished during pregnancy: overt 
diabetes, which is only evident during pregnancy, or GDM.(12)

In 1979, the National Diabetes Data Group (NDDG) 
recommended conducting a challenge test involving the 
administration of 50g of glucose and measuring blood 
glucose after 1 hour during the first prenatal visit for 
pregnant women with risk factors, known as the O'Sullivan 
test. This test aimed to diagnose GDM before 24 to 28 weeks 
of gestation, identifying early-onset gestational diabetes. If 
the result was positive, a 3-hour OGTT with a 100g glucose 
load would be performed.(13)

In 2010, the International Association of the Diabetes and 
Pregnancy Study Groups (IADPSG) developed new diagnostic 
criteria for GDM based on the results of the prospective 
Hyperglycemia and Adverse Pregnancy Outcome (HAPO) 
study. The IADPSG criteria proposed using a FG value of 92 to 
126 mg/dL during the first 24 weeks of pregnancy to define 
early-onset GDM. This threshold is identical to the one used 
after 24 weeks of pregnancy.(14)

In 2011, the American Diabetes Association (ADA) and, 
in 2013, the World Health Organization (WHO) adopted the 
IADPSG criteria for the diagnosis of GDM.(15) However, WHO 
noted that if the post-load glucose is ≥ 200 mg/dL, it would be 
defined as diabetes diagnosed in pregnancy (overt diabetes) 
rather than GDM.(12)

In 2017, the Brazilian Diabetes Society (SBD), together 
with the Brazilian Federation of Gynecology and Obstetrics 
Associations (FEBRASGO), the Pan American Health 
Organization (PAHO), and the Ministry of Health of Brazil, 
established a joint proposal for the standardization of GDM 
screening and diagnosis in the country. The Brazilian criteria 
were adapted from the WHO criteria,(16) as outlined in the 
flowchart in Figure 1.

In the first prenatal visit for pregnant women with no 
prior knowledge of a diabetes diagnosis, it is recommended 
to perform a FG test to detect overt diabetes and early-onset 
GDM. The diagnosis of GDM should be considered in pregnant 
women with FG levels between 92 mg/dL and 125 mg/dL at any 
point during pregnancy. For all pregnant women without a prior 
diabetes diagnosis, regardless of risk factors, it is recommended 
that GDM diagnostic testing be performed between the 24th 
and 28th weeks of gestation through an OGTT with plasma 
glucose measurements in fasting, 1 hour, and 2 hours after 
ingestion of 75g anhydrous glucose. During GDM screening after 
the 24th week, if the 2-hour glucose level in the 75g OGTT is ≥ 
200 mg/dL, the presence of diabetes diagnosed in pregnancy 
(overt diabetes) should be considered rather than GDM.(16)

Figure 1
Classification of hyperglycemia in pregnant women without a previously diagnosed diabetes condition.

Legend: DM: Diabetes mellitus; OGTT: oral glucose tolerance test. Source: Adapted from Zajdenverg et al., 2024.(16)
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Other strategies are recommended by international 
organizations, such as the American College of Obstetricians 
and Gynecologists (ACOG), which endorsed a two-step 
approach, known as the two-step strategy.(17) In other words, 
the diagnosis of GDM can be performed using either of the 
two strategies: 1. One-step strategy: the 75g OGTT derived 
from the IADPSG criteria, mentioned earlier, or 2. Two-step 
strategy: an older “two-step” approach with a 50g screening 
test, without fasting, followed by a 100g OGTT for those with a 
positive screening result. This strategy is based on the criteria 
of O'Sullivan and Mahan.(3)

In the one-step strategy, the OGTT is performed with 75g 
of glucose, and the diagnosis of GDM is made when any of 
the following plasma glucose values are met or exceeded: 
fasting plasma glucose ≥ 92mg/dL, 1-hour plasma glucose 
≥ 180mg/dL, 2-hour plasma glucose ≥ 153mg/dL. In the 
two-step strategy, if the 1-hour plasma glucose after the 
50g glucose load, without fasting, performed between the 
24th and 28th weeks of gestation in individuals without a 
previous diabetes diagnosis is ≥ 130, 135, or 140mg/dL, a 
second step is performed; the 100g OGTT after fasting. In 
this case, the diagnosis of GDM is made when at least two of 
the following four plasma glucose values (measured fasting, 
1, 2, and 3 hours during the OGTT) are met or exceeded: 
fasting plasma glucose ≥ 95mg/dL, 1-hour plasma glucose 
≥ 180mg/dL, 2-hour plasma glucose ≥ 155mg/dL, 3-hour 
plasma glucose ≥ 140mg/dL.

Since different diagnostic criteria identify varying degrees 
of maternal hyperglycemia and maternal/fetal risk, there is 
significant disagreement among specialists regarding which 
strategy is best for diagnosing GDM.(18-20)

LABORATORY TESTS IN THE CONTEXT OF DIABETES

Each of the laboratory tests recommended for diabetes 
diagnosis has specific advantages and limitations, as 
summarized in Table 2.

FG demonstrates good reproducibility, is widely available 
in healthcare services, and its analytical methods are well-
established. However, its analysis requires fasting, and values 
may be influenced by acute conditions and stress, which are 
common during pediatric collections. Additionally, in samples 
collected without glycolysis inhibitors such as fluoride or 
iodoacetate, glucose levels may decrease by 5% to 7% per 
hour, potentially affecting assay interpretation.(22) Clinical 
laboratories primarily employ enzymatic methods, with 
glucose oxidase and hexokinase-UV being the predominant 

techniques for plasma glucose quantification, both of 
which are well-established and reproducible. To prevent 
misclassification of individuals, glucose measurement must 
minimize total analytical error, and methods should be free 
of measurable biases. Based on biological variation, glucose 
measurement should have an analytical imprecision of ≤ 
2.4%, a bias of ≤ 2.1%, and a total error of ≤ 6.1%.(21)

HbA1c has notable characteristics, including not requiring 
fasting and reflecting average blood glucose over the past 
2 to 3 months. Among the disadvantages of this test are 
its significantly higher cost compared to FG and limited 
availability in some developing countries. Additionally, as an 
indirect measure of blood glucose, it can be influenced by non-
glycemic factors such as hemoglobin variants, medications 
(e.g., hydroxyurea, vitamin C, aspirin), race, age, renal function, 
and others.(22) The method used for HbA1c determination must 
be certified by the National Glycohemoglobin Standardization 
Program (NGSP, www.ngsp.org) and standardized or traceable 
to the Diabetes Control and Complications Trial (DCCT) 
reference assay. Only in this way are HbA1c results from 
different laboratories harmonized and comparable to those 
reported in the DCCT.(3)

Some studies suggest that FG is more accurate than 
HbA1c for diabetes diagnosis, while HbA1c is more specific 
but less sensitive when compared to FG and OGTT.(23,24)

FG and HbA1c are the recommended and widely 
used laboratory tests due to their relative convenience 
and reproducibility compared to OGTT. The OGTT has the 
highest sensitivity among the three tests and is considered 
the gold standard for detecting individuals at increased 
risk for diabetes development, classified as prediabetes or 
intermediate hyperglycemia. HbA1c has low sensitivity (47% 
to 67%) and high specificity (98% to 99%) for diagnosing 
diabetes, compared to glucose measurement 2 hours after 
a 75g oral glucose load (OGTT-2h).(4)  

The OGTT-2h shows high variability (16.7%) when 
compared to FG (5.7%) and HbA1c (3.6%).(25) Therefore, among 
the disadvantages of the OGTT are its low reproducibility, 
the prolonged time required for the test, and the potential 
for discomfort (nausea and vomiting) following the glucose 
load intake.(22)

The accuracy and applicability of laboratory tests for 
diagnosing hyperglycemia are analyzed through clinical 
studies, and different strategies and cut-off values have been 
proposed over time. Thirty years ago, for example, fasting 
glucose levels of 140 mg/dL or higher were used to diagnose 
diabetes, and there was no category for increased risk of 
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diabetes, now termed "prediabetes".(26) Diagnostic criteria 
for diabetes have also evolved over time to include HbA1c 
starting in 2010, which had previously only been used for 
monitoring purposes.(27,28)  

Glucose Tolerance Tests
Glucose tolerance assesses the body's ability to respond 

to a glucose load.(29) Any test involving the oral intake of a 
known amount of anhydrous glucose dissolved in water, 
followed by the determination of plasma glucose at pre-
defined time points, is referred to as a glucose tolerance 
test. In Brazil, the oral glucose tolerance test (OGTT), with 
measurement of fasting plasma glucose, followed by 
determination of glucose levels at 1 and 2 hours post-load, 
is commonly referred to as a glucose tolerance test. However, 

the measurement of fasting glucose, followed by five or six 
additional determinations at defined intervals after glucose 
load, such as at 0 (fasting) followed by collections at 30, 
60, 90, 120, and 180 minutes, known as the glucose curve, 
is also considered a glucose tolerance test.(30) This test is 
frequently requested by clinicians, although there are no 
established reference intervals or recommended cut-off 
criteria in current literature.

OGTT-1h and OGTT-2h
The OGTT was proposed over 100 years ago as a 

measurement capable of assessing the body’s response to 
a supraphysiological glucose load.(31) Its use as a tool in the 
context of diabetes diagnosis has evolved significantly over 
the last century.(32)

Table 2
Advantages and limitations of routine laboratory tests for diabetes

Test Advantage Limitation

FG •	 Simple automated quantification
•	 Low cost
•	 Single sample requirement
•	 Widely available
•	 Established diagnostic criteria

•	 Requires ≥ 8 hours of fasting
•	 High biological variability
•	 Diurnal variation
•	 Sample instability ("glycolysis")
•	 Multiple factors influence glucose concentration (stress, acute illness)
•	 Glucose concentration varies depending on the sample source (venous, 

capillary, or arterial)
•	 Whole blood glucose concentration differs from plasma levels
•	 FG has a weaker correlation with DM complications (compared to HbA1c)
•	 Reflects glucose homeostasis at a single point in time

OGTT •	 Sensitive indicator of diabetes risk
•	 Early marker of impaired glucose homeostasis 

•	 Low reproducibility
•	 Lengthy patient preparation
•	 Time-consuming and inconvenient for the patient
•	 Oral glucose dose may be unpalatable
•	 Higher cost
•	 Influenced by various medications
•	 Subject to the same limitations as FG, such as sample instability
•	 Must be performed in the morning

HbA1c •	 Does not require patient fasting
•	 Sample can be collected at any time of the day
•	 Low biological variation
•	 Stable sample
•	 Not affected by acute factors such as stress and exercise
•	 Reflects glucose concentration over a long period prior to collection
•	 Standardized assay (NGSP)
•	 Single whole blood sample required
•	 Concentration predicts the development of DM-related microvascular 

complications
•	 Applicable for guiding treatment decisions

•	 Can be affected by factors other than glucose, such as alterations in 
erythrocyte lifespan and ethnicity

•	 Presence of hemoglobinopathies interferes with the result
•	 May not be available in all laboratories
•	 Higher cost

Legend: FG: fasting plasma glucose; OGTT: oral glucose tolerance test; HbA1c: glycated hemoglobin A1c; NGSP: National Glycohemoglobin Standardization Program.

Source: Adapted from Sacks et al., 2023.(21)
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The OGTT remains the reference method for evaluating 
glucose tolerance, despite its recognized low reproducibility 
and a high coefficient of variation at the 2-hour mark 
(OGTT-2h).(33,34) Evidence supports that the OGTT-1h is more 
effective in classifying glycemic status compared to isolated 
measurements of fasting glucose or HbA1c. Individuals with 
intermediate hyperglycemia (prediabetes) and T2DM exhibited 
increased adiposity, higher blood pressure, elevated uric acid 
levels, a worse lipid and inflammatory profile, and a progressive 
reduction in insulin sensitivity compared to normoglycemic 
individuals. The OGTT-1h can identify individuals with this 
unfavorable cardiometabolic risk profile.(35)

It should be emphasized that the OGTT is the reference 
test for diagnosing GDM, where fasting plasma glucose 
concentrations have reduced diagnostic sensitivity. It is 
also important to note that, in pregnant women with no 
prior diagnosis of diabetes, an abnormal OGTT can be an 
independent risk factor for postpartum hyperglycemia.(17,36)

Glycemic Curve
Serial glucose measurements following a glucose load 

allow for the observation of a glycemic curve, defined by the 
pattern of rise and fall in glucose concentrations after the 
glucose load. The shape of the curve thus reflects pancreatic 
beta-cell function and metabolic risk.(29) Differences in the 
shape of the glycemic curve have been documented since the 
1950s, but only recently have researchers considered using 
the characteristics of the glucose curve as a predictive tool.(37)

Studies have shown that the shape of the glucose curve 
can be used to predict glucose intolerance and the risk of 
progression to T2DM.(30,38) The glycemic curve profile is defined 
as monophase, biphasic, or triphasic, or unclassified, as 
depicted in Figure 2. A monophase curve can be defined as an 
increase in glucose between 30 and 90 minutes, followed by 
a decline between 90 and 120 minutes. A biphasic response 
curve is characterized by a decrease after an initial increase, 
followed by a second increase.(39) The biphasic pattern is found 
in 20% to 30% of adults without diabetes.(38)

Individuals with a monophase curve have lower insulin 
sensitivity and decreased beta-cell function compared to those 
with a biphasic curve.(40,41) A biphasic or triphasic (unclassified) 
glycemic response profile, characterized by an increase, a 
decrease, and a subsequent rise in glucose following the 
glucose load, has been associated with better beta-cell 
function and lower glucose concentrations compared to a 
monophase pattern.(37,41-43) A multi-ethnic cohort of adults 
with recent diagnoses of T2DM compared differences in 

the shape of the glycemic curve, considering sex, race, body 
mass index, and metabolic differences between the two 
most common curve types: monophase and continuous 
increase (where glucose concentration only rises during the 
test period). The group that showed a continuous increase 
in glucose was associated with greater beta-cell dysfunction 
and higher HbA1c values compared to the group with a 
monophase pattern. These data suggest that the shape of 
the curve could also serve as a biomarker for diabetes.(29)

FACTORS INFLUENCING THE ORAL GLUCOSE 
TOLERANCE TEST 

The performance of the OGTT is directly affected by 
pre-analytical and analytical factors, as well as those related 
to laboratory glucose measurement. The reproducibility of 
the OGTT has been questioned for decades, but it continues 
to be considered the "gold standard" for the diagnosis of 
T2DM and GDM.(44-46)

Pre-analytical factors such as biological or intraindividual 
variation, gastric emptying, the glucose solution for the 
overload from different manufacturers, the release of 
hyperglycemic hormones like cortisol and adrenaline, age, 
and sex can affect the reproducibility of the OGTT;(47) as 
well as analytical factors such as analyzer calibration, the 
method, and the reagents used in the determination of 
plasma glucose.(47,48) These variables contribute to the OGTT 
having a reproducibility of 64% to 80%.(47,49)

Below, we present and discuss some factors that influence 
this test.

Diet 
Proper preparation for the OGTT is essential to prevent 

falsely elevated results due to low carbohydrate intake in 
the days preceding the test. The mechanisms by which low-
carbohydrate diets affect glucose metabolism are complex 
and not fully understood. Some propose that the mechanism 
is partly due to the loss of the first phase of insulin release, 
resulting in reduced peripheral and hepatic glucose uptake 
and incomplete suppression of hepatic glucose production. 
Low carbohydrate intake also impacts insulin sensitivity and 
is associated with an increase in free fatty acids in the plasma, 
which may reduce insulin secretion.(50)

Some studies have shown that a low-carbohydrate 
diet would not affect the outcome of the OGTT and that 
maintaining the usual diet before undergoing the test would 
better reflect an individual's ability to metabolize glucose.(51,52) 
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However, to maintain a standardized approach and enhance the 
reproducibility of the method, the OGTT should be preceded by 
a diet without carbohydrate restrictions, with a minimum daily 
intake of 150g of carbohydrates during the 3 days preceding the 
test, which should be performed after an 8 to 10-hour fast.(3,53)

Physical Exercise
Physical exercise can alter the results of laboratory tests. 

Despite contradictory data in the literature regarding the 
duration and intensity of exercise that would affect test 
outcomes, physical activity influences how the body processes 
nutrients, such as glucose.(54-56)   

At the onset of physical activity, there is an inhibition 
of insulin secretion and, consequently, hyperglycemia. 
This mechanism occurs to provide energy for the body. An 
elevation in plasma glucose can be observed up to 4 hours 
after strenuous exercise, such as a marathon, returning to 
baseline within 24 hours.(57)

After this initial phase of hyperglycemia, glucose is taken 
up by muscle cells independently of insulin, likely due to an 
increase in the number of active membrane transporters, 
leading to hypoglycemia. The prolonged reduction in 
glucose concentration is influenced by adrenaline – an 
antagonist of insulin – which ceases to be released after 
exhaustive physical exertion, causing the effects of insulin 
to become predominant and amplifying hypoglycemia 
for approximately 2 hours after the physical activity ends.
(58)  Therefore, it is recommended that strenuous physical 
exercise be avoided in the 24 hours prior to performing 
the OGTT.

Smoking
Another interfering factor of the OGTT is tobacco use. 

Smoking acutely impairs glucose tolerance and insulin 
sensitivity; therefore, smoking is not permitted during the 
OGTT.(59-61)  

Figure 2
Patterns of glycemic curve shape.

Legend: The y-axis, numbered from 0 to 14, represents plasma glucose concentration in mmol/L. The x-axis, numbered from 0 to 180, represents time in minutes. The blue line represents a monophase glycemic curve pattern. The red line 
represents a biphasic glycemic curve pattern. The green line represents a triphasic glycemic curve pattern.

Source: Adapted from Cheng et al., 2019.(37)
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Glucose Solution 
The composition of the oral glucose solution, including 

added excipients to enhance taste and odor, can impact 
endogenous insulin secretion and, consequently, plasma 
glucose concentrations.(48) For this reason, standardizing and 
validating the glucose solution is advisable.  

Most institutions conducting the OGTT use a commercially 
available liquid solution containing 75g of pure D-glucose 
dissolved in 300mL of water, due to its convenience, 
commercial preparation quality standards, and the availability 
of flavored options to minimize discomfort. Human perception 
of sweetness can be altered by temperature, which supports 
the recommendation to administer the glucose solution 
cold rather than at room temperature to reduce nausea, 
particularly in pregnant women.(62)

If the establishment is preparing the glucose solution 
in-house, it must follow good laboratory practices to ensure 
that the final solution is at the standardized concentration. 
Carbonated water appears to mitigate the unpleasant side 
effects of the glucose solution, but it affects OGTT results 
by promoting a higher post-load glucose level at 1 hour 
compared to tests conducted with non-carbonated water. 
Therefore, carbonated water should not be used.(62)  

In the case of OGTT in children or individuals with low 
body weight, it is recommended to administer 1.75g of 
glucose per kg of body weight, up to a maximum of 75g. 
For example, a 12kg child should consume 84mL of the 75g 
glucose solution, as illustrated in Figure 3.

Gastric emptying
The absorption behavior of the glucose solution shows 

intra- and interindividual variability, also impacting the 
variability of glucose concentrations in the OGTT.(1) This is 
because the rate of gastric emptying has high individual 
variability and is a factor that affects plasma glucose 
concentration. The glucose load administered during 
the OGTT can only pass into the bloodstream after being 
emptied from the stomach, digested into monosaccharides, 
and transported through the intestinal epithelium. The 
transport capacity of the small and large intestines exceeds 
the 75g of glucose provided during the OGTT; therefore, a 
limiting step in the rate of glucose absorption is the gastric 
emptying rate.(63)  In other words, gastric emptying is one 
of the main factors influencing the glycemic response in 
the first hour after the OGTT or a meal and is responsible 
for 30% to 35% of the variability in postprandial blood 
glucose.(63)  

To minimize the impact of gastric emptying on the OGTT 
results, the total volume of the glucose solution should be 
consumed, preferably, within 5 minutes.(1)

Emesis
Gastric intolerance to the glucose solution has been linked 

to the high osmolarity of the solution, caused by the high 
concentration of glucose, which also delays gastric emptying. 
Emesis is the primary reason for the failure to complete the 
OGTT;(65) therefore, it may be suggested that the individual 
take an antiemetic before undergoing the test.(64)  

In cases of emesis, the test should be interrupted and 
rescheduled. However, if the individual vomits after 30 
minutes of ingesting the solution, some laboratories may 
proceed with the OGTT, noting in the report's observation 
that the patient vomited, how many times emesis occurred, 
and how many minutes after ingestion it happened.

It should be considered that hyperemesis gravidarum 
causes changes in maternal metabolism during the first 
trimester of pregnancy due to limited caloric intake and 
fasting. This can reduce the positive predictive value of 
gestational diabetes screening in the first trimester through 
the OGTT, leading to an increase in false-positive results. In 
such cases, it may be beneficial to consider other screening 
and diagnostic strategies.(66,67)

Figure 3
Calculation of the glucose solution volume for children and individuals with low 
body weight.

Source: Authors.
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Medication interference
Interpreting the OGTT can become challenging for 

individuals taking high doses of medications known to 
induce hyperglycemia, such as glucocorticoids, calcium 
channel blockers, oral contraceptives, protease inhibitors, 
interferon, beta-blockers, diuretics, among others.(68)

Type of sample
Blood glucose can be quantified in whole blood, serum, 

or plasma, but plasma is the recommended sample type 
for diagnosis. It should be noted that the water content in 
plasma is approximately 11% higher compared to whole 
blood, which results in plasma glucose being approximately 
11% higher than whole blood glucose in individuals with 
normal hematocrit.(63)

Glucose concentrations during an OGTT in capillary blood 
from fingertip puncture are significantly higher than those in 
venous blood (an average of 30 mg/dL, equivalent to 20% to 
25%), likely due to glucose consumption by tissues. In contrast, 
the average difference in fasting samples is only 2 mg/dL. 
That is, plasma and capillary glucose concentrations are 
comparable in the fasting state, but post-load capillary glucose 
is significantly higher than venous sample concentrations.(69)

Although there are studies on the feasibility of self-
collecting capillary blood using specific devices for OGTTs,(70-

72) venous blood samples have been the recommended 
standard.(73)

Collection Tube
The rate of glucose consumption/reduction in a sample is 

5% to 7% per hour, making in vitro glycolysis a pre-analytical 
interference with the potential to alter the interpretation of 
the OGTT. To minimize the effect of glycolysis, two strategies 
can be employed by the laboratory: 1. Blood collection in a 
tube without a glycolytic inhibitor, followed by immediate or 
within 30 minutes after collection centrifugation and serum 
separation from blood cells; 2. Blood collection in tubes 
containing a glycolytic inhibitor.(21,69,74)

Thus, in locations where immediate sample processing is 
not possible, the use of glycolysis inhibitors, such as sodium 
fluoride (NaF; 2.5 mg of fluoride/mL of blood), is recommended. 
However, NaF alone is not a rapid-acting glycolysis inhibitor.(21) 
The mechanism of action of fluoride is based on the inhibition 
of the enzyme enolase, which acts later in the glycolytic 
pathway. Consequently, the activity of glycolytic enzymes 
upstream of enolase is not significantly affected, and these 

enzymes remain active, metabolizing glucose. This explains 
why the full effect of fluoride in inhibiting glycolysis may 
take between 30 minutes and 4 hours, during which the 
glucose concentration in the collection tube can decrease 
considerably, especially when the sample is stored at room 
temperature.(75) After 4 hours, glucose concentration in whole 
blood remains stable for up to 72 hours at room temperature 
in the presence of fluoride.(21,74)

To enhance glycolytic action, NaF can be used in 
combination with anticoagulants such as potassium 
oxalate, EDTA, citrate, or lithium heparin. Several studies 
have demonstrated the efficacy of tubes containing citrate/
fluoride/EDTA (CFE) in inhibiting glycolysis,(76-78) and currently, 
the use of citrate-buffered collection tubes is recommended 
for glucose determination, especially if sample processing 
is likely to take longer than 30 minutes after collection.(21)

It is also important to consider that, in samples with high 
white blood cell counts, glycolysis can increase even in the 
presence of fluoride.(21)

Glucose Measurement
The measurement of glucose is the central analytical 

factor in the OGTT. An inaccurate glucose measurement can 
lead to diagnostic errors, incorrect patient management, 
unfavorable outcomes, and increased healthcare costs. For 
instance, glucose measured from heparinized plasma is 
approximately 5% lower than glucose measured from serum, 
possibly due to the fluid shift from erythrocytes to plasma 
caused by the anticoagulant.(69)

Glucose measurement methods should be calibrated 
(traceable) to reference methods. Currently, there are 
two reference methods for measuring plasma glucose 
recommended by the Joint Committee for Traceability in 
Laboratory Medicine: isotope dilution mass spectrometry 
(IDMS) and the hexokinase/glucose-6-phosphate 
dehydrogenase enzymatic method. The maximum allowable 
deviation between the laboratory method and the reference 
method is 4%. In laboratory settings, glucose is commonly 
determined using one of the following enzymatic methods: 
hexokinase, glucose dehydrogenase, or glucose oxidase in 
reactions coupled to a chromophore, ultraviolet absorption, 
or generating an electrical current.(63)

Methodologies using glucose oxidase/peroxidase 
(colorimetric) and UV hexokinase (ultraviolet) show similar 
results and do not affect the characterization of Diabetes 
mellitus.(79)
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FINAL CONSIDERATIONS
Diabetes is a chronic, multifactorial, and silent syndrome 

affecting approximately 10% of the global population. Without 
a cure, it is crucial that DM diagnosis be early to minimize 
chronic vascular complications.

Clinical laboratories play a central role in the screening, 
diagnosis, and monitoring of DM through plasma glucose, 
HbA1c, and OGTT. Recently, glucose measurement 1 hour 
after oral glucose load (OGTT-1h) has been incorporated 
into the criteria for diagnosing diabetes and pre-diabetes, 
as it is a more sensitive and earlier predictor of T2DM, 
cardiovascular disease, microangiopathy, and mortality 
compared to previously used criteria. OGTT-1h values of 155 
mg/dL indicate intermediate hyperglycemia (prediabetes), 
while values ≥ 209 mg/dL classify as diabetes.

Thus, the glucose load test gains new prominence. It 
is important to emphasize that any test performed after 
oral ingestion of a known amount of glucose, followed 
by plasma glucose measurement, constitutes a glucose 
load test. In Brazil, fasting plasma glucose measurement 
followed by glucose determination 1 hour and 2 hours after 
glucose solution ingestion is commonly referred to as OGTT. 
Meanwhile, the glucose load test involving fasting glucose 
determination followed by 5 or 6 glucose measurements 
every 30 minutes after glucose solution ingestion is known 
as the glucose curve.  

For conducting glucose load tests, it is recommended to 
avoid intense physical exercise within 24 hours prior to the 
test. Smoking is not permitted during the procedure. The 
test is performed after an 8- to 10-hour fast, and during the 
three days preceding the test, a diet including at least 150 g 
of carbohydrates per day is recommended.  

The glucose solution should contain 75 g of glucose 
dissolved in 250–300 mL of water, or 1.75 g of glucose per 
kilogram, up to a maximum of 75 g. The total volume of 
the glucose solution should ideally be ingested within 5 
minutes. In case of emesis, the test must be interrupted and 
rescheduled. However, if the patient vomits after 30 minutes 
of ingestion, continuing the test may be considered, with the 
occurrence duly reported in the test report.

It is preferable to use plasma collected in tubes containing 
citrate/fluoride/EDTA for the OGTT if centrifugation and 
plasma separation from blood cells cannot be performed 
within 30 minutes of collection.  

The methodology used for glucose measurement 
should be traceable to reference methods, with enzymatic 
colorimetric methods employing glucose oxidase/peroxidase 

or UV enzymatic methods utilizing hexokinase being 
acceptable options.  

Finally, it is important to emphasize that OGTT and 
the glucose curve exhibit significant variability, which may 
affect result interpretation. This study reviews observations 
on glucose load tests and highlights the new criteria for 
diabetes diagnosis.
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