
https://academic.oup.com/jes   1

Journal of the Endocrine Society, 2021, Vol. 5, No. 5, 1–7
doi:10.1210/jendso/bvab049

Expert Endocrine Consult

ISSN 2472-1972

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-
NoDerivs licence (http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and 
distribution of the work, in any medium, provided the original work is not altered or transformed in any way, and that the 
work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

© The Author(s) 2021. Published by Oxford University Press on behalf of the Endocrine Society.

Expert Endocrine Consult

Carbohydrate Intake Prior to Oral Glucose 
Tolerance Testing
Klara R. Klein,1 Christopher P. Walker,2,3 Amber L. McFerren,2,3 Halie Huffman,2 
Flavio Frohlich,2,3,4,5,6,7 and John B. Buse1

 1Division of Endocrinology and Metabolism, University of North Carolina School of Medicine, Chapel Hill, 
NC 27599, USA; 2Department of Psychiatry, University of North Carolina at Chapel Hill, Chapel Hill, NC 
27599, USA; 3Carolina Center for Neurostimulation, University of North Carolina at Chapel Hill, Chapel Hill, 
NC 27599, USA; 4Department of Cell Biology and Physiology, University of North Carolina at Chapel Hill, 
Chapel Hill, NC 27599, USA; 5Department of Neurology, University of North Carolina at Chapel Hill, Chapel 
Hill, NC 27599, USA; 6Department of Biomedical Engineering, University of North Carolina at Chapel Hill, 
Chapel Hill, NC 27599, USA; and 7Neuroscience Center, University of North Carolina at Chapel Hill, Chapel 
Hill, NC 27599, USA

ORCiD numbers: 0000-0002-5894-9054 (K. R. Klein); 0000-0002-1042-075X (C. P. Walker); 0000-0003-4832-3274 (A. L. McFerren); 
0000-0002-3724-5621 (F. Frohlich); 0000-0002-9723-3876 (J. B. Buse).

Abbreviations: ADA, American Diabetes Association; HbA1c, glycated hemoglobin A1c; IGT, impaired glucose tolerance; 
LC-HF, low-carbohydrate high-fat;OGTT, oral glucose tolerance test; PG, plasma glucose;WHO, World Health Organization

Received: 9 November 2020; Editorial Decision: 17 March 2021; First Published Online: 29 March 2021; Corrected and 
Typeset: 21 April 2021. 

Abstract 

With the emergence of glycated hemoglobin as a diagnostic test for diabetes, oral glucose 
tolerance tests (OGTTs) have become rare in endocrinology practice. As they have moved 
out of favor, the importance of patient instructions on preparation prior to OGTT has faded 
from memory. Decades-old literature, well-known to endocrinologists a generation ago, 
emphasized the importance of carbohydrate intake prior to OGTT. In this expert endocrine 
consult, we discuss an OGTT performed in a research setting without adequate carbohy-
drate intake at the evening meal prior to the OGTT. The resultant elevated plasma glucose 
levels at 1-hour and 2-hours mimicked the loss of first-phase insulin release seen in early 
type 1 and type 2 diabetes. With clinical concern that the research participant had evolving 
type 1 or type 2 diabetes, the volunteer was subjected to additional testing and experi-
enced anxiety. Repeat OGTT was normal after adequate carbohydrate intake (>150 grams/
day and >50 grams the evening prior to overnight fast for the study). The physiology of this 
phenomenon is explored and is likely mediated through beta cell adaptation and alteration 
in peripheral glucose uptake in response to nutrient exposure. The learnings of decades 
ago have clearly faded, and this literature should be revisited to ensure that OGTT results 
are not compromised when ordered for clinical or research purposes.
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The acceptance of glycated hemoglobin (HbA1c) for the 
diagnosis of diabetes and prediabetes has reduced the 
number of oral glucose tolerance tests (OGTTs) being per-
formed in nonpregnant adults. With its limited use, the im-
portance of proper preparation prior to administration of 
an OGTT, well-established long ago, has faded from the 
literature and guidelines. In this expert endocrine consult, 
we report a false-positive OGTT in the setting of a single 
low-carbohydrate meal prior to testing and underscore a 
literature that has been forgotten over the past generation 
but still has important implications in both clinical care 
and research.

Case Report

A 20-year-old healthy woman volunteered for a research 
study that required patients with no history of diabetes to 
undergo an OGTT in order to evaluate the effect of circu-
lating glucose on neuronal excitability. A physically active 
college student, the volunteer had a body mass index of 
20.7 kg/m2 and no personal or family history of diabetes. 
At screening, her fasting plasma glucose (PG) was 71 mg/
dL. She qualified for the study and was instructed to fast 
for 12 hours prior to presentation. At the study visit, fasting 
PG was 60 mg/dL. A 75-gram OGTT was performed in a 
research setting by experienced staff. One hour post–glu-
cose load, her PG was 153 mg/dL (Table 1). Two hours 
post–glucose load, her PG was 200 mg/dL (Table 1).

Given concern that this test result indicated the diag-
nosis of diabetes, a medical history and extensive dietary 
recall was obtained. The day prior to the abnormal OGTT, 
she reported eating a high-carbohydrate breakfast and 
lunch from a fast-food restaurant that included French 
fries. Dinner consisted of eggs, turkey bacon, avocado on 
toast, and 8 ounces of orange juice (less than 50 grams net 
carbohydrates). She confirmed that she had no risk factors 
for type 2 diabetes, no history of disordered eating, and no 
family or personal history of autoimmunity. She acknow-
ledged anxiety about the potential diagnosis of diabetes.

Two national diabetes experts with a focus on type 1 
diabetes prevention and management were presented the 
findings and decades-old literature that suggest that a low-
carbohydrate diet (<150 grams/day and <50 grams prior 
to fasting for the test) can lead to false-positive OGTTs. 
Both experts acknowledged the literature regarding carbo-
hydrate loading prior to OGTT, but suggested that the 
presentation was consistent with early (stage 2) type 1 dia-
betes [1]. Each recommended antibody testing as well as 
a repeat OGTT after appropriate and documented dietary 
preparation.

One week after she was informed of the abnormal 
OGTT, the patient repeated a 75-gram OGTT in a primary 

care setting. She was instructed to eat a minimum of 150 
grams carbohydrates for 3 days prior to testing. She com-
pleted a food log that was confirmed to document >50 
grams carbohydrate per meal by her physician. Blood was 
collected for HbA1c and GAD65 antibodies. Repeat OGTT 
revealed a fasting PG of 71 mg/dL (Table 1). Two hours 
after a 75-gram glucose load, PG was 75 mg/dL (Table 1). 
Her HbA1c was 5.0% (31 mmol/mol). GAD65 antibodies 
were negative. The patient met no criteria for diabetes or 
prediabetes on repeat testing.

Discussion

“Hunger diabetes” was first described in the late eighteenth 
century after the discovery of glucosuria in starving dogs 
fed a high-carbohydrate meal [2]. Fifty years later, the clin-
ical importance of diet prior to OGTT was described. Well- 
and undernourished individuals who had normal glucose 
tolerance after a 5-day 300 gram carbohydrate preparatory 
diet were restricted to 20 grams carbohydrate for 5 days [2]. 
Restriction of carbohydrates resulted in delayed clearance 
of absorbed glucose in all individuals and was exaggerated 
in undernourished participants. After low-carbohydrate 
diets, all undernourished individuals met criteria for glu-
cose intolerance or diabetes. Dr. Conn thus recommended 
a standard 300-gram carbohydrate diet prior to OGTT [2].

Wilkerson et  al challenged that a 150-gram carbo-
hydrate diet is sufficient in most normally nourished in-
dividuals. Restriction of carbohydrates to 20 grams for 
5  days resulted in impaired glucose tolerance (IGT) in 
males and females [3]. Twenty-two percent of women (2 

Table 1. OGTT results

Experimental protocol Clinical exam

 Screening OGTT  
(low-carb dinner)

OGTT  
(high-carb 

diet)

Time (min) Glucose (mg/dL)
0 71 60 71 
30 - 153 -
60 - 153 -
120 - 200 75 
180 - 152 -

During the experimental protocol, single pulse transcranial magnetic stimu-
lation and a working memory task was performed while high-density elec-
troencephalography was recorded at each OGTT time point. The first OGTT 
was performed after a low-carbohydrate dinner prior to a 12-hour fast before 
the study. The clinical exam OGTT was performed in a primary care setting 
after 3  days of >150 g/day carbohydrate ingestion and specifically a high-
carbohydrate meal the night prior to the OGTT.
Abbreviations: carb, carbohydrate; OGTT, oral glucose tolerance test.
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out of 9) and no men met criteria for diabetes, suggesting 
that sex differences may exist in glucose tolerance in re-
sponse to carbohydrate restriction [3]. Based on these 
data, the World Health Organization (WHO) has long 
recommended preparation for OGTT with greater than 
150 grams carbohydrate per day [4]. This recommenda-
tion, buried in the appendix of the 1985 WHO report, has 
been minimized further in updates. The current American 
Diabetes Association (ADA) Standards of Care cite the 
WHO report, but the document does not explicitly state 
the need for dietary guidance prior to OGTT [1]. Similarly, 
the American Association of Clinical Endocrinologists and 
American College of Endocrinology (AACE/ACE) guide-
lines for the diagnosis of diabetes do not mention the ne-
cessary carbohydrate loading prior to testing [5]. Notably, 
the 2008 ACE/AACE guidelines for the diagnosis and man-
agement of prediabetes indicates the necessity of adequate 
carbohydrate intake prior to OGTT but does not define the 
amount of carbohydrate required [6].

More recent data, although still more than 20  years 
old, demonstrated that some individuals who ate a normal 
carbohydrate breakfast and lunch (60% carbohydrate, 
>75 grams) followed by a low-carbohydrate dinner (10% 
carbohydrate, <50 grams) exhibited IGT, even when the 
daily carbohydrate totaled greater than 150 grams [7]. 
In this study, all participants (8 men and 4 women) had 
normal fasting glucose irrespective of their carbohydrate 
intake. All participants had normal glucose tolerance 
the morning after a single high-carbohydrate meal (80% 
carbohydrate, >100 grams). However, despite a daily total 
of ≥150 grams carbohydrate, 38% of men (3 out of 8) and 
25% of women (1 out of 4)  demonstrated IGT after a 
single low-carbohydrate meal (<50 grams) immediately 
prior to testing. These data are consistent with the case 
presented here, in which the patient ate greater than 150 
grams carbohydrates daily, but limited carbohydrates in 
her final meal prior to the abnormal OGTT. We are not 
aware of any guideline that explicitly states the necessity of 
a normal- to high-carbohydrate meal (50 grams minimum) 
immediately prior to the fasting period before presentation 
for the OGTT.

OGTTs are ordered less frequently by clinical endocrin-
ologists. Conversely, obstetricians order OGTTs on nearly 
all pregnant nondiabetic patients. While some studies sug-
gest that carbohydrate loading does not affect the OGTT 
in pregnancy [8-10], none of these studies compare con-
firmed low-carbohydrate diets (less than 150 grams/day) 
with higher carbohydrate diets. Moreover, similar to the 
case presented here, a very-low-carbohydrate meal (6.7% 
carbohydrate, <10 grams) immediately prior to OGTT 
has been shown to alter OGTT results during pregnancy 
[11]. Recent data also suggest that low-carbohydrate diets 

are associated with positive 1-hour OGTT and diagnosis 
of gestational diabetes in pregnancy diabetes screening 
programs [12, 13]. As gestational diabetes diagnosis is 
increasing, some of the obstetrics community recognizes 
the flawed nature of OGTT and posits that alternative 
screening tools will eventually replace the OGTT for detec-
tion of gestational diabetes [14]. Until then, more research 
to understand how carbohydrate intake impacts OGTT in 
pregnancy is warranted and a standardized protocol for 
OGTT preparation is essential.

The mechanisms of how low-carbohydrate diets impact 
glucose metabolism are complex and incompletely under-
stood. Some propose 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 [15-17]. Loss 
of first-phase insulin is well characterized in both type 1 
and type 2 diabetes and occurs early in the evolution of 
diabetes [18, 19]. Investigators in the Diabetes Prevention 
Trial of Type 1 Diabetes (DPT-1) identified a subgroup of 
individuals with islet cell antibodies and impaired first-
phase insulin response who were asymptomatic and had 
normal fasting PG, but who were diagnosed with diabetes 
via OGTT [20]. Loss of first-phase insulin release is also 
well documented in type 2 diabetes, although whether 
it precedes insulin resistance has been debated [19]. 
Hyperglycemic clamp experiments in individuals with IGT 
demonstrate loss of first- and second-phase insulin release 
[19, 21]. First-phase insulin release is reduced to a greater 
degree than second-phase insulin release, suggesting that 
the primary defect may start with first-phase insulin loss. 
Insulin sensitivity was also decreased in individuals with 
IGT, but to a lesser extent, suggesting that type 2 diabetes 
is defined first by beta cell dysfunction, rather than insulin 
resistance [19]. Indeed, seminal work led by John Gerich 
demonstrated that subjects with normal glucose tolerance 
and a first-degree relative with type 2 diabetes have de-
creased first- and second-phase insulin release without a 
defect in insulin sensitivity [19, 22]. Although supportive 
data is limited, as no insulin levels were drawn during 
the study, the OGTT presented here after a single low-
carbohydrate meal appears to mimic first-phase insulin 
loss, suggesting that low-carbohydrate intake may impact 
beta cell function.

Few mechanistic studies employ single low-carbohydrate 
meals to explore the impact of carbohydrate intake on glu-
cose metabolism. Data from longer-term low-carbohydrate 
or ketogenic diets therefore provide insight. Animal models 
have shown that longer-term low-carbohydrate diets result 
in decreased beta cell mass [23] that is likely reversible [24, 
25]. Rats that are fed low-carbohydrate high-fat (LC-HF) 
or ketogenic diets in which 5% or less of total calories 
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are derived from carbohydrates for 3 to 8 weeks demon-
strate a significant increase in glucose levels during OGTT 
[23, 25]. Caloric restriction of LC-HF diets to 80% of the 
isoenergetic pair-fed groups eliminated differences in fat 
mass, but glucose intolerance was maintained in LC-HF 
animals, suggesting that adiposity was not the driver of 
abnormal glucose metabolism [23]. Instead, total pancreas 
volume and total beta cell volume was significantly lower 
in rats fed a LC-HF diet compared with controls [23]. The 
cause of this loss of beta cell mass is multifactorial, but loss 
of insulin- and hyperglycemia-mediated pro-proliferative 
and hypertrophic effects likely contribute [26–29]. Unlike 
the primary beta cell defect observed in type 1 and type 
2 diabetes, studies have demonstrated that the beta cell 
dysfunction caused by low-carbohydrate diets are likely 
reversible, as resumption of normal carbohydrate diet re-
stores glucose homeostasis [25].

Low carbohydrate intake also impacts insulin sensitivity 
in both animal models and humans. Euglycemic clamp 
studies in rats and mice fed ketogenic diet for 3 to 8 weeks 
demonstrate impaired hepatic and peripheral insulin sen-
sitivity [23, 30]. When fed a ketogenic diet, both rodent 
models required a significantly lower glucose infusion rate 
to maintain a euglycemic clamp, indicating whole-body in-
sulin resistance [23, 30]. Additionally, the ability of the glu-
cose infusion to suppress endogenous glucose production 
was significantly impaired compared to regular chow fed 
animals, suggesting hepatic-specific insulin resistance [23, 
30]. Similar hepatic insulin resistance has been shown in 
mice following only 3 days of ketogenic diet [31].

In humans, data from highly trained athletes who were 
subjected to 6  months of LC-HF diets (~50 grams/day 
carbohydrate) demonstrated high glucose concentrations 
and delayed peak insulin concentrations during OGTT and 
reduced expression of key proteins of the insulin signaling 
pathway, glucose transporter 4 (GLUT4) and insulin re-
ceptor substrate 1 (IRS1) [32]. IRS1 phosphorylation initi-
ates the insulin cascade, which is critical for translocation 
of GLUT4 to the plasma membrane and rapid uptake of 
glucose in the muscle [32]. Loss of expression of these 
proteins results in an insulin-resistance-like state, which is 
unlikely pathological, but instead an adaptation to consist-
ently reduced glucose exposure [32].

Additional mechanisms may also play a role, particu-
larly in acute low-carbohydrate diets. For example, low-
carbohydrate diets are associated with an increase in 
plasma free fatty acids, which may decrease insulin secre-
tion. Fatty acid oxidation is associated with decreased gly-
colysis, glucose uptake, and glucose oxidation, all of which 
can ultimately raise PG [16, 24, 33, 34]. Alterations in the 
level of glucagon-like peptide 1 (GLP-1) have also been ob-
served in association with low-carbohydrate diets (20% of 

total energy derived from carbohydrates). Short-term low-
carbohydrate diets in healthy individuals have been shown 
to increase the levels of post–glucose load GLP-1, which 
may be in part to compensate for reduced insulin produc-
tion [16, 35]. Whether these mechanisms are caused by 
low-carbohydrate diet or are a result of changes in other 
metabolic parameters remains to be elucidated.

Nutrition research continues to investigate these mechan-
isms, particularly in regard to the long-term impact of low-
carbohydrate diets on metabolism and clinical disease [36]. 
These efforts are essential, as ketogenic diets (<50 grams 
carbohydrate/day) and other lower-carbohydrate meal 
plans have become increasingly popular. Yet, our under-
standing of the influence of these diets on the risk of meta-
bolic disease is unknown. Meanwhile, despite a growing 
number of physicians arguing for increased oral glucose 
tolerance testing for the identification of dysglycemia [37], 
many clinicians are forgetting that low-carbohydrate diets 
may also impact the OGTT as a diagnostic tool.

The utility of HbA1c is unassailable, but like every 
test, it has flaws [38]. A  threshold of HbA1c >6.5% was 
suggested for the diagnosis of diabetes based on studies 
demonstrating an association between HbA1c and diabetic 
retinopathy, but data suggest that this HbA1c level fails to 
identify a significant population of people with diabetes by 
OGTT or fasting PG [39, 40]. AACE/ACE and ADA guide-
lines acknowledge limitations in HbA1c and fasting PG as 
tools for diagnosis of diabetes, implying that measuring PG 
after a 75-gram 2-hour OGTT may be the most sensitive 
test for detecting diabetes [1,5]. Indeed, using the HbA1c 
cutoff of 6.5% for the diagnosis of diabetes has high spe-
cificity (~99%), but the sensitivity is poor (~20%-40%) 
when compared with the 75-gram OGTT [41]. Moreover, 
2-hour PG has a strong association with cardiovascular 
disease, hypertension, dyslipidemia, and microalbuminuria 
[41]. Failure to identify individuals with diabetes solely 
based on positive 2-hour PG risks underdiagnosing and 
undertreating a population particularly vulnerable to car-
diovascular disease.

HbA1c also fails to identify the majority of patients with 
IGT [42] and early dysglycemia [41], leaving the OGTT 
as the posited most appropriate tool to identify these pa-
tients. Use of OGTT in high-risk patients allows for early 
intervention and prevention of progression to type 2 dia-
betes. As such, the ADA specifically recommends OGTT 
as the preferred method for diagnosis of cystic fibrosis–re-
lated diabetes, posttransplantation diabetes mellitus, and in 
the postpartum period in women with gestational diabetes 
and notes preferences among some authorities for the diag-
nosis of diabetes in children [43]. The ADA also notes that 
PG measurements (fasting PG or 2-hour OGTT) should be 
used in conditions that alter the relationship of HbA1c and 
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glycemia, including but not limited to increased red blood 
cell turnover, HIV treated with certain protease inhibitors, 
and iron-deficiency anemia [1]. The Endocrine Society also 
recommends use of OGTT over HbA1c in women with poly-
cystic ovarian syndrome, given the association between IGT 
and cardiovascular disease in women [44]. Furthermore, 
emerging data suggest that IGT identified by 2-hour PG pro-
vides prognostic information following myocardial infarc-
tion, whereas HbA1c and fasting PG do not, paving the way 
for expanding the use of OGTT to other circumstances [42].

The strength of 1-hour PG >155 mg/dL as an early 
marker of dysglycemia and predictor of incident diabetes, 
cardiovascular risk, diabetes complications, and mortality 
has emerged over the last several years [45-47]. A 1-hour 
PG >155 mg/dL following a 75-gram OGTT is also more 
sensitive for detecting individuals at high risk for type 2 
diabetes than HbA1c, fasting PG, or 2-hour PG [41]. 
Individuals with normal glucose tolerance and a 1-hour 
PG >155mg/dL likely share abnormalities observed in IGT, 
including beta cell dysfunction and impaired insulin sensi-
tivity [41]. The use of 1-hour OGTT may allow the identi-
fication of a vulnerable population that may otherwise be 
overlooked even by the gold standard of 2-hour PG fol-
lowing a 75-gram OGTT [48]. As 1-hour PG as a diag-
nostic tool gains traction, clinical OGTT use may increase, 
and clinicians must be reminded of the testing requirements 
to permit proper interpretation.

Perhaps most importantly, as in the case presented here, 
OGTTs are increasingly used in research settings where in-
vestigators may not be aware of the importance of proper 
preparation. Using the search terms oral glucose tolerance 
test or OGTT on clinicaltrials.gov on March 11, 2021, 
yielded >1500 studies that report OGTTs as part of the 
study protocol. As awareness of appropriate instruction 
prior to OGTT is lost and investigators less knowledgeable 
about the issues discussed here employ OGTTs, study out-
comes and their volunteers may be impacted. Investigators 
must therefore be made aware of the activities that can in-
fluence test results and contribute to the overall poor repro-
ducibility of the test, especially with regard to the 2-hour 
post–glucose load value [14, 49-51]. These include patient 
factors (exercise, stress, sleep, smoking, hydration status, 
and consumption of caffeine, alcohol, and carbohydrates) 
and proper collection, storage, and specimen sampling to 
prevent glucose metabolism following blood draw [14].

Conclusion

The case reported herein, supported by decades-old litera-
ture, demonstrates that if the OGTT is administered without 
full understanding or adherence to the specific protocol of 
preparation and administration, it can lead to false-positive 

results, patient distress, and potentially the misdiagnosis of 
diabetes. More research is necessary to understand why a 
single low-carbohydrate meal impacts some individuals. In 
the meantime, as OGTT use increases in an era of low-
carbohydrate diets, provider and patient education about 
dietary preparation for OGTT should be explicit in order 
to avoid false-positive test results. Guidance should also 
recommend against smoking, caffeine consumption, and 
exercise immediately prior to OGTT as they may also im-
pact results [52-54]. Importantly, patients should receive 
dietary instruction to prepare for the OGTT:

• At least 3 days of “unrestricted diet” (moderate- to high-
carbohydrate intake), containing >150 grams of carbo-
hydrates daily

• Ideally, the meal plan should be delivered as 3 daily 
meals containing at least 50 grams of carbohydrates per 
meal

• Perhaps most importantly, the last meal the evening be-
fore the fasting test should include at least 50 grams of 
carbohydrates

• Per WHO recommendations, “the test should be pre-
ceded by an overnight fast of 10–16 hours during which 
water may be drunk”.
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