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Oral Glucose Tolerance Test: 
An Informative Endpoint or an 
Added Burden in Metformin 
Drug– Drug Interaction 
Studies?
Anees M. Dauki1 , Chia- Hsiang Hsueh1,†, Ganesh Cherala1,† and 
Ahmed A. Othman1,*

For drugs that inhibit organic cation transporters and/or multidrug 
and toxin extrusion proteins, a metformin clinical drug– drug 
interaction (DDI) study is recommended to assess the impact on 
metformin’s systemic exposure. An oral glucose tolerance test 
(OGTT) has been proposed as an additional end point to evaluate 
potential changes in metformin’s efficacy when OCT1 inhibition 
is suspected. Here, we discuss the limitations of the OGTT in 
healthy volunteers DDI studies.

Metformin is a metabolically stable drug 
that is primarily cleared by glomerular fil-
tration and tubular secretion and is a sub-
strate for the organic cation transporter 
(OCT)- 2 and multidrug and toxin ex-
trusion (MATE)- 1 and 2K transporters. 
A metformin clinical pharmacokinetic 
drug– drug interaction (DDI) study is typ-
ically recommended for drugs that inhibit 
OCT2/MATE1/2- K. Systemic exposure 
of metformin, in conjunction with its renal 
clearance, are often used as end points in 
such clinical DDI studies.

Metformin is also a substrate for 
OCT1 and its pharmacodynamic effect 
is mediated by hepatic uptake via OCT1. 
Inhibition of OCT1 may alter metformin’s 

efficacy without impacting its systemic ex-
posure.1 Therefore, metformin’s systemic 
exposure may not fully inform the need for 
dose adjustments when OCT1 inhibition 
is suspected. To overcome this limitation, 
several metformin clinical DDI studies 
have incorporated an oral glucose tolerance 
test (OGTT) as an additional end point. 
Furthermore, a recent commentary from 
the International Transporter Consortium 
proposed detailed metformin DDI study 
design incorporating this additional end 
point.2 The sound scientific rationale cou-
pled with the opportunistic nature of the 
additional end point is compelling, how-
ever, the limitations of conclusions from the 
OGTT assessment in healthy volunteers 

might limit its utility. Here, we summarize 
the limitations of OGTT in healthy volun-
teers clinical DDI study setting.

OGTT IS VARIABLE WITH POOR 
REPRODUCIBILITY
The OGTT has been in use for more than 
100 years and has evolved considerably 
over the course of time. Considerable ef-
forts were made to simplify OGTT and 
decrease its variability. Among elderly 
White subjects, intra- individual variabil-
ity in OGTT was reported to be ~ 17% 
due to biological variability.3 A systematic 
decrease of the plasma glucose values upon 
retests was observed and the magnitude 
of this decrease varied across studies.3 In 
an epidemiological study conducted in 
Tanzania, the variability in OGTT was 
larger with an age effect where younger 
subjects experienced greater difference 
between test and retest.4 The age effect on 
OGTT variability is worth noting given 
that it may confound extrapolation of DDI 
results from young adults often recruited 
in healthy volunteer DDI studies to older 
patients with diabetes mellitus (DM).

HEALTHY VOLUNTEERS ARE NOT 
REPRESENTATIVE OF PATIENTS WITH 
DM
The OGTT was initially developed as a 
diagnostic test for DM.5 Recently OGTT 
has been utilized in a few healthy volunteer 
DDI studies assessing the effect of perpe-
trator drugs on renal transporters to inform 
metformin dose adjustment. However, 
assessment of metformin’s pharmacody-
namic effect in healthy volunteers may not 
be informative for such effect in patients 
with DM. Specifically, healthy volunteers 
and patients with DM exhibit different 
baseline blood glucose levels and different 
magnitudes of blood glucose fluctuations. 
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As OGTT evaluates the effect of carbo-
hydrate ingestion on blood glucose fluc-
tuations, differences in the baseline level 
and response hinder the extrapolation of 
data collected in healthy volunteers to pa-
tients with DM. Sambol et al.6 reported 
differential metformin effects on glucose/
insulin response by meal between age- 
matched healthy volunteers and patients 
with non- insulin dependent DM despite 
similar metformin exposure. Additionally, 
the dose- dependent effect of metformin 
on post- prandial glucose fluctuations was 
observed in patients with non- insulin de-
pendent DM but not in healthy volunteers 
after administration of 850– 2,550 mg met-
formin single doses.6 This may be due to 
the variability and the narrower dynamic 
range of the OGTT in healthy volun-
teers; limiting the utility of the OGTT in 
healthy volunteer DDI studies.

Inconsistent OGTT responses were ob-
served in DDI studies evaluating the inter-
action between metformin and rifampin 
in healthy volunteers7 versus in patients 
with DM8; rifampin increased metformin 
exposure in both healthy volunteers and 
in patients with DM but only altered (in-
creased) the glucose lowering effect of 
metformin in healthy volunteers. Overall, 
despite the limited data informing the ex-
trapolation of OGTT data from healthy 
volunteers to patients with DM, current 
evidence suggests limited predictive value 
of such extrapolation.

OCT1 IS HIGHLY POLYMORPHIC
OCT1 is encoded by solute carrier fam-
ily 22 member 1 (SLC22A1) which is in 
chromosome 6 and encodes OCT1 11 
exons. Several alternatively spliced mRNA 
isoforms can be produced from SLC22A1 
pre- mRNA. Multiple studies showed asso-
ciations between genetic polymorphisms 
of SLC22A1 and metformin disposition, 
efficacy, and safety profiles.9 Notably, 
five variants (rs34130495, rs12208357, 
rs72552763, rs34059508, and rs622342) 
are associated with reduced transporter 
uptake activity.9 Therefore, if OGTT is to 
be implemented as an end point in clini-
cal DDI studies, the polymorphic nature 
of OCT1 and the potential impact on 
OGTT variability and response need to be 
accounted for in the study design, includ-
ing considerations for the sample size and 

pharmacogenetic testing for OCT1 poly-
morphism in evaluated subjects to aid in 
interpretation of the data.

UTILITY OF OGTT IN HEALTHY 
VOLUNTEERS TO ULTIMATELY INFORM 
METFORMIN DOSE ADJUSTMENTS 
IN PRESCRIBING INFORMATION IS 
UNCLEAR
The addition of OGTT in the metformin 
DDI study aims to explore the potential of 
reduced metformin efficacy as a result of 
reduced hepatic exposure in the presence 
of a perpetrator. Given the limitations 
noted above, it is unclear if a change in 
OGTT response in healthy volunteer DDI 
studies can be extrapolated to the patient 
population or can inform the need for dose 
adjustment in clinical practice.

Review of DDI studies reported in the 
University of Washington Drug Interaction 
Database (DIDB) and the corresponding 
product labels suggested limited benefit 
of the OGTT as an end point in healthy 
volunteers’ metformin clinical DDI stud-
ies. In the cases where OGTT was included 
as an end point in metformin DDI studies, 
its relevance in informing the need, or lack 
thereof, for dose adjustments in the labels 
for evaluated drugs was not apparent.

As of February 2, 2022, there were a 
total of 17 metformin DDI studies that  
included OGTT assessments reported 
in the University of Washington DIDB 
(Table S1). Five of these 17 studies re-
ported somewhat altered metformin phar-
macokinetics as a result of interactions 
with the evaluated drugs, but no effect on 
metformin’s OGTT response. Bictegravir/
emtricitabine/tenofovir alafenamide 
(Biktarvy) increased metformin expo-
sure by ~ 40% but had no effect on the 
OGTT response in healthy volunteers. 
Despite the lack of OGTT effect in healthy 
 volunteers, bictegravir/emtricitabine/
tenofovir alafenamide’s United States 
prescribing information (USPI) refers to 
metformin’s prescribing information for as-
sessing the benefit and risk of concomitant 
use of bictegravir/emtricitabine/tenofovir 
alafenamide with metformin. Rifampin 
increased metformin exposure by 13% 
with no impact on metformin’s OGTT re-
sponse in healthy volunteers. The USPI of 
rifampin recommends using rifampin with 
caution in patients with DM, as diabetes 

management may be more difficult with ri-
fampin concomitant use because rifampin 
is known to alter blood glucose concentra-
tions. Whether an OGTT is performed 
or not in healthy volunteers, it seems that 
the pharmacokinetic DDI or other known 
relevant pharmacodynamic impact ends up 
being the driver of the label language, and 
lack of an effect on OGTT in healthy vol-
unteers does not seem to contribute to in-
forming the label. The other three studies 
showed small changes in exposure of met-
formin by the perpetrator drugs, and no ef-
fect on the OGTT response was observed. 
As expected, neither the pharmacokinetic 
nor the OGTT results are described in the 
respective drug labels.

The study that suggested altered met-
formin OGTT response without a change 
in metformin systemic exposure was with 
verapamil as a perpetrator.10 Verapamil 
was reported to inhibit the ability of met-
formin to reduce maximum blood glu-
cose concentrations (ΔGmax) by 62.5% 
and decreased the area under the glucose 
concentration– time curve (ΔAUCgluc) by 
238%. Verapamil- metformin pharmaco-
dynamic interaction (OGTT) is not cur-
rently described in verapamil’s USPI.

Overall, caution needs to be taken when-
ever a perpetrator increases metformin sys-
tematic exposure and conclusions based on 
metformin’s OGTT response in healthy 
volunteers that do not seem to have an im-
pact in informing the drug labels.

CONCLUDING REMARKS
In our view, OGTT as an additional end 
point in metformin clinical DDI studies 
in healthy volunteers is of limited value. 
The small dynamic range of OGTT cou-
pled with variability in response in healthy 
volunteers, and the lack of quantitative 
correlation to potential effect in patients 
reduce the ability to extrapolate the results 
of OGTT effect from healthy volunteers 
to inform dosing recommendations or 
need for metformin dose adjustments in 
patients with DM. As such, metformin 
healthy volunteer DDI studies shall be 
focused on assessing the pharmacokinetic 
interaction. If a pharmacodynamic in-
teraction that is not driven by alterations 
in plasma metformin exposure is sus-
pected, drug interaction studies with the 
proper design in patients with DM may be 
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warranted and the OGTT can be consid-
ered as an end point in these studies.

SUPPORTING INFORMATION
Supplementary information accompanies 
this paper on the Clinical Pharmacology & 
Therapeutics website (www.cpt-journal.com).
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