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Incretin hormones have recently been considered an important pathophysiological factor for 12D in adults and
youth due to their role in augmenting insulin secretion (Michaliszyn et al., 2014). It is recognized that glucagon-like
peptide-1 (GLP-1) and glucose-dependent insulinotropic peptide (GIP) are glucose-dependent hormones
released from the gut that stimulate insulin release from pancreatic B-cells (Muscelli et al., 2006). Thus, the insulin
response to oral glucose is significantly greater than the infravenous (IV) glucose administration response; this is
known as the incretin effect (Michaliszyn et al., 2014). To date, adults with T2D demonstrate a remarkable decrease
in the incretin effect (Nauck et al., 1986), whereas there is lack of evidence in pediatric populations. The incretin
effect is also associated with B-cell glucose sensitivity (BCGS), attesting incretins as a high-promising target for 72D
tfreatment (Michaliszyn et al., 2014). Utilizing GLP-1 receptor agonists can be advantageous as a therapeutic option
for both adults and youth (Tamborlane et al., 2019; Vanderheiden et al., 2016; Yeow et al., 2017).
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Overview

Literature has consistently described that a core defect in the pathogenesis of T2D is pancreatic B-cell dysfunction
against the backdrop of insulin resistance (Michaliszyn et al., 2014). It is proposed that incretins enhance insulin
release by sensitizing pancreatic B-cells fo glucose (Michaliszyn et al., 2014; Muscelli et al., 2006). Thus, incretin
defect could contribute to the p-cell dysfunction, which is considered the most powerful metabolic predictor of
T2D, and the mechanisms surrounding a decreasing incretfin effect have been explored in recent literature
(Michaliszyn et al., 2014).
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Evidence has consistently demonstrated a reduced, and sometimes even absent, incretin effect in adults with
T2D (Nauck et al., 1986). The incretin effect has been quantitated as the percent difference or ratio between the
insulin response seen during an oral glucose tolerance test (OGTT) in relation to IV glucose administration (Muscelli,
et al., 2006; Nauck et al., 1986). During an OGTT, adults with T2D exhibited a significantly reduced (36%) incretin
confribution to the fotal insulin response compared to healthy adults who demonstrated a 73% incretin contribution
in response to oral glucose challenges (Nauck, et al., 1986). Despite no clear difference in the incretin effect
observed between adults with normal glucose tolerance (NGT) vs. impaired glucose tolerance (IGT), the increfin
effect on potentiation (i.e., the phenomenon encompassing glucose-induced and incretin-induced potentiation
of insulin release) differs significantly (Figure 1), emphasizing potential contribution of incretin defects from NGT to
IGT (Muscelli, et al., 2006). Specifically, in IGT adults, a significant rise in GLP-1 corresponded with a flat, unresponsive
fime course of potentiation following an OGTT, whereas adults with NGT expressed a rise in potentiation in
correspondence to anincrease in GLP-1 (Figure 1) (Muscelli, et al., 2006).

To our knowledge, data regarding the incretin effect in IGT and T2D are sparse in pediatrics. One pediatric
study showed that obese adolescents have a reduced incretin effect (estimated by the rafio OGITT-
BCGS/hyperglycemic clamp-BCGS) in both IGT and T2D compared with NGT (32% and 38% reductions,
respectively), with no difference between IGT and 12D (Michaliszyn et al., 2014). It is noted that adolescents with
IGT and T2D exhibit similar circulating concentrations of fotal GLP-1 and GIP to adolescents with NGT following an
OGTT (Michaliszyn et al., 2014). In terms of incretin response (no effects), data are still controversial in adults. One
study showed similar levels of intact GLP-1 and GIP in adults with IGT and T2D compared to NGT following an OGTT
(Lee et al., 2010). In contrast, a different study reported that GLP-1 secretfion was significantly impaired in adults
with 72D vs. NGT (total 2-hour GLP-1 = 16.49 + 14.11 vs. 35.39 £ 15.40 pmol/L, p<0.005) (Zhang et al., 2012).
Furthermore, total 2-hour GLP-1 secretfion was positively correlated with the homeostasis model assessment of -
cell function (r=0.186, p<0.0001) (Zhang et al., 2012), testifying an important interplay of incretin hormones and B-
cell function in the evolution of T2D. Collectively, based on studies in adults and limited pediatric evidence, it is
postulated that absolute concentrafions of GLP-1 and GIP could indicate only a partial segment of the
pathophysiological role in 72D, signifying incretin effects function independent of circulating levels.

Given collective evidence on incretins as a key pathophysiological component of 12D, enhancing incretin
response and its effects has become a promising target of T2D treatment. In line with this interest/potential, new
forms of T2D treatment have targeted GLP-1 receptors. Metformin monotherapy is predominantly used for youth-
onset 12D (Y-T2D), but incretin mimetic drugs are being added to this therapy to improve glycemic control
(Tamborlane et al., 2019). A recent 52-week (26 weeks double blinded and randomly assigned; 26 weeks open
label) phase il clinical trial in obese youth with T2D illustrated that a combination of metformin and liraglutide, an
incretin mimetic, improved glycemic control (measured by glycated hemoglobin [HbA1c]) at 26 and 52 weeks to
a greater extent than metformin freatment alone at 26 and 52 weeks (HbAlc percentage point change from
baseline after 26 weeks =-0.64 vs. 0.42, p<0.001, and 52 weeks = -0.50 vs. 0.80 [p-value not reported]) (Tamborlane
et al., 2019). Additionally, liraglutide has shown potential in adults with longstanding, uncontrolled T2D using high-
dose insulin; compared fo placebo, 6 months of liraglutide freatment improved insulin secretion, measured by area
under the curve (AUC) of C-peptide, during a mixed meal challenge, (AUCc = 1234.6 + 588.6 vs. 922.9 + 470.5
ug/L/min, p = 0.002) (Vanderheiden et al., 2016). Taken together, these studies prove the efficacy of focusing
freatment on GLP-1 receptors rather than solely GLP-1 total secretion.

Considerations

While metformin and insulin were the sole tfreatment options for Y-T2D prior to FDA approval (in 2019) for the use of
GLP-1 agonists, a recent RISE (Restoring Insulin Secretion) clinical trial reported disappointing results that both
metformin alone and insulin glargine for three months followed by metformin for nine months were not effective in
restoring/preserving PB-cell function in youth with prediabetes and T2D (RISE Consortium & RISE Consortium
Investigators, 2019). On the contrary, the role of GLP-1 and the efficacy of the GLP-1 receptors in T2D signifies a
strong target for potential treatment. Additional clinical frials are warranted to see if monotherapy of GLP-1 agonist
vs. combined (metformin + liraglutide) therapy is effective to reserve Y-T2D to prediabetes and/or normal state.
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More importantly, future research should focus on disease prevention rather than treatment to avoid aggressive
complications and metabolic degradations of Y-T2D (RISE Consortium & RISE Consortium Investigators, 2019).
Altogether, it would be germane to investigate whether lifestyle changes (diet, physical activity, exercise medicine)
can improve the incretin effect in conjunction with glycemic control in youth.
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Figure 1. Adopted from Muscelli et al. (2006). Time course of oral-to-1V ratios for insulin secretion rate, potentiation,
and GLP-1in NGT subjects (squares) and IGT subjects (circles). Asterisks denotfe time points at which mean values
differ from baseline (time 0) at the level of P < 0.006.
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