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To the Editor: The incretin effect (IE) is a key factor regulating β cell functional response and affecting the dynamics of
insulin secretion (1). The main actors in the IE are the incretin hormones GIP and GLP-1, which are secreted by
specialized enteroendocrine cells in response to glucose, amino acids, and lipids. It is well known that the IE is greatly
reduced in type 2 diabetes (T2D), albeit with considerable variability (2). However, longitudinal studies investigating the
long-term consequences of the impaired IE in individuals without diabetes or those who are prediabetic are still lacking.
To identify possible latent impairments in the IE that could begin in the nondiabetic state, we conducted a study using
acute surgical removal of β cell mass as a surrogate model of the β cell loss occurring during the natural history of T2D.
35 individuals without diabetes scheduled for pancreatoduodenectomy underwent an in-depth metabolic evaluation before
and after surgery (Supplemental Methods and Supplemental Figure 2; supplemental material available online with this
article; https://doi.org/10.1172/jci.insight.175133DS1). Based on postsurgical OGTT-derived glucose tolerance, we
classified the individuals as having normal glucose tolerance (post-NGT) (n = 10), impaired glucose tolerance (post-IGT)
(n = 15), or diabetes mellitus (post-DM) after surgery (n = 10). Baseline characteristics of study participants are shown in
Supplemental Table 1. Before surgery, study participants had similar […]

Research Letter Endocrinology Metabolism

Find the latest version:

https://jci.me/175133/pdf

http://www.jci.org
http://www.jci.org/134/8?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI175133
http://www.jci.org/tags/127?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
http://www.jci.org/tags/20?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
http://www.jci.org/tags/28?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/175133/pdf
https://jci.me/175133/pdf?utm_content=qrcode


The Journal of Clinical Investigation   R E S E A R C H  L E T T E R

1J Clin Invest. 2024;134(8):e175133  https://doi.org/10.1172/JCI175133

To the Editor: The incretin effect (IE) is a key factor regulating 
β cell functional response and affecting the dynamics of insulin 
secretion (1). The main actors in the IE are the incretin hormones 
GIP and GLP-1, which are secreted by specialized enteroendo-
crine cells in response to glucose, amino acids, and lipids. It is 
well known that the IE is greatly reduced in type 2 diabetes (T2D), 
albeit with considerable variability (2). However, longitudinal 
studies investigating the long-term consequences of the impaired 
IE in individuals without diabetes or those who are prediabetic are 
still lacking. To identify possible latent impairments in the IE that 
could begin in the nondiabetic state, we conducted a study using 
acute surgical removal of β cell mass as a surrogate model of the β 
cell loss occurring during the natural history of T2D. 35 individuals 
without diabetes scheduled for pancreatoduodenectomy under-
went an in-depth metabolic evaluation before and after surgery 
(Supplemental Methods and Supplemental Figure 2; supplemental 
material available online with this article; https://doi.org/10.1172/
jci.insight.175133DS1). Based on postsurgical OGTT-derived glu-
cose tolerance, we classified the individuals as having normal glu-
cose tolerance (post-NGT) (n = 10), impaired glucose tolerance 
(post-IGT) (n = 15), or diabetes mellitus (post-DM) after surgery (n 
= 10). Baseline characteristics of study participants are shown in 
Supplemental Table 1.

Before surgery, study participants had similar glucose, insulin, 
and C-peptide responses to a mixed-meal test (MMT) (Figure 1, 
A–C). Likewise, there were no differences in euglycemic hyperin-
sulinemic clamp–derived insulin sensitivity and in GLP-1 and GIP 
secretion over time among the 3 groups (Figure 1, D and E). Fur-
thermore, we assessed the model-derived β cell glucose sensitivity 
(βCGS) during both intravenous and oral stimulation tests. There 
were no differences in hyperglycemic clamp–derived (HC-de-
rived) βCGS among the 3 groups (Figure 1G); however, MMT-de-
rived βCGS was significantly worse in patients who developed IGT 
and DM after surgery (Figure 1F, P < 0.01). We calculated the IE as 
the ratio of MMT-derived βCGS to HC-derived βCGS. The IE was 
significantly reduced in participants who developed IGT or diabe-
tes after pancreatoduodenectomy (Figure 1H, P = 0.01). To verify 
whether the IE was dependent on functional β cell mass, we calcu-
lated HC-derived arginine-stimulated insulin secretion (ISRARG) — 
an indirect index of functional β cell mass, expressing the ability of 
β cells to respond to a maximal stimulus — and regressed it against 
IE values. No correlations were found between the IE and ISRARG 
(Supplemental Figure 1), suggesting that impairments in the IE are 
not related to different β cell functional mass.

Our study demonstrates that preexisting defects in β cell 
response to incretins in individuals without diabetes predict the 
risk of developing impairments in glucose tolerance after acute β 
cell mass reduction by pancreatoduodenectomy. Specifically, we 
observed different metabolic trajectories based on differential β 
cellular responses to MMT and HC stimulation in a homogeneous 

cohort of individuals without diabetes. During both tests, we 
assessed βCGS, which measures the ability of β cells to cope with 
increased glucose levels by increasing insulin secretion. HC-de-
rived βCGS was similar among the 3 groups, while there were sig-
nificant differences in MMT-derived βCGS. Furthermore, only 
participants with a significant reduction in MMT-derived βCGS 
went on to develop IGT or overt hyperglycemia following acute 
reduction of β cell mass, confirming that the increase in insulin 
secretion depends not only on incretin levels, but also on β cell 
response to their action (3).

Moreover, our data showed comparable GIP and GLP-1 lev-
els in response to MMT in the 3 groups, confirming no detectable 
major impairments in incretin secretion in this nondiabetic cohort 
but a significant variability in IE. In particular, only those partic-
ipants with low IE developed IGT or DM. A reduced IE, there-
fore, seemed to predict the metabolic fate of these patients after 
surgery. These data suggest that the loss of the IE — unrelated to 
reduced circulating incretin levels — can also influence the natu-
ral history of T2D. Our findings support the hypothesis that a dys-
functional milieu, an “incretin resistance,” might be responsible 
(beyond incretin levels) for the impairment of the insulinotropic 
effect of incretins, as also observed in genome-wide association 
studies identifying possible genetic variants influencing islet sen-
sitivity to incretins.

Caveats of this study are the extensibility of our metabolic 
model to the actual natural history of T2D and the use of study 
participants who are phenotypically different from most people 
developing β cell dysfunction in a context of obesity. In addition, 
the role of other incretin-like peptides cannot be excluded, even 
though this would not affect the measurement of the IE.

In conclusion, our data confirm that the IE varies greatly 
in humans without diabetes. Importantly, preexisting impair-
ments in β cell function and the IE predict IGT and diabetes 
after partial pancreatectomy. This is consistent with the pres-
ence of “incretin resistance,” a dysfunctional milieu leading to 
the decreased sensitivity of islets to the action of incretin hor-
mones. However, these early defects become clinically evident 
only when glucose homeostasis is affected by acute β cell loss, 
mimicking the pathological loss of functional β cell mass occur-
ring over the natural history of T2D. We believe, therefore, that 
the present findings add important information to the knowl-
edge on the pathogenesis of T2D. On the basis of our previous 
findings (1, 4), a direct link between a reduced IE and impaired 
first-phase insulin secretion cannot be excluded. Further stud-
ies will be necessary to confirm this hypothesis. Detecting early 
defects, even in people without diabetes, could help to identify 
individuals at higher risk of possible future glucose intolerance, 
and strategies to restore the incretin sensitivity of islets could be 
fundamental in preventing and treating diabetes according to a 
personalized medicine approach.
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Figure 1. Functional defects predict diabetes onset after pancreatoduodenectomy despite normal hormone secretion. Glucose (A), insulin (B), C-peptide (C), 
GLP-1 (D), and GIP (E) levels during MMT in the post-NGT (solid lines, green circles), post-IGT (dotted lines, yellow circles), and post-DM (dotted-dashed lines, red 
circles) groups. MMT-derived βCGS (F), HC-derived βCGS (G), and IE (H) in the post-NGT (green), post-IGT (yellow), and post-DM (red) groups. *P < 0.05.
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