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GLP-1 receptor agonists (GLP-1RAs) increase 3-cell sensitivity to
glucose, leading to the common impression that these drugs raise
blood insulin concentration. However, GLP-1RAs also potently
delay gastric emptying and inhibit upper gastrointestinal tract
motility, thereby slowing the rate of nutrient and specifically car-
bohydrate absorption after a meal. These indirect effects usually
dominate the direct $3-cell effects, resulting in a marked reduc-
tion in postprandial insulin secretion in most people with GLP-
1RA treatment for obesity [1-4]. Notably, the insulin-lowering
action of GLP-1R As occurs immediately upon initiation of treat-
ment (i.e., before improvement in systemic insulin sensitivity re-
lated to weight loss) and persists over the long term, even though
the delay in gastric emptying undergoes partial tachyphylaxis.

These findings raise the possibility that peripheral metabolic
mechanisms involving substrate partitioning may mediate, to
some degree, GLP-1RA-induced weight loss, consistent with the
fuel-partitioning paradigm as formulated in the carbohydrate-
insulin model (CIM) of obesity [5-7]. In support of this possibil-
ity, Maselli et al. [8] previously reported that the magnitude of
delay in gastric emptying rate (GER) caused by liraglutide treat-
ment, measured with the gold-standard method scintigraphy,
was associated with weight loss at 5 and 16 weeks, explaining
about 20% of the interindividual variance according to correla-
tion coefficients.

The recent paper in Obesity by Friedman et al. [9], a secondary
analysis of the same trial, seems at odds with this interpreta-
tion. Also using scintigraphy, the investigators examined the
associations between GER and measures of satiation. In addi-
tion, appetitive measures among liraglutide-treated participants

who displayed either normal, persistently delayed, or transiently
delayed GER were compared. Overall, the investigators report
weak to null associations and no appetitive difference between
GER subgroups, leading them to conclude that delayed gastric
emptying “appears to play little direct role in appetite suppres-
sion induced by liraglutide.”

We believe that the discordant finding between Maselli et al.
[8] and Friedman et al. [9] arises from the inherent imprecision
in the outcomes employed in the latter study, leading to a sub-
stantial underestimation of the true mediating influence of GER
on response to GLP-1RA treatment. In Friedman et al. [9], the
outcome measures—although state-of-the-art—were made at a
single meal, including volume to fullness and maximum toler-
ated volume during Ensure ingestion (methods that have a sub-
jective component) and ad libitum energy intake at a buffet. In
Maselli et al. [8] by contrast the outcome was body weight, an
objective measure reflecting the cumulative effects of hundreds
of meals consumed throughout the trial. To demonstrate this
point, consider that a clinically significant 5-1b weight difference
requires only a 50-kcal difference in energy intake per meal over
16 weeks (assuming three meals per day and no change in en-
ergy expenditure)—an effect far too small to be reliably detected
with the methods and sample size of the new study. (Even with
use of scintigraphy, Maselli et al. [8] would also likely underes-
timate the explanatory power of delayed GER due to residual
imprecision with this method, daily physiological variation in
GER, daily variation in body weight related to hydration status
and gastrointestinal content, unmeasured dietary covariates,
and the complex behavioral influences on weight loss beyond
biological factors.)
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Extensive evidence indicates that GLP-1RAs act on brain areas
controlling food intake through central GLP-1 receptors [10],
with peripheral effects on hunger and satiety involving gastric
emptying mediated through vagal afferents. The marked reduc-
tions in insulin secretion associated with GLP-1RA treatment
may complement these actions through mechanisms delineated
in the CIM. Reduced insulin secretion would shift substrate
partitioning away from storage in adipose, resulting in greater
availability of circulating metabolic fuels to the brain and
other metabolically active organs [5, 6]. Energy released from
body stores in this manner would reduce the need for dietary
energy, helping to decrease hunger and fuel metabolically ac-
tive tissues during ongoing weight loss. Indeed, reduction of
insulin secretion through genetic manipulation (in animals) or
through dietary and pharmacological intervention (in animals
and humans)—to a similar or lesser degree than observed with
GLP-1RAs—results in reduced adiposity, as previously reviewed
[5, 6].

The existence of this systemic metabolic mechanism has more
than theoretical interest. GLP-1RAs and low-carbohydrate diets
may promote weight loss through shared physiological actions
centered on reduced postprandial insulin secretion, suggesting
that their combination could have synergistic effects on obesity
and diseases associated with insulin resistance [11]. This hy-
pothesis receives support from recent preliminary data [12].

In summary, several lines of evidence suggest that the effects
of GLP-1R As may be partially mediated by persistently delayed
GER and the ensuant reduction in insulin secretion. This pos-
sibility, and potential synergy with a low-carbohydrate diet,
should be examined in adequately powered, mechanistically
oriented, long-term trials.
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