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The muscle-liver axis, well known in cirrhosis, is also important in the multisystem disease known as metabolic
dysfunction-associated steatohepatitis (MASH). The convincing results obtained with a triple peroxisome
proliferator-activated receptor (PPAR) agonist in this setting confirm this hypothesis, demonstrating a beneficial
effect not only on the severity of MASH in terms of steatosis, inflammation and fibrosis, but also in terms of
hepatic and muscle insulin sensitivity. The pathophysiology of MASH and mechanism of action of triple PPAR
agonist suggest that this may be related to improved lipid management in skeletal muscles and highlights the
importance of studying the muscle-adipose tissue-liver axis in the management of MASH.

The muscle-liver axis is well described in cirrhosis, with numerous
mechanisms explaining both the muscle consequences in advanced
chronic liver disease and potential hepatic abnormalities due to muscle
dysfunction [1-3]. This bi-directional muscle-liver connection also
operates in cases of insulin resistance [4], as demonstrated by the
reference technique, which is the hyperinsulinemic-euglycaemic clamp
[5]. The liver-muscle axis is also present in metabolic
dysfunction-associated steatotic liver disease (MASLD), which is closely
linked to insulin resistance [6], already before cirrhosis occurrence [7].
Interestingly, MASLD patients in non-cirrhotic stages do not present
sarcopenia but myosteatosis [8]. This may explain a decrease in muscle
density on imaging and an increase in muscle volume [9]. Interestingly,
myosteatosis, assessed by muscle density relative to muscle volume,
characterises  cases of severe MASLD (and  metabolic
dysfunction-associated steatohepatitis or MASH) [9-11]. MASLD should
thus be understood as a multisystem disease, and ideal treatment should
consider these connections [4]. The recent results presented in the
Journal of Hepatology support this evidence, demonstrating that lanifi-
branor, a triple peroxisome proliferator-activated receptor (PPAR)
agonist, which has been shown to be effective in resolving MASH and
regressing fibrosis in just 6 months in the NATIVE study [12], reduces
not only hepatic steatosis but also hepatic and muscle insulin resistance,
using the gold standard clamp technique [13]. To advance in this
fascinating field, several avenues could be explored.

Firstly, due to the connection between MASH and myosteatosis and
the possible harmful role of skeletal muscle in this situation [14], it
would be interesting to know whether lanifibranor induces a modifica-
tion in the amount of muscle lipids. This could be an easy-to-measure
indirect marker in the future. The significant increase in glucose uti-
lisation demonstrated by the lanifibranor treatment [13] could be an
indirect sign supporting this hypothesis. Several experiments using
PPAR-q, & or y agonists alone or in combination also support this action,
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as demonstrated in a recent review article [15]. However, this has not
yet been proven in individuals with MASLD/MASH and myosteatosis
treated with lanifibranor [15]. It could also be possible that PPARy
activation increases intramuscular adipocytes, which would increase
myocyte insulin sensitivity through a paracrine effect due to an
improved lipid management and safer storage [15]. The inclusion of
patients undergoing muscle biopsies, magnetic resonance imag-
ing/spectroscopy and intervention would help answer this crucial
question, both in terms of pathophysiology and treatment benefit. It is
indeed conceivable that the benefit of intervention depends (in part) on
the management of muscle lipids [9,15,16].

Secondly, following on from this line of thinking, it seems essential to
deepen our understanding of communication between the liver and
skeletal muscles [14]. The authors show that the increase in peripheral
glucose utilisation during clamp strongly correlates with a decrease in
hepatic steatosis [13]. The evaluation of hepatokines, adipokines and
myokines would be interesting to advance our understanding of
communication between the three organs. For example, fetuin-A and
selenoprotein-P, originating from the steatotic liver can lead to insulin
resistance in adipose tissue or skeletal muscle [4,17]. Other numerous
mediators from the liver to the muscle are possible, such as bile acids,
which are linked to both fibrosing MASH and insulin resistance [18] and
whose levels are also modulated by PPARa/8 agonists [15]. Conversely,
irisin, for example, an exercise-induced myokine is able to reduce he-
patic oxidative stress and fibrogenesis but is downregulated in skeletal
muscle in the context of MASLD and insulin-resistance [19].

Thirdly, although skeletal muscle uptake is likely responsible for the
majority of glucose disappearance with a high-dose insulin infusion
protocol, a more accurate assessment of muscle-specific insulin sensi-
tivity in type 2 diabetes and treatment with lanifibranor could be pro-
vided by measuring radioisotopes and/or insulin signalling in the
muscles during clamping [20].
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Finally, data on muscle function in MASLD patients and its evolution
following intervention would also be interesting to collect. It is logical to
imagine that muscle insulin resistance and/or myosteatosis have a
negative impact on muscle function [14]. The assessment and longitu-
dinal follow-up of parameters such as the well-described liver frailty
index in patients with cirrhosis could be evaluated [1]. As for cirrhosis, it
will be interesting to determine the muscle parameter most closely
linked to the severity of MASLD, the occurrence of complications and the
response to interventions [1].

In conclusion, these positive and elegant data on the overall bene-
ficial effect of lanifibranor on peripheral insulin sensitivity open up
interesting prospects for the value of adding skeletal muscle to the ad-
ipose tissue-liver cross-talk in the management of MASH.
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