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Dear Editor,

We thank Dr. Rahim and Dr. Khurshid for their
thoughtful comments regarding our study entitled
“Stress-induced hyperglycemia and expression of
glucose cell transport genes in skeletal muscle of
critically ill patients: a cross-sectional study”(1).
Their insights enrich the ongoing discussion about
the metabolic alterations that occur during critical
iliness. The authors point out several factors that
could confound the interpretation of insulin receptor
substrate 1 (IRS1) downregulation in the context of
stress-induced hyperglycemia. We would like to take
this opportunity to address their concerns.

We agree that both exogenous corticosteroids and
hepatic dysfunction significantly influence glucose
metabolism. In our study, 42% of patients received
corticosteroids at some point during their ICU course,
however biopsies were taken within the first 24
hours of intensive care unit (ICU) admission, before a
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significant corticosteroid effect. It is important to note
that several factors contribute both to augmented
glucose production and insulin resistance in critically
ill patients, some of them not routinely quantified, such
as systemic inflammation (2). In fact, disturbances in
glycemic control due to hepatic dysfunctionin the ICU
areuncommonoutside the settingof acuteliverfailure.
In our study, two patients presented with cirrhosis
Child A, as coagulation disorders were excluded. In the
critically ill patient, hyperglycemia primarily occurs
due to an excess of counter-regulatory hormones, as
well as elevated levels of circulating cytokines acting
on the liver and promoting hepatic gluconeogenesis.
The use of corticosteroids, a known contributor to
hyperglycemia, is extremely common in critically ill
patients (3) and its effects in skeletal muscle gene
expression may be implicated on the underlying
mechanisms of stress-induced hyperglycemia. Despite
these potential confounders, our sample size was not
large enough to allow for adjustments. We recognize
this limitation and suggest that future studies should
either control for or stratify by variables influencing
glucose control to better isolate the contribution
of hyperglycemia itself to the molecular changes in
insulin signaling pathways.

We had previously reported on the downregulated
of INSR during stress-induced hyperglycemia (4). Our

served,
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present study focused on IRS1, IRS2, SLC2A1, and
SLC2A4 due to their well-established roles in glucose
transport and insulin signaling, especially in skeletal
muscle, which is a known target of the sepsis-induced
inflammation. We recognize that insulinresistanceisa
multifactorial processinvolving anintricateregulatory
network, including the skeletal muscle. To point out a
single gene as the culprit is challenging. Indeed, RNA
sequencing would provide a more comprehensive
understanding of these complex dialogue involving the
muscle, the liver, the pancreas, and the immunological
system during critical illness. Our findings should be
viewed as a targeted investigation within a broader
mechanistic landscape.

Despite its limitations, the major positive
aspect of our study is that it offers initial insights
into changes in gene expression related to stress-
induced hyperglycemia, which is a well-established
risk factor for worse outcomes in critical illness (5).
We believe that incorporating broader molecular
profiling, inflammatory markers quantification, and
genetic data will be relevant in future investigations
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to better elucidate the mechanisms underlying insulin
resistance in critical illness.

Disclosure: no potential conflict of interest relevant to this
article was reported.

Data availability: datasets related to this article will be
available upon request to the corresponding author.
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