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ABSTRACT

Background: ICU-acquired weakness (ICU-AW) is a significant problem in very sick patients. It can
cause more time on breathing machines, longer hospital stays, and a greater chance of dying. Even
though it's important to diagnose it early, it's hard since the typical ways of assessment are limited.
Objective: The current study discusses the relation between Growth Differentiation Factor 15 (GDF-15)
and muscle weakness acquired in ICU.

Methods: An analysis was conducted to explore the correlation of plasma GDF 15 level with the
incidence of ICUAW and its utility as an early diagnostic biomarker.

Results: High levels of GDF-15 were strongly associated with muscle wasting. Compared to
conventional diagnostic methods, GDF-15 has more potential to identify and predict ICU-AW in an
early phase.

Conclusion: GDF-15 holds great promise as a biomarker for ICU-AW, offering valuable help in early
diagnosis and treatment. Its clinical applications and the modes of treatments associated with GDF-
15 need further studies to bring down muscle losses in critically ill patients.

Keywords: ICU-acquired weakness, Growth Differentiation Factor 15, muscle atrophy, biomarker,
critical illness, prognosis.

INTRODUCTION

Muscle weakness is a prevalent issue in the intensive care unit (ICU). Acute care is necessitated for
primary neuromuscular disorders, including Guillain-Barré Syndrome, myasthenia gravis, amyotrophic
lateral sclerosis, and multiple sclerosis, which can induce weakness, nonetheless these ailments
represent merely 0.5% of total ICU admissions™.

Muscle weakness often arises as a secondary symptom in patients undergoing treatment for other
life- threatening ailments.Intensive care unit-acquired muscle weakness indicates that this
neuromuscular impairment is solely attributable to the critical illness and its related treatments .

Risk Factors

Numerous independent risk factors for the onset of ICU-acquired muscular weakness have been
found, primarily through observational research, albeit frequently not definitively®!.
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Figure 1: Overview of risk factors of ICU-acquired weakness®.

Not modifiable risk factors:

One critical risk factor is the severity of acute illness. The severity of iliness, the occurrence of sepsis
and inflammation, the existence of multiple organ failure, and the duration of mechanical ventilation
and intensive care unit stay were identified as predictive factors ¥,

Patients who are critically ill for prolonged durations are more susceptible to developing weaknesses
while in the intensive care unit .

1. Multiple Organ Failure

2. Mobility Restriction

Modifiable risk factors

Various medications administered to critically sick patients can influence the extent of hyperglycemia
induced by the extreme stress of critical illness and the provision of parenteral nourishment ®. The
likelihood of acquiring muscle weakness in the intensive care unit (ICU) escalates with the dosage
and duration of vasoactive medicines, particularly —agonists .

ICU-acquired weakness has been associated with corticosteroid administration in meta-analyses
encompassing diverse patient cohorts, including those with sepsis. Nonetheless, one study indicated
that preventing hyperglycemia during corticosteroid treatment may confer a protective effect .
Hyperglycemia

Glucocorticoids

Pathophysiology

Critical illness myopathy (CIM)

Reduced muscle mass (Muscle atrophy or wasting)

Reduced Muscle function (Contractile Impairment)

Critical illness polyneuropathy (CIP)

NouobkrwnN=

Clinical Manifestations

The primary characteristics include symmetrical and flaccid weakness of limb muscles, more
pronounced in proximal than distal muscles, together with weakness of respiratory muscles, leading
to challenges in weaning from mechanical breathing. "Ventilator-induced diaphragmatic dysfunction”
(VIDD) denotes the early and time- dependent onset of diaphragmatic atrophy and weakening /.

Diagnosis
Multiple methodologies are employed to identify ICU-acquired muscle weakness. These techniques
evaluate peripheral and/or respiratory muscle strength.

Assessment of peripheral muscle strength
A clinical assessment of muscle strength is essential for diagnosing ICU-acquired muscle weakness.
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1. Volitional functional testing .
2. Electrophysiological testing 1.
3. Imaging and others "%,

Treatment of ICU-AW

The management of ICU-AW mostly relies on prevention, as there is still no effective treatment
available. Consequently, it is crucial to prevent or address infection and inflammation promptly to
mitigate the risk of ICU-acquired weakness (ICU-AW). Timely intervention for sepsis can avert the
onset of muscle damage caused directly and indirectly by inflammation and facilitate the prompt
restoration of physical function, hence diminishing the prevalence of muscular weakness "V,

Tight glycemic control may prevent ICU-AW, but it carries significant dangers; research indicates an
elevated mortality risk associated with stringent glucose management, probably related to
hypoglycemia. The ideal glucose levels are still debated; nevertheless, evidence from multicenter
randomized controlled trials indicates that moderate blood glucose levels may be safer '4.

Biomarkers in diagnosis of muscle weakness acquired in ICU

The use of biomarkers could allow better targeting of future novel therapies. Creatine kinase may be
increased in patients with ICUAW but is not a good biomarker. Plasma levels of neurofilaments, which
are biomarkers of axonal injury, are also elevated in patients with ICUAW. Peak neurofilament levels
showed good discriminative power for weakness but this peak only occurred after patients were
clinically evaluable and therefore did not allow early diagnosis. Although no validated biomarkers are
available currently, identification of new mediators involved in the development of ICU-AW, such as
GDF-15, may represent promising future candidates .

Growth differentiation factor-15 (GDF-15)

Growth differentiation factor-15 (GDF-15) is a transforming growth factor (TGF-) protein associated
with the pathogenesis of various diseases, including muscle atrophy, chronic obstructive pulmonary
disease (COPD), cancer, and pulmonary hypertension .

GDF15 was initially identified as macrophage inhibitory cytokine-1 (MIC) in 1990. GDF15 is a member
of the transforming growth factor-beta (TGF-B) superfamily and is considered a stress-response
component of TGF-B. GDF15 is encoded by human chromosome 19p13.11-13.2, which was cloned in
1997 by macrophage activation. GDF15 is generally present in low concentrations, except in the
placenta, where it is substantially expressed during pregnancy. GDF15 levels are elevated during
pregnancy and after organ injury, particularly in the lungs and liver. Under physiological settings, it is
predominantly expressed by adipocytes, skeletal muscle, smooth muscle, cardiac muscle cells, and
macrophages "%,

The function of GDF 15 in several pathologies

The precise function of GDF15 is not fully understood; however, it is crucial in regulating cell
proliferation, apoptosis, and inflammatory activity. Thus, GDF15 is recognized as a predictive
biomarker in oncology, inflammatory disorders, and cardiovascular problems. GDF15 is
overexpressed in multiple cancer cell types, including renal, prostatic, colorectal, urothelial, and
melanoma. GDF15 induces weight loss by suppressing appetite; hence, neutralizing antibodies
against GDF15 may mitigate cancer-induced cachexia " ™.

Moreover, GDF15 may function as both an anti-inflammatory and pro-inflammatory signal in many
cardiovascular problems. The p53 protein has been demonstrated to enhance the production of
GDF15 during inflammation and oxidative stress. Moreover, the secretion of GDF15 is stimulated by
several growth factors and cytokines, including TGF-B, tumor necrosis factor (TNF)-q, interleukin-18
(IL-1B), macrophage colony- stimulating factor (M-CSF), angiotensin Il (Angll), and p53 (Figure (3)).
Moreover, endoplasmic reticulum stress was considered a crucial role in the production of
macrophage GDF1 due to the saturation of free fatty acids and the activation of the unfolded protein
response. These data indicate that GDF1 expression occurs in several cell types under both healthy

and pathological situations ..
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Figure 3: Activation of growth differentiation factor 15 (GDF15) and its action "®,
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GDF15 is activated by TGF-B (transforming growth factor-B), TNF-a (tumor necrosis factor-a), IL
(interleukin)-1B, M-CSF (macrophage colony-stimulating factor), Angll (angiotensin Il) and p53. GDF15
stimulates immune cells and activates glial-derived neurotrophic factor family receptor a-like (GFRAL)
in the brain. In addition, GDF15 counteracts hepcidin which increased in various viral infections
including SARS- CoV-2 due to the elevation of IL-6 "%,

GDF15 is associated with the progression of many cardiometabolic diseases and cancer. Recent
research indicates that GDF15 is classified as a cytokine with anti-inflammatory properties that
enhances insulin sensitivity, potentially reducing body weight and improving clinical outcomes in
diabetic patients. In healthy individuals, elevated GDF15 expression diminishes hunger and
inflammation while enhancing insulin sensitivity. In chronic metabolic and inflammatory illnesses, the
overexpression of GDF15 may lead to desensitization of central and peripheral GDF15 receptors,
resulting in elevated serum levels of GDF15 ",

Additionally, GDF15 levels have been observed to elevate in numerous cardiometabolic and
inflammatory conditions, such as heart failure and rheumatoid arthritis. A systematic analysis
encompassing 21 clinical investigations demonstrated that GDF15 serum levels are considered a
novel biomarker for heart failure '

A prospective study involving 46 patients with rheumatoid arthritis and 36 matched healthy controls
demonstrated that serum levels of GDF15 were elevated in rheumatoid arthritis patients compared to
the controls %%,

GDF15 stimulates the glial-derived neurotrophic factor family receptor a-like (GFRAL), which is
prominently expressed in the brain stem, to produce taste aversion. The GFRAL receptors facilitate
the metabolic effects of GDF15. Dysregulation in the expression and sensitivity of GFRAL receptors
may be involved in the etiology of diabetes mellitus and obesity #.

The serum level of GDF15 is associated with the severity of COVID-19. A small prospective study with
58 COVID-19 survivors and 8 non-survivors indicated that elevated serum GDF15 levels correlated
with increased mortality *?. Ahmed et al. established that elevated GDF15 serum levels serve as a
predictive biomarker and are associated with the severity of COVID-19 . Teng et al. noted that
fluctuations in GDF15 serum levels are associated with the advancement of SARS-CoV-2 infection and
may serve as a marker for COVID-19 severity. Consequently, GDF15 serum levels may serve as a
potential diagnostic and prognostic biomarker in critically ill COVID-19 patients 4.

GDF-15 and Skeletal Muscle

Elevated GDF-15 levels have been noted in many clinical diseases when muscle function is
compromised, as a component of tissue stress responses. The impact of GDF-15 induction on
muscle tissue repair remains ambiguous, whether it is predominantly advantageous or harmful. A
direct catabolic effect on mouse skeletal muscle cells has been demonstrated both in vivo (Patel et
al., 2019%%) and in vitro (Patsalos et al., 2021%).
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GDF-15 seems to induce fibrotic alterations mediated by the TGF-B pathway through the
downregulation of muscle-protective microRNAs. Nonetheless, a beneficial impact of GDF-15 on
myoblast proliferation has been proposed, facilitated by the activation of regeneration-enhancing
processes in macrophages %,

GDF-15 is co-expressed with established muscle regeneration-associated growth factors under the
regulation of peroxisome proliferator-activated receptor y (PPARy) and retinoid X receptor a (RXRa),
and is preferentially expressed in a subset of macrophages that participate in muscle repair. The
conflicting actions of the same cytokine may be elucidated by advantageous effects driven by cell-
specific and timely production, which could activate distinct processes in contrast to those induced
by systemic overexpression. Chronically raised circulating GDF-15 levels induce detrimental effects
on growth and metabolism and are associated with an increased risk of all-cause death .

Sarcopenia

GDF-15, a cytokine generated by stress, is regarded as a biomarker of biological age. In aging,
compromised mitochondrial activity is a significantly correlated process, leading to the accumulation
of reactive oxygen species and ensuing oxidative stress-induced tissue damage. Although gradual
increases in circulation GDF-15 with age may not be detrimental, significant elevations of GDF-15
negatively impact muscle mass and correlate with reduced muscular strength %2,

In mouse models, elevated serum and muscle concentrations of GDF-15 in aged mice result in
diminished food consumption, weight reduction, and decreased skeletal muscle mass and
functionality %,

The muscle tissue itself actively facilitates the increase of circulating GDF-15. Murine myotube
cultures can be induced to synthesize GDF-15 using oxidative and endoplasmic reticulum stresses
that replicate age-associated stress ®% Although a strong and constant correlation between GDF-15
and muscle catabolism is shown in animal studies, this is less pronounced in human investigations.
Certain studies associate sarcopenia, frailty, and diminished physical performance in elderly
individuals with elevated circulating GDF-15 levels ¥ while other research indicates gender-specific
variations or fails to identify a correlation ®¥ and some findings suggest that GDF-15 levels do not
serve as predictors of sarcopenia .

Mitochondrial Myopathy

GDF-15 blood concentrations seem to be especially valuable in diagnosing early-onset mitochondrial
myopathy and in detecting mtDNA deletions and translation abnormalities. Muscle cells impacted by
mitochondrial diseases actively produce and secrete GDF-15 4, leading to increased cytokine levels
in patients. Serum GDF- 15 exhibited remarkable diagnostic sensitivity and specificity approaching
100%, with an AUC of 0.997 in a cohort of 48 patients diagnosed with mitochondrial
encephalomyopathy, lactic acidosis, and stroke-like episodes (MELAS), Leigh syndrome, or Kearns-
Sayre syndrome (KSS) . Serum GDF-15 exhibited a sensitivity of 70%, specificity of 90%, and an AUC
of 0.82 in a varied cohort of 16 individuals with molecularly proven mitochondrial diseases. Serum
GDF-15 levels were elevated in patients with TK2 abnormalities, MELAS, MT- TL1 deficiencies
encoding mitochondrial tRNA leucine, as well as in those with Pearson syndrome and Kearns- Sayre
syndrome 3¢,

Weakness acquired in the Intensive Care Unit

GDF-15, a cytokine, is a crucial regulator of the equilibrium between protein synthesis and catabolism
and may participate in the activation of proteolytic pathways ®”\. Overexpression in the human body
can diminish muscle protein synthesis and induce muscular atrophy 8.

In the study by Xie et al., the GDF-15 level in the ICU-AW group was markedly elevated compared to
the non- ICU-AW group until the seventh day ®¥. A bedside ultrasound examination concurrently
indicated a considerable reduction in the cross-sectional area of the patient's left rectus femoris
muscle.l;;Ilqe findings indicated that ICU-AW patients experienced considerable acute skeletal muscle
atrophy ™.

Bloch et al. found that GDF-15 levels were increased in high-risk patients following cardiac surgery in
the ICU. Subsequently, they conducted in vitro tests to verify that GDF-15 induces myotube atrophy.
Moreover, their research revealed that GDF-15 can suppress muscle miRNA expression and facilitate
muscle atrophy by enhancing the sensitivity of TGF- signaling. This conclusion was derived from the
examination of muscle biopsies of the rectus femoris in patients with ICU-acquired weakness ¥,
GDF-15 has been identified as an effective biomarker for muscular atrophy, demonstrating a strong
connection with bedside ultrasonography assessments of rectus femoris muscle mass reduction. Xie
et al. ®¥ evaluate the magnitude of muscular atrophy in ICU-AW patients collaboratively. Additionally,
they are associated with the MRC score, which indicates the patient's muscular function.
Consequently, they might enhance one another and cooperate. The plasma GDF-15 level and RFcsa
loss may facilitate the early diagnosis of ICU-AW in patients, especially those in a coma or under
https://ijmtim.or 1135
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Xie et al. (2020) ®®¥ found that elevated plasma GDF-15 levels on the seventh day correlate with
reduced 90-day survival rates in mechanically ventilated ICU patients, aligning with increased mortality
in critically ill patients diagnosed with ICU-AW ¥,

This also demonstrated that ICU-AW adversely affects the quality of life and prognosis of critically ill
patients. The discussion indicated that the prolonged ventilation time in ICU-AW patients may stem
from their weakened respiratory muscles, thereby elevating the risk of problems such as ventilator-
associated pneumonia and the failure rate of tracheal intubation extubation ¥". Moreover, limb
weakness prolongs the patient's bed rest, resulting in difficulties associated with being bedridden ¥2.
Xie et al.®® determined that the persistent increase in plasma GDF-15 concentration is substantially
correlated with skeletal muscle function and muscle atrophy in ICU patients undergoing mechanical
ventilation. The plasma GDF-15 level on the seventh day exhibits a significant diagnostic yield for ICU-
acquired muscular weakness and is identified as a "ideal" potential biomarker for muscle mass
depletion in ICU-AW patients. A consistently high plasma GDF-15 concentration indicates a potentially
adverse prognosis, and the plasma GDF- 15 level on the seventh day can forecast the 90-day survival
outcome of mechanically ventilated ICU patients.

CONCLUSION

ICU-acquired weakness (ICU-AW) is a serious problem in severely ill patients. It may result in
prolonged time on a ventilator, longer ICU stay, and greater death. Growth differentiation factor 15
(GDF-15) has been found to be a valuable marker for diagnosis and prognosis of ICU-AW. It is strongly
linked with muscle wasting and adverse outcomes.

As a TGF-B family stress-response cytokine, GDF-15 plays a role in muscle wasting, inflammation, and
metabolic stress. Studies show that chronically elevated GDF-15 levels lead to muscle wasting and
are also predictive of decreased ICU survival. In contrast to traditional diagnostic approaches, GDF-15
offers early detection and prognostic value, and as a result, is a more suitable biomarker for ICU-AW.
Despite the promise, more research is required to establish reference levels and explore therapeutic
targeting. In conclusion, GDF-15 is an effective marker for the diagnosis and prognosis of ICU-AW
early. Its introduction into clinical practice can help improve patient management, but more validation
is needed in order to achieve maximum usefulness and develop targeted interventions.
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