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  Abstract 
Growth differentiation factor-15 (GDF15) is a stress-responsive cytokine that 
has a significant impact on the health and lifespan of organisms. Although 
GDF15 was identified over 20 years ago, its functionality remains complex and 
has not been fully elucidated. GDF15 has been considered to regulate food in-
take and insulin sensitivity in rodents through the GDNF family receptor alpha-
like (GFRAL) receptor, which increases during pregnancy and many disease 
states. Under normal physiological conditions, GDF15 is expressed at low con-
centrations in multiple tissues. In some pathological conditions, such as tissue 
damage and inflammation, GDF15 may be overexpressed, providing a protec-
tive effect. GDF15 has a certain value as a potential biomarker in many diseases. 
Therefore, the research and application of GDF15 are expected to become an 
important direction for the diagnosis and treatment of related diseases. How-
ever, specific secretion regulation needs further research. This review particu-
larly emphasizes its metabolic regulatory potential and discusses the roles of 
age, gender, lifestyle, and metabolic parameters in regulating GDF15 circula-
tion levels. 
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Research background 

GDF15 was initially described as macrophage inhibitory cytokine 1 and is a distant member of the transforming 
growth factor-beta superfamily. At the end of 2017, the receptor for GDF15 was identified as the GDNF family 
receptor alpha-like (GFRAL) [1]. The discovery of GFRAL reveals the potential mechanism of GDF15 in energy 
balance, weight, and cachexia regulation, which in turn mediates anorexia through a common receptor RET signaling, 
possibly playing an important role in appetite behavior through this axis. GDF15 and GFRAL have therefore become 
attractive targets for metabolic interventions, however, their mediated effects are still difficult to explain through the 
described pathways due to their association with multiple physiological and pathological processes. GDF15 is cur-
rently considered a pleiotropic factor, which can have beneficial or negative effects depending on the cellular envi-
ronment and stress it is subjected to. GDF15 is highly expressed in the placenta and prostate, and also at low levels 
in organs such as the heart, liver, kidneys, pancreas, and colon. It is released by macrophages, vascular smooth muscle 
cells, cardiomyocytes, adipocytes, and endothelial cells after tissue damage, hypoxia, and pro-inflammatory cytokine 
stimulation [2]. Its level is influenced by various factors, including genetic factors, inflammatory reactions, endocrine 
and metabolic diseases, lifestyle, age, and drug use [3]. Under normal physiological conditions, circulating GDF15 
levels are low, typically below 1000 pg/ml, but can increase due to various acute stressors such as sepsis and 
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inflammation, and have a characteristic of sustained elevation in many chronic disease states [4]. By delving into 
these factors, we can better understand the role of GDF15 in different diseases and its potential as a biomarker. 

1. The influence of age and gender on GDF15 levels 

Research has found that GDF15 increases with age, and some studies suggest that when it is elevated for a long time, 
it may become harmful in old age. The expression of GDF15 is very low in healthy individuals and young subjects. 
The level of GDF15 increases sharply in the case of chronic or acute diseases. There are age-related diseases, such 
as cardiovascular diseases, insulin resistance, type 2 diabetes, neurodegenerative changes, chronic renal diseases and 
cancer, and aging independent of health status. GDF15 is one of the most severely up-regulated proteins in the aging 
process. Compared with siblings of similar age, GDF15 is more expressed in subjects with accelerated aging (such 
as Down syndrome patients) [5]. However, its pathophysiological role in the aging process is still poorly understood, 
as several studies have shown that this protein has the opposite function. It is currently unclear whether the increase 
in GDF15 levels in old age has harmful or beneficial effects on the organism. The plasma GDF15 in males is signif-
icantly higher than that in females, and the gender-specific response to stress is different in vivo and in vitro. In 
addition, there is an interaction between gender and age, with GDF15 significantly higher in the elderly and males 
over 70 years old. Sex steroids are unlikely to be an important regulator of GDF15, and the observed difference in 
GDF15 concentration between males and females may be related to the different risk conditions of age-related dis-
eases in males and females [6]. 

2. The effect of diet on GDF15 levels 

Contrary to many hormones that have a clear role in stopping or terminating eating, the circulating levels of GDF15 
in mice do not seem to show significant changes in meal timing [7]. The reports on the effects of fasting on GDF15 
levels in mice are slightly different. It has been found that after fasting mice for 24 hours, GDF15 levels slightly 
increase [8]. It has been previously reported that under conditions of significant weight loss, a decrease in leptin and 
an increase in fibroblast growth due to 21 levels were observed, but at the same time, circulating GDF15 levels did 
not change under the same conditions of weight loss [7]. Similarly, studies have shown that GDF15 levels are not 
stimulated by dietary intake [8]. Interestingly, a group of males and females participated in cyclic GDF15 measure-
ments every 30 minutes during a 24-hour fasting period. The results indicate that the level of GDF15 follows a mild 
biphasic diurnal variation, oscillating about 10% around the mathematical median value of approximately 380 pg/ml, 
reaching its peak around midnight and its lowest point around noon. It is worth noting that stricter fasting does seem 
to have a greater impact. In healthy lean individuals, after strictly limiting calorie intake for 48 hours, GDF15 levels 
doubled. During a 7-day extreme fasting period, GDF15 levels reached a baseline level of approximately 180% on 
the third day and then stabilized at around 118% on the seventh day [7]. Other dietary studies have shown that alt-
hough total body weight decreased by 11% and 13.5% respectively, plasma GDF15 did not change after adhering to 
a low-calorie diet plan for a short period of time (8 weeks) or a long period of time (6 months) [9]. Although short-
term high-fat diet intake with excessive calories has little effect on GDF15 levels, circulating GDF15 levels are af-
fected by long-term intake of high-calorie diets. Mice fed a high-fat diet for 4 months showed a significant increase 
in circulating GDF15, but only after 2 months of a high-fat diet. A diet lacking amino acids can also increase GDF15 
in mice. For example, after 4-8 months of dietary deficiency in methionine choline, serum GDF15 levels increase, 
which is associated with weight loss. In healthy individuals, consuming more than 48% of calories in one week or 
more than 40% of calories in eight weeks does not alter the circulating GDF15 [7]. 

3. The impact of lifestyle on GDF15 levels 

Intense physical activity can also be considered as another source of stress on the body, whose activation involves 
the same system responding to external threats. In this case, GDF15 seems to mediate the effect of high-intensity 
exercise on short-term food intake inhibition. Multiple research reports suggest that in mice, intense physical activity 
can also be considered a stressor that promotes GDF15 elevation in the body, forcing mice to exercise until exhaustion 
increases circulating GDF15 by 4-5 times [10]. In humans, the level of GDF15 in plasma also increases with acute 
exercise [11, 12] and exercise training [13]. For example, some scholars have observed that GDF15 levels increase 
by 34% after 1 hour of exercise and further increase to 64% above resting value after 2 hours of cessation of exercise 
[11]. Smoking has been found to be associated with an increase in GDF15 levels, with smokers having a 26.1% higher 
GDF15 level than non-smokers. This may be due to chronic inflammatory reactions caused by smoking [14]. 
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4. The effect of drugs on GDF15 levels 

Some studies have shown that metformin can increase circulating GDF15 in humans [9], but there is still controversy 
over whether the complete GDF15-GFRAL-RET axis is necessary for metformin's weight loss effect in humans [15]. 
Although metformin is not used as a standalone weight loss drug, these studies do prompt people to reflect on whether 
other drugs, diets, or supplements may still drive the increase of gut-derived GDF15 and have potentially beneficial 
effects on food intake and weight. In addition, the benefits of gut-derived peptide therapy metabolism through GLP1 
and its many analogues have been well applied in clinical practice [16]. It has been reported that injecting once an 
extended form of human GDF15 with a half-life (designed as a recombinant fusion protein) into non-human primates 
suffering from obesity can lead to a sustained increase in GDF15 concentration for 4 weeks, reducing food intake 
and body weight by 2 weeks [17]. Further clinical studies are currently needed to demonstrate the effectiveness of 
GDF15 administration. 

5. The role of multiple metabolic parameters in regulating GDF15 levels 

Recent studies have shown that GDF15 plays a key role in metabolic disorders such as diabetes, obesity, and cardio-
vascular disease. The concentration of GDF15 is related to various metabolic parameters, including blood glucose 
levels, insulin sensitivity, and insulin resistance (IR). GDF15 plays a complex role in the metabolism of blood glucose 
and insulin. The changes in its level not only reflect changes in metabolic status but may also have a direct impact on 
insulin sensitivity and blood glucose control. 

5.1 Upregulation of GDF15 under hyperglycemic conditions 

Studies have found that an increase in blood glucose levels leads to an increase in GDF15 expression. This phenom-
enon may be related to the stress response of cells to high blood sugar environments. When blood sugar levels rise, 
the metabolic state of the body also changes, leading to an increase in the expression of GDF15. In addition, high 
blood sugar can also trigger oxidative stress, which further stimulates the production of GDF15 [18, 19]. For example, 
in patients with diabetes, plasma GDF15 levels are positively correlated with fasting blood glucose (FPG) and gly-
cosylated hemoglobin (HbA1c), which indicates that elevated blood glucose may stimulate the secretion of GDF15 
[20]. The concentration of GDF15 in diabetes patients was significantly higher than that in healthy individuals, and 
its level was related to the course and severity of diabetes. Research shows that the longer the course of diabetes, the 
higher the level of GDF15, indicating that GDF15 may play a certain role as a biomarker in the occurrence and 
development of diabetes [18, 20]. 

5.2 The effect of insulin on GDF15 

Studies have shown that GDF15 is not only affected by blood glucose levels but also by insulin secretion. GDF15 
plays a role in skeletal muscle contraction by promoting insulin secretion, a mechanism confirmed in mouse models 
[21]. GDF15 can enhance glucose-stimulated insulin secretion, activate the classical insulin release pathway, and thus 
improve blood glucose control to a certain extent. In addition, the level of GDF15 is positively correlated with insulin 
resistance, which means that the concentration of GDF15 may increase in cases of insulin resistance. Insulin re-
sistance is an important feature of type 2 diabetes. GDF15 may be used as a potential biomarker of disease by reflect-
ing insulin sensitivity. 

5.3 GDF15 and metabolic syndrome 

In the context of metabolic syndrome, the elevation of GDF15 may reflect the body's adaptive response to insulin 
resistance and hyperglycemia. Research has shown that there is a significant correlation between GDF15 levels and 
body weight, body fat percentage, and body mass index. As weight increases, the level of GDF15 also increases 
accordingly, which may be related to the chronic low-grade inflammatory state caused by obesity [22]. Studies have 
shown that compared to normal patients, patients with BMI>35.0 have significantly increased plasma GDF15 levels 
[23]. Given the role of GDF15 in glucose metabolism and insulin secretion, its level can serve as a predictive factor 
for insulin resistance, helping doctors evaluate the metabolic status of patients. By regulating the level of GDF15, it 
may help to improve insulin sensitivity and blood sugar control, thus providing new ideas for diabetes intervention 
[24]. Although multiple studies have shown the significant role of GDF15 in metabolic regulation, many studies still 
rely mainly on animal models and lack sufficient validation of human data. 
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6. Challenges and prospects of GDF15 in clinical practice 

GDF15 is an important cyclic biomarker, but its complexity associated with various pathological and cellular pro-
cesses makes a comprehensive understanding of GDF15 biology challenging. Therefore, its analysis must always 
consider the biological background in which GDF15 functions, and depending on the type and duration of stress in 
the environment, different roles that this protein plays can be imagined. With these promising results from preclinical 
and model organism work, researchers are exploring their potential as therapeutic targets. The discovery of GFRAL 
reveals the therapeutic potential of GDF15 in regulating energy balance, weight, and cachexia. At this stage, perhaps 
a more promising treatment strategy seems to be to block the effect of GFRAL. Currently, therapeutic interventions 
based on the GDF15-GFRAL axis are actively underway. However, there are still some important issues that need to 
be addressed more comprehensively. Safety is the most important issue for any patient who already has a chronic 
disease. In the case of long-term treatment, drugs must be combined with safety, and the side effects of GDF15 may 
be the main obstacle. Future research needs to be conducted in larger populations to validate the biomarker charac-
teristics and potential mechanisms of GDF15. Overall, although GDF15 has broad prospects as a biomarker, further 
mechanism research and clinical trials are still needed to establish its position in medical practice. 
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