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ABSTRACT

Aims: The aim of this study was to investigate the relationship between fibroblast growth factor 21 (FGF-21) levels and coronary
artery calcium (CAC) scores calculated using the Agatston method, and to evaluate the potential of FGF-21 as a non-invasive
biomarker for the assessment of coronary artery calcification.

Methods: A total of 54 adult individuals who had undergone coronary CT angiography within the past three months solely for
cardiovascular risk assessment were prospectively included in the study. Serum FGF-21 levels were measured using the ELISA
method, and CAC scores were determined via the Agatston scoring system. The relationship between FGF-21 levels and CAC
scores was analyzed using Spearman’s correlation test.

Results: A significant and strong positive correlation was observed between FGF-21 levels and CAC scores (r=0.725,
p<0.001). Diabetes mellitus and hyperlipidemia were significantly associated with higher CAC scores (p=0.006 and p=0.024,
respectively), whereas their associations with FGF-21 levels were not statistically significant (p=0.065 and p=0.104). No
significant correlations were found between FGF-21 levels and other variables such as age, gender, hypertension, or biochemical
parameters.

Conclusion: The findings suggest that serum FGF-21 levels may be associated with coronary artery calcification and could
serve as a non-invasive and easily applicable biomarker in individuals for coronary artery disease. FGF-21 may be particularly
useful in clinical settings where access to advanced imaging modalities is limited.
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INTRODUCTION

Fibroblast growth factor 21 (FGF-21) is a hormone secreted
by hepatocytes and has a regulatory effect on different tissues,

Vascular calcification is an advanced stage of atherosclerotic
plaque formation and serves as a marker that indicates an

including cardiomyocytes, immune cells, and fibroblasts. ~increased risk of cardiovascular events.

By acting on energy metabolism, oxidative stress, fibrosis, ~FGF-21 plays a key role in energy balance and lipid and

and inflammation; FGF-21 has been shown to be a possible
cardioprotective molecule.!

FGF-21 has been shown in studies to play a protective role
in several cardiovascular diseases, including MI, diabetic
cardiomyopathy, and atherosclerosis.?* In addition, FGF-21
levels help to predict the prognosis of many heart diseases,
such as MJ, hypertension, and cardiomyopathy.>-

glucose metabolism. Its levels rise in conditions like obesity,
type 2 diabetes, and metabolic syndrome—major risk factors
for cardiovascular disease—linking elevated FGF-21 to
increased cardiovascular risk.®

FGF-21 is thought to protect against atherosclerosis by
regulating several cellular events. It may attenuate endothelial
dysfunction through multiple pathways. For example, co-
culture of human umbilical cord vascular endothelial cells
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(HUVECSs) with FGF-21 delayed endothelial senescence by
increasing silent information regulator 1 (SIRT1).°

An in vitro study explored the impact of FGF-21 on HUVEC
pyroptosis triggered by oxidized low-density lipoprotein.
The results revealed that FGF-21 could suppress HUVEC
pyroptosis through the involvement of reactive oxygen species
and specific protein pathways.!° In apolipoprotein E-/- (apoE-
/-) mice, FGF-21 was found to reduce endothelial apoptosis
by inhibiting the Fas signaling pathway.!! Moreover, FGF-
21 exerts its effects by inhibiting the NLRP3 inflammasome
pathway.!? Additionally, an in vivo study demonstrated that
FGF-21 alleviates atherosclerosis by inhibiting the NF-kB
pathway in endothelial cells.'®

In vitro studies show that FGF-21 inhibits foam cell formation
and macrophage apoptosis, offering protection against
atherosclerosis. It enhances cholesterol efflux by inducing
autophagy, upregulating ATP-binding cassette transporters
Al and G1 pathways.!*18

In mice treated with a high-fat diet and low-dose
streptozotocin, FGF-21 inhibits the migration and
proliferation of vascular smooth muscle cells.'® Additionally,
FGF-21 can promote the secretion of adiponectin, which
exerts an atheroprotective effect by reducing endothelial
dysfunction. This mechanism prevents the conversion of
macrophages into foam cells and inhibits the proliferation
of vascular smooth muscle cells.?’ Administration of
recombinant human FGF-21 (thFGF21) has been shown to
protect against atherosclerotic plaque formation.?!

In mice, treatment with an FGF-21 analog resulted in a
reduction of atheromatous plaques and a decrease in lipid
levels.?? Additionally, the application of rhFGF21 in mice has
been shown to reduce the severity of atherosclerotic lesions
and increase the stability index.’

CAC score is a valuable tool for cardiovascular risk assessment
but requires imaging methods like CT angiography, which
involve radiation, cost, and limited accessibility. Since FGF-
21 is linked to metabolic activity and vascular remodeling,
this study investigated whether serum FGF-21 levels are
associated with CAC scores (Agatston method) to explore its
potential as a biomarker for coronary calcification.

METHODS

All procedures were approved by the Ethics Committee of
Ankara Bilkent City Hospital (Date: 29.05.2024, Decision No:
TABED 2/209/2024) and were carried out in accordance with
the principles of the Declaration of Helsinki. This prospective
study was conducted at Ankara Bilkent City Hospital
between May 29, 2024 and November 29, 2024. A total of 103
patients who had undergone coronary computed tomography
angiography (CTA) within the previous three months and
presented to the internal medicine outpatient clinic were
evaluated. Of these, 54 adult patients who met the inclusion
criteria were enrolled in the study (Figure 1). Patients
included in the study had no active coronary symptoms,
electrocardiographic changes, or clinical signs of acute
myocardial infarction. Coronary CTA had been performed
within the prior three months solely for cardiovascular risk
assessment purposes. No patient underwent invasive coronary
angiography. Demographic characteristics, medical history,
and biochemical data were recorded for all participants.

Individuals with chronic kidney disease, alcohol addiction,
a history of coronary artery stenting or revascularization,
coronary artery bypass surgery, or malignancy were excluded
from the study. Coronary CT images were retrieved from the
hospital imaging system and evaluated by a single radiologist.
Coronary artery calcium (CAC) scores were calculated
using the Agatston method, which is commonly applied
in both clinical and research settings to quantify coronary
calcification and stratify cardiovascular risk.24 Venous blood
samples were collected in the morning after overnight fasting.
Serum levels of FGF-21 were measured using a sandwich
enzyme-linked immunosorbent assay kit (SEC918Hu96,
species: Homo sapiens), intended for research use only.
The assays were performed at the Central Biochemistry
Laboratory of Ankara Bilkent City Hospital in accordance
with the manufacturer’s instructions.

103 screened patients
Chronic kidney disease ,Alcohol

¥ addiction History of coronary
¥l artery stent placement or any
coronary intervention, History of
coronary bypass
surgery.Malignancy

Exclusion criteria

49 participants
were excluded
from the study.

Are there any
exclusion criteria?

Measurement of

54 adult participant:
Cu participants FGF21 levels

Figure 1. Study flowchart
FGF-21: Fibroblast growth factor 21

Statistical Analysis

Categorical data were presented as counts (with percentages
within the group) and compared between groups using
the Chi-squared test. The distribution of continuous data
was assessed with histograms and Shapiro-Wilk’s test in
each group. Normally distributed data were expressed as
meantstandard deviation, while non-normally distributed
continuous data and ordinal data were reported as median
(25™ percentile-75™ percentile). Spearman’s correlation test
was used to assess the relationships between Agatston calcium
scores and FGF-21 values with all continuous data. Statistical
analyses were performed with SPSS software (version 26.0,
Chicago, IL, USA). A power analysis was conducted for the
study, and it was determined that a minimum of 40 patients
was required, with a statistical power of 80% and an alpha
level of 0.05.

RESULTS

The demographics of the entire study population are
summarized in Table 1. The mean age of the participants
was 53.6+8.66 years. Among the population, 29 participants
(53.7%) were female. Regarding comorbidities, 18 (33.3%)
had diabetes mellitus, 23 (42.6%) had hyperlipidemia, and
17 (31.5%) had hypertension. These characteristics provide
important context for understanding the health status and
potential risk factors within the study population.
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Table 1. Demographics and comorbidities of all population

Age, mean+SD 53.6+8.66
Female gender, n (%) 29 (53.7)
Diabetes mellitus, n (%) 18 (33.3)
Hyperlipidemia, n (%) 23 (42.6)
Hypertension, n (%) 17 (31.5)

SD: Standard deviation

In the overall study population, the median Agatston calcium
score was 6 (IQR: 0-41) (Table 2). A statistically significant
positive correlation was observed between FGEF-21 levels
and the Agatston calcium score (median FGF-21: 43.26 pg/
ml, IQR: 35.29-59.02; p<0.05), suggesting a potential link
between FGF-21 and subclinical coronary atherosclerosis.
Additionally, the systemic immune-inflammatory index
(SIT) was found to be moderately elevated in the population
(median: 534, IQR: 403-642), although no statistically
significant correlation with calcium score was detected.
Other hematological and biochemical parameters, including
neutrophil, lymphocyte, and leukocyte counts; hemoglobin;
platelet count; urea; creatinine; uric acid; and lipid profile,
were within expected reference ranges for a general
population with cardiovascular risk factors. These variables
did not show statistically significant associations with
coronary calcium score in the current analysis.

Table 2. Agatson calcium score and laboratory parameters of all

population

Median (IQR)
6 (0-41)
43.26 (35.29-59.02)

Parameters
Agatson calcium score

FGF 21 (pg/ml)

Neutrophil (/L) 4550 (3850-5190)
Lymphocyte (/uL) 2180 (1860-2720)
Leucocyte (/uL) 7245 (6270-9110)
Hemoglobin (g/dl) 14.2 (13.3-15.6)
Platelet (/L) 270500 (222000-320000)
Systemic immune inflamatory index 534 (403-642)
Urea (mg/dl) 30 (26-34)

Uric acid (mg/dl) 5.1 (4.5-5.6)

0.78 (0.66-0.91)
204 (188-237)

Creatinine (mg/dl)
Total cholestrole (mg/dl)

Triglyceride (mg/dl) 171 (112-223)
HDL cholestrole (mg/dl) 42 (35-51)
LDL cholestrole (mg/dl) 124 (106-145)
VLDL cholestrole (mg/dl) 34 (22-45)

Non-HDL cholestrole (mg/dl) 161 (134-193)

IQR: Interquartile range, FGF-21: Fibroblast growth factor 21, HDL: High-density lipoprotein,

LDL: Low-density lipoprotein, VLDL: Very low-density lipoprotein

As shown in Table 3, in the analysis of Agatston calcium
scores and FGF-21 levels across various subgroups, no
significant correlation was found between age and Agatston
score (p=0.233), although a weak positive correlation was
observed between age and FGF-21 levels (p=0.17). Similarly,
no significant correlation was observed between gender and
either Agatston score (p=0.339) or FGF-21 levels (p=0.931). A
significant positive correlation was found between diabetes
and Agatston score (p=0.006), with higher calcium scores
observed in diabetic patients, while no significant correlation

was found for FGF-21 levels (p=0.065). Additionally, a
significant correlation was found between hyperlipidemia
and Agatston score (p=0.024), with higher calcium scores
in patients with hyperlipidemia, although no significant
correlation was observed for FGF-21 levels (p=0.104).
Finally, no significant correlations were found between
hypertension and either Agatston score (p=0.437) or FGF-
21 levels (p=0.202). These findings suggest that diabetes and
hyperlipidemia are significantly associated with Agatston
calcium scores, whereas FGF-21 levels show less significant
associations with these factors.

Table 3. Comparison of Agatson calcium score and FGF21 levels between

subgroups with Spearman’s correlation test

Agatson FGEF-21
Median Median
(IQR) (IQR) P
Age 0.17 0233
50 or younger (n=17) 1(0-12) 37.5 (35.3-50)
51 or older (n=37) 8 (0-78) 45.3 (36.9-60.9)
Gender 0.339 0.931
Male (n=25) 10 (0-46) 41.5 (35.6-57.8)
Female (n=29) 3 (0-25) 45 (35.3-59)
Diabetes mellitus 0.006 0.065
No (n=36) 1(0-12) 40 (34.7-51.2)
Yes (n=18) 23 (3-86) 48.1 (39.7-68.7)
Hyperlipemia 0.024 0.104
No (n=31) 1(0-12) 37.5(34.4-53.4)
Yes (n=23) 23 (0-86) 46.2 (38.7-68.7)
Hypertension 0.437 0.202
No (n=37) 5 (0-22) 40 (34.4-53.4)
Yes (n=17) 7 (0-85) 46,9 (38.7-63.4)

IQR: Interquartile range, FGF-21: Fibroblast growth factor 21

As shown in Table 4, Spearman's correlation test was
performed to examine the relationships between Agatston
calcium scores and FGF-21 levels with various clinical
parameters. A significant positive correlation was observed
between the Agatston calcium score and FGF-21 levels
(r=0.725, p<0.001), indicating a strong association between
these two variables. Additionally, age showed weak positive
correlations with both Agatston calcium score (r=0.242,
p=0.079) and FGF-21 levels (r=0.26, p=0.058), although
neither of these correlations reached statistical significance.

Regarding other parameters, no significant correlations were
found between Agatston calcium scores or FGF-21 levels and
the following variables: neutrophils, lymphocytes, leucocytes,
hemoglobin, platelets, SII, urea, uric acid, creatinine, total
cholesterol, triglycerides, HDL cholesterol, LDL cholesterol,
VLDL cholesterol, or non-HDL cholesterol (all p-values
>0.05). This suggests that these clinical markers do not have
a substantial relationship with Agatston calcium scores or
FGF-21 levels in this study population.

A strong positive correlation was observed between FGF-21
levels and Agatston-based CAC scores (r=0.725, p<0.001).
This relationship is visually illustrated in Figure 2, which
presents the Spearman’s correlation between the two
parameters, highlighting their significant association.
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Table 4. Spearman’s correlation test of Agatston calcium score and FGF21

levels

Agatson calcium score FGF21
Correlation Correlation
coefficient coefficient

Age 0.242 0.079 0.26 0.058
Agatson calcium score 1 0.725 <0.001
FGF 21 (pg/ml) 0.725 <0.001 1

Neutrophil (/uL) 0.145 0.295 -0.061 0.66
Lymphocyte (/uL) 0.246 0.073 0.181 0.189
Leucocyte (/uL) 0.171 0.217 -0.021 0.88
Hemoglobin(g/dl) 0.173 0.21 0.001 0.992
Platelet (/pL) -0.158 0.254 0.027 0.845
lszfslienrf;fof;‘ﬁ‘ézi -0.204 0.14 0251 0.068
Urea (mg/dl) 0.025 0.858 -0.004 0.98
Uric acid (mg/dl) -0.052 0.706 0.064 0.648
Serum Creatin (mg/dl) 0.197 0.152 0.084 0.544
Total cholestrole (mg/dl) 0.011 0.939 0.097 0.483
Triglyceride (mg/dl) 0.197 0.153 0.227 0.098
HDL cholestrole (mg/dl) -0.216 0.117 -0.207 0.133
LDL cholestrole (mg/dl) -0.018 0.9 0.019 0.893
VLDL cholestrole (mg/dl) 0.197 0.153 0.232 0.092
Non-HDL cholestrole 0.036 0.797 0.093 0502

(mg/dl)

FGF-21: Fibroblast growth factor 21, HDL: High-density lipoprotein, LDL: Low-density

lipoprotein, VLDL: Very low-density lipoprotein

Spearman'’s Correlation: FGF-21 vs Agatston Score
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Figure 2. Spearmans correlation between FGF-21 and Agatston score
FGF-21: Fibroblast growth factor 21
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DISCUSSION

In our study, the relationship between FGF-21 levels and the
coronary calcium score based on the Agatston method was
examined, and the potential of FGF-21 as a non-invasive
biomarker for coronary calcium score was investigated. Our
study revealed a strong positive correlation between FGF-
21 levels and the Agatston-based coronary calcium score
(r=0.725, p<0.001). This finding supports the hypothesis that
FGF-21 could serve as a non-invasive biomarker indicative of
subclinical atherosclerosis. While the coronary calcium score
remains a valuable imaging-based risk stratification tool, the
non-radiative and accessible nature of FGF-21 offers practical

advantages, especially in settings where CT imaging is not
feasible. FGF-21 plays a significant role in metabolic processes
and may influence vascular calcification.?

Previous research has demonstrated the significant role of
the Agatston-based coronary calcium score in identifying
individuals at high risk of atherosclerosis.?* Additionally,
many cardiovascular disease guidelines emphasize the use of
the Agatston-based coronary calcium score as a primary tool
for predicting coronary artery disease risk.2®2” However, the
necessity of imaging methods for calculating the Agatston
score limits its applicability in all healthcare centers. Imaging
requirements, particularly CT scans, can lead to radiation
exposure, which could be avoided by using non-invasive
biomarkers like FGF-21.

Numerous studies in the literature have investigated the
relationship between FGF-21 levels and cardiovascular disease
prognosis. Early clinical studies have shown that elevated
FGF-21 levels are associated with cardiovascular events and
higher mortality.?®?° However, the relationship between the
Agatston-based coronary calcium score and FGF-21 has not
been previously explored in the literature, and our study is
the first to evaluate this relationship. Several in vitro studies
have shown that FGF-21 can reduce endothelial dysfunction
and atherosclerosis through various mechanisms.?® In our
study, a significant correlation was observed between the
Agatston-based coronary calcium score, which is an indicator
of endothelial dysfunction, and FGF-21 levels, due to the
exclusion of participants with known coronary artery disease
and coronary bypass surgery. This suggests that FGF-21 may
play arole in the early stages of atherosclerosis development.2®
Many studies in the literature have explored how FGF-21
achieves this.

FGF-21 modulates key mechanisms of atherosclerosis by
reducing foam cell formation, inhibiting endothelial apoptosis
and pyroptosis, and suppressing vascular smooth muscle cell
proliferation through multiple signaling pathways, including
SIRT1, Fas, NLRP3 and NF-xB. It reduces the formation of
foam cells derived from macrophages, decreases endothelial
apoptosis by inhibiting the Fas signaling pathway, and reduces
endothelial pyroptosis by inhibiting certain inflammatory
pathways.!>!* Furthermore, FGF-21 inhibits the migration
and proliferation of vascular smooth muscle cells via the
FGFR1-BALAK tyrosine kinase-NLRP3 inflammatory
pathway.!® FGF-21 also inhibits the transformation of
macrophages into foam cells and the proliferation of vascular
smooth muscle cells by stimulating adiponectin secretion.?

In addition to these effects, FGF-21 may influence
atherosclerosis and coronary artery disease through
metabolic pathways. Some studies have shown that FGF-21
increases insulin-independent glucose uptake and reduces
serum triglyceride levels.’® However, in our study, no
correlation was found between FGF-21 levels and triglyceride
levels. This discrepancy may be attributed to the fact that the
triglyceride levels of participants in our study were within
the normal range. This suggests that the effects of FGF-21 on
metabolism may vary depending on individual characteristics
and clinical conditions.

Recent studies have shown that certain diabetes medications,
such as sodium/glucose cotransporter-2 inhibitors (SGLT?2i),
can increase serum FGF-21 levels.?? Future studies should
investigate the relationship between the Agatston-based
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coronary calcium score and FGF-21 in patients treated with
SGLT2 inhibitors. This may be particularly important for
diabetic patients, as these drugs can affect both metabolic
pathways and FGF-21 levels, potentially influencing the
development of coronary artery disease.

FGF-21 derivatives have been shown to have positive
effects on body weight, lipid profiles, and various metabolic
conditions.>**> This could be due to the fact that the lipid
profiles of participants with a diagnosis of hyperlipidemia
in our study were well-controlled. In the future, controlled
studies examining FGF-21 levels in patients with lipid
profiles within normal reference ranges may help clarify the
relationship between FGF-21 and lipid metabolism. In our
study, while serum FGF-21 levels were significantly correlated
with CAC scores, no significant association was observed
between FGF-21 and traditional metabolic risk factors
such as diabetes mellitus and hyperlipidemia. This finding
suggests that FGF-21 may reflect coronary artery calcification
independently of these conventional risk factors. It raises the
possibility that FGF-21 is directly involved in or responds to
the atherosclerotic process itself, rather than acting solely as a
marker of metabolic disturbances. Further studies with larger
sample sizes are warranted to better elucidate the underlying
mechanisms of this association.

In our study, we also examined the relationship between the
Agatston-based coronary calcium score and conditions such
as diabetes and hyperlipidemia. The lack of a statistically
significant association between FGF-21 levels and diabetes
or dyslipidemia may stem from the relatively small sample
size. Alternatively, these comorbidities may elevate FGF-21
levels via mechanisms involving endothelial dysfunction,
independent of calcification severity. Furthermore, the study
population was composed of asymptomatic individuals
undergoing coronary CT solely for risk stratification, allowing
the evaluation of FGF-21 in a relatively isolated cohort. One
of the aims of our study was to prevent unnecessary testing
in borderline cases before coronary CT angiography by
considering FGF-21 levels. Future studies could focus on
patients with coronary artery disease.

The use of FGF-21 as a non-invasive and easily applicable
biomarker for coronary artery disease risk. FGF-21 could
be used in the clinical setting to guide patient selection for
CT imaging. Additionally, in patients with low FGF-21
levels, unnecessary imaging procedures may be avoided. We
recommend further research on the relationship between
FGF-21 and the Agatston-based coronary calcium score,
including prognostic studies.

Limitations

This study has several limitations. Although a power analysis
was conducted, the sample size remains relatively limited.
This constraint particularly affected our ability to perform
subgroup analyses based on comorbid conditions such as
diabetes and hyperlipidemia, or across different calcium
score ranges. Additionally, the study was conducted at a
single center, which may limit the generalizability of the
findings to populations with different demographic and
clinical characteristics.

Due to its cross-sectional design, the study does not allow
for evaluation of whether FGF-21 levels can predict future
cardiovascular events. Moreover, the CAC scores were

assessed by a single radiologist, introducing the possibility
of observer bias. Another limitation concerns the use of
medications that may influence FGF-21 levels, such as
statins or SGLT2 inhibitors. These agents were not included
in the analysis because complete, standardized, and reliable
retrospective data on medication use were not available, and
adherence to prescribed therapies could not be confirmed.
Consequently, potential pharmacological interactions could
not be assessed.

Finally, the findings of this study were not validated in
an independent external cohort. Therefore, multicenter,
prospective studies with larger sample sizes are warranted to
confirm the generalizability and validity of these results.

CONCLUSION

This study demonstrated a significant and strong positive
correlation between serum FGF-21 levels and Agatston-based
CAC scores. These findings suggest that FGF-21 may serve
as a practical, non-invasive biomarker capable of reflecting
subclinical atherosclerosis. Particularly in clinical settings
where coronary CT angiography is not readily available due
to limitations such as radiation exposure and cost, the use
of FGF-21 as a preliminary screening tool could enhance
clinical decision-making.

Notably, no significant associations were observed between
FGF-21 levels and conventional metabolic risk factors such
as diabetes mellitus and hyperlipidemia. This may indicate
that FGF-21 functions as a cardiovascular risk indicator
independently of these classical metabolic conditions.

The study population consisted of asymptomatic individuals
undergoing coronary CT angiography for risk assessment
rather than diagnostic purposes. This provided a unique
opportunity to investigate the relationship between FGF-21
levels and early vascular changes. Our findings suggest that
FGF-21 may be associated not only with metabolic pathways,
but also with direct atherosclerotic mechanisms such as
endothelial dysfunction and vascular wall inflammation.

In conclusion, FGF-21 appears to hold potential as a non-
invasive screening marker for individuals at risk of coronary
artery disease who do not yet present with clinical symptoms.
Further large-scale, multicenter, prospective studies are
warranted to clarify the diagnostic and prognostic value of
this biomarker. Moreover, future research exploring FGF-21
levels across different patient subgroups and in the context of
various pharmacological treatments would provide valuable
insights for the field.

ETHICAL DECLARATIONS

Ethics Committee Approval

All procedures were approved by the Ethics Committee of
Ankara Bilkent City Hospital (Date: 29.05.2024, Decision No:
TABED 2/209/2024).

Informed Consent
All patients signed and free and informed consent form.

Referee Evaluation Process
Externally peer-reviewed.

56



Intercont ] Emerg Med. 2025;3(3):52-57

Fibroblast growth factor 21 levels for coronary artery calcium score

Conflict of Interest Statement
The authors have no conflicts of interest to declare.

Financial Disclosure
The authors declared that this study has received no financial
support.

Author Contributions

All of the authors declare that they have all participated in
the design, execution, and analysis of the paper, and that they
have approved the final version.

REFERENCES

1.

~

10.

11.

12.

13.

14.

15.

16.

17.

18.

Zhao Z, Cui X, Liao Z. Mechanism of fibroblast growth factor 21 in
cardiac remodeling. Front Cardiovasc Med. 2023;10:1202730. doi:10.
3389/fcvm.2023.1202730

. Tan H, Yue T, Chen Z, Wu W, Xu S, Weng J. Targeting FGF21 in

cardiovascular and metabolic diseases: from mechanism to medicine.
Int ] Biol Sci. 2023;19(1):66-88. doi:10.7150/ijbs.73936

. Xiaolong L, Dongmin G, Liu M, et al. FGF21 induces autophagy-

mediated cholesterol efflux to inhibit atherogenesis via RACKI1 up-
regulation. J Cell Mol Med. 2020;24(9):4992-5006. doi:10.1111/jcmm.15118

. Liu SQ, Roberts D, Kharitonenkov A, et al. Endocrine protection of

ischemic myocardium by FGF21 from the liver and adipose tissue. Sci
Rep. 2013;3(1):2767. doi:10.1038/srep02767

. Zhang W, Chu S, Ding W, et al. Serum level of fibroblast growth factor

21 is independently associated with acute myocardial infarction. Plos
One. 2015;10(6):¢0129791. doi:10.1371/journal.pone.0129791

. Gu L, Jiang W, Zheng R, Yao Y, et al. Fibroblast growth factor 21

correlates with the prognosis of dilated cardiomyopathy. Cardiology.
2021;146(1):27-33. doi:10.1159/000509239

T6th V, Bene J. The role of FGF21 in cardiovascular diseases. Int |
Molecular Sci. 2019;20(15):3710.

. Fisher FM, Maratos-Flier E. Understanding the physiology of FGF21.

Annu Rev Physiol. 2016;78:223-241.

021115-105339

doi:10.1146/annurev-physiol-

. Yan J, Wang J, Huang H, et al. Fibroblast growth factor 21 delayed

endothelial replicative senescence and protected cells from H,0,-
induced premature senescence through SIRT1. Am J Transl Res. 2017;
9(10):4492-4501.

Chen JJ, Tao J, Zhang XL, et al. Inhibition of the ox-LDL-induced
pyroptosis by FGF21 of human umbilical vein endothelial cells through
the TET2-UQCRCI-ROS pathway. DNA Cell Biol. 2020;39(4):661-670.
doi:10.1089/dna.2019.5151

Yan X, Gou Z, Li Y, et al. Fibroblast growth factor 21 inhibits
atherosclerosis in apoE-/- mice by ameliorating Fas-mediated apoptosis.
Lipids Health Dis. 2018;17(1):203. doi:10.1186/s12944-018-0846-x

Zeng Z, Zheng Q, Chen J, et al. FGF21 mitigates atherosclerosis via
inhibition of NLRP3 inflammasome-mediated vascular endothelial
cells pyroptosis. Exp Cell Res. 2020;393(2):112108. doi:10.1016/j.yexcr.
2020.112108

Zhang Y, Liu Z, Zhou M, Liu C. Therapeutic effects of fibroblast growth
factor-21 against atherosclerosis via the NF-kB pathway. Mol Med Rep.
2018;17(1):1453-1460. doi:10.3892/mmr.2017.8100

Wang N, Li JY, Li S, et al. Fibroblast growth factor 21 regulates foam
cells formation and inflammatory response in Ox-LDL-induced THP-1
macrophages. Biomed Pharmacother. 2018;108:1825-1834. doi:10.1016/j.
biopha.2018.09.143

Xiaolong L, Dongmin G, Liu M, et al. FGF21 induces autophagy-mediated
cholesterol efflux to inhibit atherogenesis via RACK1 up-regulation. J
Cell Mol Med. 2020;24(9):4992-5006. doi:10.1111/jcmm.15118

Shang W, Yu X, Wang H, et al. Fibroblast growth factor 21 enhances
cholesterol efflux in THP-1 macrophage-derived foam cells. Mol Med
Rep. 2015;11(1):503-508. doi:10.3892/mmr.2014.2731

Nar G, Cetin SS, Nar R, et al. Is serum fibroblast growth factor 21
associated with the severity or presence of coronary artery disease? J
Med Biochem. 2022;41(2):162-167. doi:10.5937/jomb0-30191

Li E, Wang T, Wang F, et al. FGF21 protects against ox-LDL induced
apoptosis through suppressing CHOP expression in THP1 macrophage
derived foam cells. BMC Cardiovasc Disord. 2015;15:80. doi:10.1186/
s12872-015-0077-2

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

Wei W, Li XX, Xu M. Inhibition of vascular neointima hyperplasia by
FGF21 associated with FGFR1/Syk/NLRP3 inflammasome pathway
in diabetic mice. Atherosclerosis. 2019;289:132-142. doi:10.1016/j.
atherosclerosis.2019.08.017

Jin L, Lin Z, Xu A. Fibroblast growth factor 21 protects against
atherosclerosis via fine-tuning the multiorgan crosstalk. Diabetes
Metab J. 2016;40(1):22-31. d0i:10.4093/dmj.2016.40.1.22

Lin Z, Pan X, Wu F, et al. Fibroblast growth factor 21 prevents
atherosclerosis by suppression of hepatic sterol regulatory element-
binding protein-2 and induction of adiponectin in mice. Circulation.
2015;131(21):1861-1871. d0i:10.1161/CIRCULATIONAHA.115.015308

Maeng HJ, Lee GY, Bae JH, et al. Effect of fibroblast growth factor 21 on
the development of atheromatous plaque and lipid metabolic profiles in
an atherosclerosis-prone mouse model. Int ] Mol Sci. 2020;21(18):6836.
doi:10.3390/ijms21186836

Liu C, Schonke M, Zhou E, et al. Pharmacological treatment with
FGF21 strongly improves plasma cholesterol metabolism to reduce
atherosclerosis. Cardiovasc Res. 2022;118(2):489-502. doi:10.1093/cvr/
cvab076

Neves PO, Andrade ], Mongao H. Coronary artery calcium score:
current status. Radiol Bras. 2017;50(3):182-189. d0i:10.1590/0100-3984.
2015.0235

Arjmand Shabestari A. Coronary artery calcium score: a review. Iran
Red Crescent Med ]. 2013;15(12):e16616. doi:10.5812/ircmj.16616

Visseren FLJ, Mach F, Smulders YM, et al. 2021 ESC Guidelines on
cardiovascular disease prevention in clinical practice. Eur Heart J. 2021;
42(34):3227-3337. doi:10.1093/eurheartj/ehab484

Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA Guideline
on the primary prevention of cardiovascular disease: a report of the
American College of Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines. ] Am Coll Cardiol. 2019;74(10):
el77-e232. doi:10.1016/j.jacc.2019.03.010

Zhang Y, Yan J, Yang N, et al. High serum fibroblast growth factor 21
concentration is closely associated with increased risk of cardiovascular
disease: a systematic review and meta-analysis. Front Cardiovasc Med.
2021;8:705273. doi:10.3389/fcvm.2021.705273

Shen Y, Ma X, Zhou J, et al. Additive relationship between serum
fibroblast growth factor 21 level and coronary artery disease. Cardiovasc
Diabetol. 2013;12:124. doi:10.1186/1475-2840-12-124

Tan H, Yue T, Chen Z, Wu W, Xu S, Weng ]. Targeting FGF21 in
cardiovascular and metabolic diseases: from mechanism to medicine.
Int J Biol Sci. 2023;19(1):66-88. doi:10.7150/ijbs.73936

Kharitonenkov A, Shiyanova TL, Koester A, et al. FGF-21 as a novel
metabolic regulator. J Clin Invest. 2005;115(6):1627-1635. doi:10.1172/
JCI23606

. Osataphan S, Macchi C, Singhal G, et al. SGLT2 inhibition reprograms

systemic metabolism via FGF2l-dependent and -independent
mechanisms. JCI Insight. 2019;4(5):¢123130. doi:10.1172/jciinsight.123130

Talukdar S, Zhou Y, Li D, et al. A long-acting FGF21 molecule, PF-
05231023, decreases body weight and improves lipid profile in non-
human primates and type 2 diabetic subjects. Cell Metab. 2016;23(3):
427-440. doi:10.1016/j.cmet.2016.02.001

Gaich G, Chien JY, Fu H, et al. The effects of LY2405319, an FGF21
analog, in obese human subjects with type 2 diabetes. Cell Metab. 2013;
18(3):333-340. doi:10.1016/j.cmet.2013.08.005

Caltek NC, Caltek HO, Mihmanli V, Geng S, Aktiirk E. Gestasyonel
diabetes mellitus hastalarinda serum fibroblast biyiime faktort 21
diizeylerinin degerlendirilmesi. Bugs Med Bull. 2024;9(4):242-248. doi:
10.4274/BMB.galenos.2024.2024-05-039

57



