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Background: The incidence of depressive symptoms (DS) in patients with stable coronary artery disease (SCAD) is significantly higher than those in healthy population, and that DS are independent risk factors for cardiovascular events. Previous studies have reported that fibroblast growth factor 21 (FGF21), β-klotho, mature brain-derived neurotrophic factor (mBDNF), and BDNF precursor (proBDNF) play important roles in the pathogenesis and treatment of coronary heart disease and depression. With this in mind, the present study aimed to clarify the relationship between FGF21, β-klotho, mBDNF, and proBDNF and SCAD with comorbid depression, in addition to also exploring the underlying mechanisms of these disease processes.

Methods: A total of 116 patients with SCAD and 45 healthy controls were recruited. Patients with SCAD were further divided into two subgroups based on the Zung Self-Rating Depression Scale (SDS), which were characterized as those with no DS (NDS) and those with DS. Baseline data were collected, and serum levels of FGF21, β-klotho, mBDNF, and proBDNF were determined.

Results: In SCAD patients, Gensini scores—denoting the degree of coronary arteriostenosis—were significantly greater in the DS group than in the NDS group. There was also a positive correlation between the Gensini scores and the SDS scores. Patients in the SCAD group demonstrated a lower serum FGF21. Serum β-klotho, mBDNF, and mBDNF/proBDNF were also significantly lower in the DS group than in the NDS group. Furthermore, β-klotho and mBDNF were negatively correlated with the SDS scores. Additionally, SCAD patients were divided into lower- and higher-level groups using hierarchical cluster analysis, with the results highlighting that patients in the lower mBDNF group had a higher incidence of DS.

Conclusions: The depression score was positively correlated with the severity of coronary artery stenosis, and serum FGF21, β-klotho, mBDNF, and proBDNF were closely related to the development of DS in patients with SCAD. These observations suggest FGF21, β-klotho, mBDNF, and proBDNF as potential diagnostic and/or therapeutic targets for SCAD with co-morbid depression.
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INTRODUCTION

Depression is a major cause of disability worldwide and has a huge impact on other chronic diseases (1). An epidemic survey demonstrated that approximately 34.6–51% of Chinese patients with coronary heart disease (CHD) also suffered from depression (2). Of these depression cases, major depressive disorder accounted for 3.1–11.2% (2). To put this into context, the incidence of depression in the general population is only 3.2% (3). The Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5) is the gold standard for the diagnosis of clinical depression (4). Furthermore, the depressive symptoms (DS) could be assessed by self-reported clinical scale (4). Currently, approximately 20% of patients that underwent coronary angiography following chest pain demonstrated normal or near-normal coronary arteries, and the chest pain that they had experienced could not be explained by other organic diseases. A study by Christoph et al. enrolled 253 patients to evaluate anxiety, depression, hypochondria, and somatoform disorders using well-validated questionnaires. The results suggested that patients with non-cardiac chest pain were more likely to develop psychopathological symptoms than healthy individuals (5). Stable coronary artery disease (SCAD) is the most common type of ischemic heart disease (6). Although the prognosis for people suffering from SCAD is good, quality of life and health conditions decline drastically in patients suffering from SCAD with co-morbid depression (7, 8). Depression is also one of the independent risk factors for adverse cardiovascular events (7–9).

We previously reported that the incidence of moderate/severe DS in patients with SCAD was 18.8% (10). Further analyses demonstrated that elderly patients were much more likely to experience DS (10). It has been proposed that abnormalities in low-density lipoprotein (LDL), high-density lipoprotein (HDL), and creatinine (Cr) could contribute to DS (10). Interestingly, CHD with co-morbid depression is underpinned by a complex multifactorial process that includes inflammation, endothelial dysfunction, platelet activation, and gut microbiota disturbance, which form a complex pathogenic network (11, 12). Due to limited attention in the clinic, DS are often masked by physical illness. They can also manifest as severe somatic symptoms that are inconsistent with disease severity. For these reasons, diagnosis and appropriate intervention are problematic for clinicians. Therefore, it is of great importance to identify novel, effective biomarkers for the diagnosis and treatment of SCAD with comorbid depression.

Recent studies have indicated that fibroblast growth factor 21 (FGF21) plays an important role in the processes of CHD and depression (13–16). The FGF21 protein is a new member of the FGF protein family and is mainly derived from the liver, kidneys, adipocytes, and cardiomyocytes. The FGF21 protein functions both in the endocrine system and as a cytokine, and it can be released into the circulation to exert its biological effects through specific binding to the co-receptor, β-klotho (17–19). The expression of FGF21 is significantly influenced by β-klotho, which exhibits tissue-specific expression in the liver, heart, and nervous system (20, 21). In addition to its role as a cytokine, FGF21 has an important role in regulating lipid metabolism and inflammation, thereby preserving endothelial function and delaying the development of cardiovascular disease (13–15). Furthermore, Liu and coworkers demonstrated a significant negative correlation between the level of FGF21 in cerebrospinal fluid and depression in male subjects, suggesting that FGF21 has beneficial effects on neuroprotection and emotional regulation (16). Collectively, the above studies indicate that FGF21 is involved in the development of CHD and depression.

Brain-derived neurotrophic factor (BDNF) is an important member of the neurotrophic factor family, which regulates neuronal development and plasticity. BDNF is processed by the Golgi complex from the N-terminal glycosylation precursor protein, BDNF precursor (proBDNF), and released into the extracellular environment (22). Mature BDNF (mBDNF) is a neuroprotective factor that has been associated with neuronal survival, plasticity, and differentiation. Diminished expression of neurotrophic factors represented by mBDNF and the associated impairment of neuroplasticity may directly exacerbate depression (22–25). Interestingly, proBDNF exerts biological effects that are distinct from mBDNF. Specifically, proBDNF upregulates p53 expression and initiates apoptosis through its involvement in the p75 neurotrophin receptor (p75NTR)-activated c-Jun amino-terminal kinase (JNK) pathway, thereby interfering with neurotransmitter release and inhibiting axonal outgrowth (26, 27). Furthermore, mBDNF, as a novel pro-angiogenic factor in CHD, has attracted attention as a contributor to the growth of vascular endothelial cells and proliferation of ischemic endothelial cells. Thus, it appears that mBDNF plays an important role in atherosclerosis and ischemic cardiomyopathy, amongst other diseases (28–30).

In this study, we measured the serum levels of FGF21, β-klotho, mBDNF, and proBDNF in SCAD patients with or without DS and compared this to results from 45 healthy controls (HCs). These findings were used to investigate the relationship between these factors and SCAD with co-morbid depression and to explore the underlying developmental mechanisms.



MATERIALS AND METHODS


Patients and Study Design

A cross-sectional single-center study was conducted using patients from the Third Affiliated Hospital of Soochow University. From July 2017 to October 2018, a total of 116 patients with SCAD were recruited. Forty-five HC subjects were also recruited from the medical examination center. The study was approved by the Ethics Committee of the Third Affiliated Hospital of Soochow University (No. 2017015) and was registered in the Chinese Clinical Trial Registry (ChiCTR1900020594). This study incorporated secondary analyses of clinical trial data from our previous study and used the same registration number (10).

Patients with SCAD were enrolled if they conformed to at least one of the following criteria: (1) clinically diagnosed with myocardial infarction (>3 months); (2) demonstrated at least one coronary artery stenosed by >50% by coronary angiography; (3) demonstrated coronary artery stenosis or myocardial infarction after chest pain; or (4) had undergone coronary artery bypass graft or percutaneous coronary intervention (>3 months).

Patients were excluded from the study if they had experienced: (1) a history of depression or other psychiatric disorders, and on anti-depressant or psychotropic medication; (2) acute myocardial infarction during hospitalization (manifested by electrocardiographic changes and/or elevated myocardial enzymes); (3) myocardial infarction or cardiac surgery in the past 3 months; (4) an acute infectious disease in the month prior to enrollment; (5) other severe cardiovascular diseases (e.g., acute pericarditis, myocarditis, end-stage heart failure, and secondary heart disease); (6) diseases seriously affecting life expectancy (e.g., connective tissue disease, cancer, drug abuse, and dementia); (7) pregnancy; (8) recent major stressful life events; or (9) an inability to complete the depression scale assessment or blood sampling.



Physical and Clinical Examination

Baseline data were obtained by carrying out interviews, accessing medical records, and assessing age, sex, body mass index (BMI), blood pressure, diabetes history, smoking history, and β-blocker and statin use. Fasting venous blood samples were collected and sent to our laboratory. Alanine aminotransferase (ALT), aspartate aminotransferase (AST), serum total bilirubin (STB), HDL, LDL, albumin/globulins (A/G), blood urea nitrogen (BUN), Cr, and hemoglobin (Hb) were measured. White blood cell (WBC) counts, neutrophil percentage (N%), and lymphocyte percentage (L%) were also assessed. All patients underwent echocardiography to obtain left ventricular ejection fraction (LVEF). All tests were performed and reported by the same physician in the hospital. In addition, all patients underwent coronary angiography via the brachial or radial artery, and the results were interpreted by two experienced cardiologists. The degree of luminal stenosis in the left main, left anterior descending, circumflex, and right coronary arteries were recorded, and the Gensini score was calculated to quantitatively evaluate the degree of coronary artery stenosis.



Assessment of DS

Patients with SCAD were evaluated for DS using the Zung Self-Rating Depression Scale (SDS) during hospitalization. SDS is one of the most widely used self-reported clinical scale and its validity have been established in clinical depression evaluation (31–33). It has good internal consistency and validity, encompassing most DSM-IV criteria for major depression (32). Consisting of 20 items, the SDS is scored on a four-point scale to assess the psychological and physical symptoms of depression. A standard score is obtained by multiplying the total score by 1.25. Patients with SCAD were further categorized into two subgroups based on their standard scores. These subgroups included patients with no DS (NDS) (score ≤ 52) and those with DS (score ≥ 53).



Enzyme-Linked Immunosorbent Assay (ELISA)

A volume of 10 ml morning fasting venous blood was collected from the cephalic vein and placed in a non-anticoagulated biochemical test tube. Blood samples were centrifuged at 3,000 r/min for 4 min to obtain serum. A volume of 110 μl of serum was added to each tube and stored at −80°C until measurements were carried out.

Serum levels of FGF21 (Camilo, H-KMLJ31425, the detection range, recovery rate, intra and inter-assay coefficients of variation were 3.75–2,000 pg/ml, 70–110, ≤ 15, and ≤ 15%, respectively), β-klotho (Camilo, H-KMLJ39385, the detection range, recovery rate, intra and inter-assay coefficients of variation were 1.56–20 ng/ml, 70–110, ≤ 15, and ≤ 15%, respectively), mBDNF (Camilo, H-KMLJ39649, the detection range, recovery rate, intra and inter-assay coefficients of variation were 0.78–50 ng/ml, 70–110, ≤ 15, and ≤ 15%, respectively), and proBDNF (Camilo, H-KMLJ31139, the detection range, recovery rate, intra and inter-assay coefficients of variation were 0.312–30 ng/ml, 70–110, ≤ 15, and ≤ 15%, respectively) were determined by ELISA. The operation steps were carried out according to the manufacturer's instructions: (1) aluminum slats were removed from the foil bag after 20 min at room temperature; (2) standard wells, sample wells, and blank wells were set, and standard wells were loaded with 50 μl of standards; (3) 10 μl of sample and 40 μl diluent were added to the sample wells; (4) 50 μl of horseradish peroxidase-labeled detection antibody was added to the standard wells and the sample wells; (5) the plate was sealed and incubated at 37°C in a water bath or thermostat for 60 min; (6) the liquid was discarded and washing solution was added to each well before leaving to stand for 1 min; (7) washing solution was removed; (8) steps (6) and (7) were repeated five times; (9) 50 μl of each of substrates A and B were added to each well and incubated at 37°C for 15 min in the dark; and (10) 50 μl of stop solution was added to each well, and the absorbance was measured immediately at 450 nm. The concentration of each factor was obtained according to the optical density-concentration standard curve.



Statistical Analysis

Statistical analysis was performed using SPSS 24.0 and GraphPad Prism 7.0. Data were expressed as mean ± standard deviation, and each parameter was tested for normality. If the data were normally distributed, the means of the two groups were compared using a t-test. If data were not normally distributed, the means of the two groups were compared using the Mann–Whitney U-test. Categorical data were expressed as the rate (%), and a chi-squared test was used. A correlation analysis was performed using the Pearson correlation, Spearman correlation and multiple linear regression analysis. A two-sided p < 0.05 was considered statistically significant for all tests.




RESULTS


Comparison Between the Clinical Characteristics of HC and SCAD Subjects

There were no significant differences in age, gender, blood pressure, AST, A/G, Cr, and N% between the two groups (p > 0.05), while the SCAD group had a greater BMI, a greater ALT and WBC, and lower STB, HDL, LDL, BUN, Hb, and L% levels (p < 0.05; Table 1).


Table 1. Clinical characteristics of HC and SCAD subjects.
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The concentration of FGF21 in the SCAD group was significantly lower than that observed in the HC group (p = 0.039). The serum concentrations of β-klotho, mBDNF, proBDNF, and mBDNF/proBDNF were decreased in the SCAD group. However, no statistically significant difference was identified when compared with the HC group (p > 0.05; Figure 1).


[image: Figure 1]
FIGURE 1. Serum levels of the factors in HC and SCAD. BDNF, brain derived neurotrophic factor; FGF21, fibroblast growth factor 21; HC, healthy controls; N.S., no significance; SCAD, stable coronary artery disease. The means of the two groups were compared using a t-test. The concentration of FGF21 in the SCAD group was significantly lower than that observed in the HC group [(707.80 ± 136.40) pg/ml vs. (766.62 ± 211.36) pg/ml, p = 0.039].




Comparison of the Clinical Characteristics of SCAD Patients With and Without DS

There were no significant differences in age, gender, blood pressure, BMI, diabetes history, smoking history, ALT, AST, STB, HDL, LDL, A/G, BUN, Cr, Hb, L%, N%, LVEF, or β-blocker and statin use between SCAD patients with and without DS (p > 0.05). The group with DS had lower WBC counts and greater Gensini scores (p < 0.05; Table 2).


Table 2. Clinical characteristics of SCAD patients with or without depressive symptoms.
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The serum concentration of FGF21 in the group with DS was significantly greater than that observed in the group with NDS (p = 0.039), while the serum concentrations of β-klotho, mBDNF, and mBDNF/proBDNF were significantly lower (p = 0.041, p = 0.021, and p = 0.029, respectively). ProBDNF levels were increased in the group with DS, but there was no statistically significant difference when compared with the group with NDS (p > 0.05; Figure 2).
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FIGURE 2. Serum levels of the factors in NDS and DS. BDNF, brain derived neurotrophic factor; DS, depressive symptoms; FGF21, fibroblast growth factor 21; NDS, no depressive symptoms; N.S., no significance. The means of the two groups were compared using a t-test. The serum concentration of FGF21 in the group with DS was significantly greater than that observed in the group with NDS [(723.23 ± 125.49) pg/ml vs. (663.58 ± 157.78) pg/ml, p = 0.039], while the serum concentrations of β-klotho, mBDNF, and mBDNF/proBDNF were significantly lower [(6.46 ± 1.60) ng/ml vs. (7.14 ± 1.35) ng/ml, p = 0.041; (37.47 ± 6.98) ng/ml vs. (41.00 ± 7.50) ng/ml, p = 0.021; and (2.53 ± 0.68) vs. (2.86 ± 0.86), p = 0.029, respectively]. *p < 0.05.




Correlation Analysis Between Serum Concentrations, Gensini Scores, and the SDS

The Spearman correlation analysis demonstrated a positive correlation between the Gensini scores and the SDS scores, and the correlation coefficient (r) was 0.168 (p = 0.047; Figure 3). There was no significant correlation between FGF21, β-klotho, mBDNF, proBDNF, and mBDNF/proBDNF concentrations, and the Gensini scores (Figure 4). β-klotho and mBDNF levels were negatively correlated with the SDS scores (r = −0.199, p = 0.033; and r = −0.206, p = 0.027, respectively; Figure 5). The multiple linear regression analysis showed that the serum levels of those factors were not correlated with the Gensini scores (F = 0.576, p = 0.681), and none of the variables were significant predictors of Gensini score (p > 0.05; Table 3). The multiple linear regression analysis built a significant model to predict SDS score based on the serum levels of those factors (F = 2.492, p = 0.047), but the coefficient of determination was low (R2 = 0.082). Significant predictor for a higher SDS score was the lower β-klotho levels serum (B = −0.772, p = 0.042; Table 4).
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FIGURE 3. Spearman correlation analysis between Gensini scores and SDS. SDS, self-rating depression scale. The correlation analysis was performed using the Spearman correlation analysis. There is a positive correlation between the Gensini scores and the SDS scores, and the correlation coefficient (r) was 0.168 (p = 0.047).
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FIGURE 4. Spearman correlation analysis between serum levels of the factors and Gensini scores. BDNF, brain derived neurotrophic factor; FGF21, fibroblast growth factor 21. The correlation analysis was performed using the Spearman correlation analysis. There was no significant correlation between FGF21, β-klotho, mBDNF, proBDNF, and mBDNF/proBDNF concentrations, and the Gensini scores.
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FIGURE 5. Pearson correlation analysis between serum levels of the factors and SDS. BDNF, brain derived neurotrophic factor; FGF21, fibroblast growth factor 21; SDS, self-rating depression scale. The correlation analysis was performed using the Pearson correlation analysis. β-klotho and mBDNF levels were negatively correlated with the SDS scores (r = −0.199, p = 0.033; and r = −0.206, p = 0.027, respectively).



Table 3. Multiple linear regression analysis between serum levels of the factors and Gensini scores.
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Table 4. Multiple linear regression analysis between serum levels of the factors and SDS.
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Comparison of the Incidence of DS in SCAD Patients With Lower or Higher FGF21, β-klotho, mBDNF, or proBDNF Levels

According to the concentration of each of FGF21, β-klotho, mBDNF, proBDNF, and mBDNF/proBDNF, 116 patients with SCAD were further divided into a lower level group and a higher level group using a hierarchical cluster analysis (Supplementary Figures 1–4). There were 84 patients in the lower level FGF21 group and 32 patients in the higher level FGF21 group. The threshold for the higher level FGF21 group was 804.05 pg/ml. There were 48 patients in the lower level β-klotho group and 68 patients in the higher level β-klotho group, which had a threshold concentration of 6.37 ng/ml. There were 84 patients in the lower level mBDNF group and 32 patients in the higher level mBDNF group, in which the threshold concentration was 43.61 ng/ml. There were 32 cases in the lower level proBDNF group and 84 cases in the higher level proBDNF group, in which the threshold concentration was 13.15 ng/ml. Importantly, the chi-squared test demonstrated that the patients in the lower level mBDNF group had a higher incidence of DS than the higher level group (χ2 = 5.023, p = 0.025; Table 5).


Table 5. Incidence of depressive symptoms in SCAD patients with low or high FGF21, β-klotho, mBDNF, and proBDNF levels.
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DISCUSSION

The results of this study indicate a positive correlation between depression scores and the severity of coronary artery stenosis. Similarly, the serum levels of FGF21, β-klotho, mBDNF, and proBDNF are closely related to the development of DS in patients with SCAD. In addition, β-klotho and mBDNF levels were negatively correlated with the SDS scores, and the incidence of DS was significantly increased in patients with lower serum mBDNF.

It is well-recognized that the incidence of depression in patients with cardiovascular disease is significantly greater than that observed in the healthy population. Psychological disorders, such as depression, can reduce the quality of life for patients and can increase the risk of cardiovascular death (34, 35). These observations reassert that psychological intervention is necessary for patients with CHD. The Sertraline Antidepressant Heart Attack Randomized Trial found that patients with acute coronary syndrome and comorbid depression exhibited greater levels of platelet factor 4, platelet endothelial cell adhesion molecule-1, and thromboxane, which suggests enhanced platelet activation and aggregation. Platelets interact with leukocytes to stimulate cytokine release and to promote vascular intimal injury and atherosclerosis development. This process increases the incidence of CHD in healthy people, accelerates atherosclerosis, and increases mortality in patients with CHD (36, 37). Furthermore, the concentrations of interleukin-6, C-reactive protein, and tumor necrosis factor-α are increased in patients with CHD with co-morbid depression (38, 39). Therefore, the role of inflammatory processes in the physiological mechanisms of CHD with co-morbid depression has received much attention. In addition, depression-related hypothalamic-pituitary-adrenal axis hyperactivity could increase sympathetic excitability and catecholamine secretion, which leads to excessive vasoconstriction and coronary artery spasm and further aggravates myocardial ischemia (40, 41). In parallel, a decrease in the synthesis of platelet- and endothelial cell-derived nitric oxide in depressive patients limits vasodilation (42), which may exacerbate atherosclerotic plaque formation. Based on these observations, it is likely that depression and coronary atherosclerosis co-exist and interact with each other to affect the quality of life and patient prognosis.

The findings of the present study showed that patients with SCAD suffer from a variable degree of depression. The depression score is positively correlated with the severity of coronary artery stenosis. In this regard, psychological assessment should be adopted for patients with cardiac disease, especially in patients with severe coronary artery stenosis. Therefore, appropriate antidepressant drugs and active psychotherapy are necessary for symptomatic management.

Although FGF21 is a hormone-like endocrine factor that is mainly secreted by the liver, numerous studies have shown that FGF21 acts as an insulin-like growth factor to improve glucose metabolism, which would, in turn, improve serum insulin sensitivity and glucose clearance (43, 44). Additionally, FGF21 inhibits sterol regulatory element-binding protein-1 and activates uncoupling protein-1/2. In doing so, FGF21 reduces the expression of genes associated with fatty acid synthesis and fat utilization (44, 45). After virtual histology-intravascular ultrasound and FGF21 detection in 68 patients with CHD, serum FGF21 levels were significantly positively correlated with the atherosclerotic plaque burden, which can be defined as (plaque + media)/external elastic membrane (46). Unlike previous studies, we observed that patients in the SCAD group demonstrated a lower serum FGF21 compared with the HC group, indicating that FGF21 did not protect against SCAD in this study.

To exert its physiological function, FGF21 interacts with the co-receptor, β-klotho. The FGF21/β-klotho complex then binds to the plasma membrane-localized FGF receptor and activates the extracellular signal-regulated kinase 1/2 and receptor tyrosine kinases to mediate signaling cascades (47, 48). Therefore, β-klotho is the basis for the tissue-specific expression and biological function of FGF21. As an anti-aging protein, β-klotho can delay senescence through various mechanisms, including anti-oxidation, anti-senescence, and anti-autophagy. β-klotho also regulates a number of signaling pathways, including insulin-like growth factor and Wnt pathways (49). Research suggests that β-klotho plays an important role in the progression of age-related diseases such as Alzheimer's disease and neurodegeneration (50, 51). Interestingly, age is a risk factor for DS. Depression, as a heterogeneous disorder (10, 52, 53), may be associated with impaired function of various organs caused by aging (e.g., thalamic dysfunction, which leads to emotional instability) (54). In this study, serum β-klotho was significantly decreased in the group with DS. β-klotho was significantly negatively correlated with the SDS scores. To the best of our knowledge, this is the first study to demonstrate the role of β-klotho in CHD with co-morbid depression. Further detailed studies are necessary.

As a member of the neurotrophin family, BDNF is widely expressed in the adult mammalian brain in close proximity to its receptor, tropomyosin-related kinase B (TrkB). BDNF-TrkB signaling activates downstream effectors such as mitogen-activated protein kinase and phosphatidylinositol 3-kinase, thereby eliciting a protective effect on neurons (55–57). Recent studies have shown that BDNF-TrkB signaling is important in the survival of vascular endothelial cells and may promote proliferation and migration of endothelial cells in ischemic regions (28, 29, 58). In addition, exercise can promote myocardial angiogenesis in mice with myocardial infarction by activating the BDNF-TrkB axis. This pathway improves left ventricular function and has a beneficial effect on cardiac function (59, 60). Unlike mBDNF, proBDNF has a high affinity for p75NTR. ProBDNF-p75NTR activates the JNK pathway to upregulate p53 expression and initiate apoptosis. ProBDNF-p75NTR also interferes with neurotransmitter release and inhibits axonal outgrowth (61). A series of reports demonstrated that serum BDNF in depressive patients is significantly lower than that observed in the healthy population (62–64). However, few studies report the expression of mBDNF and proBDNF in patients with SCAD with co-morbid depression. Our research group previously reported that serum mBDNF was decreased in patients with SCAD, and the group with DS demonstrated significantly lower concentrations of mBDNF and mBDNF/proBDNF. Additionally, there was a negative correlation between serum mBDNF and the SDS scores. The patients in the lower mBDNF group had a higher incidence of DS than the higher level group, suggesting that a greater serum mBDNF may help to improving depression.

There are some limitations to the present study. First, DS was assessed only by using SDS. A history of depression or other psychiatric disorders was assessed by interviews, but not by professional diagnostic criteria or psychiatric examinations, which may affect the reliability of the results. Second, this study did not discuss residual confounding factors that may be relevant to the research, such as education, income, social support, and marital status. Third, owing to the short duration of hospitalization and limited maneuverability, this study was not able to determine whether psychotherapy could improve the quality of life for patients. Thus, future work is necessary to clarify these considerations. Finally, this study was a cross-sectional study with small sample size. Therefore, future population-based studies will be necessary to confirm the results.



CONCLUSION

In this study, a decrease in serum FGF21 wae closely related to SCAD. Lower serum β-klotho, mBDNF, and proBDNF might indicate the development of DS in patients with SCAD and might thus represent potential diagnostic and/or therapeutic targets for patients suffering from SCAD and co-morbid depression. Hence, early recognition of abnormalities in FGF21, β-klotho, mBDNF, and proBDNF levels is crucial. Effective strategies should be formulated to improve DS and prognosis for patients.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

This study was approved by the Ethics Committee of the Third Affiliated Hospital of Soochow University and was registered in the Chinese Clinical Trial Registry (ChiCTR1900020594). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

LY and LZ conceived the study and participated in the design. YW, ZC, JD, and KH participated in the design, collected the data, performed statistical analyses, and drafted the manuscript. YW, ZC, and BZ conducted the analysis and developed the figures. LZ, YW, and ZC revised the manuscript. All authors read and approved the final manuscript.



FUNDING

This study was supported by the National Natural Science Foundation of China (No. 82070405) and the Science and Technology Support (Social Development) Project of Bureau of Science and Technology of Changzhou.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2020.587492/full#supplementary-material

Supplementary Figure 1. Dendrogram of the cluster analysis of fibroblast growth factor 21.

Supplementary Figure 2. Dendrogram of the cluster analysis of β-klotho.

Supplementary Figure 3. Dendrogram of the cluster analysis of mature brain-derived neurotrophic factor.

Supplementary Figure 4. Dendrogram of the cluster analysis of brain-derived neurotrophic factor precursor.



REFERENCES

 1. Stanton R, Rosenbaum S, Rebar A, Happell B. Prevalence of chronic health conditions in Australian adults with depression and/or anxiety. Issues Ment Health Nurs. (2019) 40:902–7. doi: 10.1080/01612840.2019.1613701 

 2. Ren Y, Yang H, Browning C, Thomas S, Liu M. Prevalence of depression in coronary heart disease in china: a systematic review and meta-analysis. Chin Med J. (2014) 127:2991–8.

 3. Moussavi S, Chatterji S, Verdes E, Tandon A, Patel V, Ustun B. Depression, chronic diseases, and decrements in health: results from the world health surveys. Lancet. (2007) 370:851–8. doi: 10.1016/S0140-6736(07)61415-9

 4. Smarr KL, Keefer AL. Measures of depression and depressive symptoms. Arthritis Care Res. (2020) 72(Suppl. 10):608–29. doi: 10.1002/acr.24191

 5. Christoph M, Christoph A, Dannemann S, Poitz D, Pfluecke C, Strasser RH, et al. Mental symptoms in patients with cardiac symptoms and normal coronary arteries. Open Heart. (2014) 1:e000093. doi: 10.1136/openhrt-2014-000093

 6. Piccolo R, Giustino G, Mehran R, Windecker S. Stable coronary artery disease: revascularisation and invasive strategies. Lancet. (2015) 386:702–13. doi: 10.1016/S0140-6736(15)61220-X

 7. Jang HY, Song YK, Kim JH, Kim MG, Han N, Lee HY, et al. Impact of depression on change in coronary heart disease risk status: the Korean genome and epidemiology study (koges). Ther Clin Risk Manag. (2018) 14:121–8. doi: 10.2147/TCRM.S149501

 8. Lahtinen M, Kiviniemi AM, Junttila MJ, Kaariainen M, Huikuri HV, Tulppo MP. Depressive symptoms and risk for sudden cardiac death in stable coronary artery disease. Am J Cardiol. (2018) 122:749–55. doi: 10.1016/j.amjcard.2018.05.006

 9. Lichtman JH, Froelicher ES, Blumenthal JA, Carney RM, Doering LV, Frasure-Smith N, et al. Depression as a risk factor for poor prognosis among patients with acute coronary syndrome: systematic review and recommendations: a scientific statement from the American heart association. Circulation. (2014) 129:1350–69. doi: 10.1161/CIR.0000000000000019

 10. Wu Y, Zhu B, Chen Z, Duan J, Luo A, Yang L, et al. Prevalence and predisposing factors of depressive symptoms in patients with stable coronary artery disease: a cross-sectional single-center study. Aging. (2019) 11:3958–68. doi: 10.18632/aging.102026

 11. Vaccarino V, Badimon L, Bremner JD, Cenko E, Cubedo J, Dorobantu M, et al. Depression and coronary heart disease: 2018 ESC position paper of the working group of coronary pathophysiology and microcirculation developed under the auspices of the esc committee for practice guidelines. Eur Heart J. (2019) 41:1687–96. doi: 10.1093/eurheartj/ehy913

 12. Wu Y, Zhu B, Chen Z, Duan J, Luo A, Yang L, et al. New insights into the comorbidity of coronary heart disease and depression. Curr Probl Cardiol. (2019) 100413. doi: 10.1016/j.cpcardiol.2019.03.002

 13. Cong WT, Ling J, Tian HS, Ling R, Wang Y, Huang BB, et al. Proteomic study on the protective mechanism of fibroblast growth factor 21 to ischemia-reperfusion injury. Can J Physiol Pharmacol. (2013) 91:973–84. doi: 10.1139/cjpp-2012-0441

 14. Patel V, Adya R, Chen J, Ramanjaneya M, Bari MF, Bhudia SK, et al. Novel insights into the cardio-protective effects of FGF21 in lean and obese rat hearts. PLoS ONE. (2014) 9:e87102. doi: 10.1371/journal.pone.0087102

 15. Planavila A, Redondo-Angulo I, Ribas F, Garrabou G, Casademont J, Giralt M, et al. Fibroblast growth factor 21 protects the heart from oxidative stress. Cardiovasc Res. (2015) 106:19–31. doi: 10.1093/cvr/cvu263

 16. Liu Y, Wang M, Tan X, Wang X, Yang X, Xiao J, et al. Negative correlation between cerebrospinal fluid FGF21 levels and BDI scores in male Chinese subjects. Psychiatry Res. (2017) 252:111–3. doi: 10.1016/j.psychres.2017.01.075

 17. Fernandez-Sola J, Planavila Porta A. New treatment strategies for alcohol-induced heart damage. Int J Mol Sci. (2016) 17:1651. doi: 10.3390/ijms17101651

 18. Wu YS, Zhu B, Luo AL, Yang L, Yang C. The role of cardiokines in heart diseases: beneficial or detrimental? Biomed Res Int. (2018) 2018:8207058. doi: 10.1155/2018/8207058

 19. Yie J, Wang W, Deng L, Tam LT, Stevens J, Chen MM, et al. Understanding the physical interactions in the FGF21/FGFR/β-klotho complex: structural requirements and implications in FGF21 signaling. Chem Biol Drug Des. (2012) 79:398–410. doi: 10.1111/j.1747-0285.2012.01325.x

 20. Fisher FM, Maratos-Flier E. Understanding the physiology of FGF21. Annu Rev Physiol. (2016) 78:223–41. doi: 10.1146/annurev-physiol-021115-105339

 21. Min X, Weiszmann J, Johnstone S, Wang W, Yu X, Romanow W, et al. Agonistic β-klotho antibody mimics fibroblast growth factor 21 (FGF21) functions. J Biol Chem. (2018) 293:14678–88. doi: 10.1074/jbc.RA118.004343

 22. Foltran RB, Diaz SL. BDNF isoforms: a round trip ticket between neurogenesis and serotonin? J Neurochem. (2016) 138:204–21. doi: 10.1111/jnc.13658

 23. Huang N, Yang C, Hua D, Li S, Zhan G, Yang N, et al. Alterations in the BDNF-mTOR signaling pathway in the spinal cord contribute to hyperalgesia in a rodent model of chronic restraint stress. Neuroscience. (2019) 409:142–51. doi: 10.1016/j.neuroscience.2019.03.052

 24. Miranda M, Morici JF, Zanoni MB, Bekinschtein P. Brain-derived neurotrophic factor: a key molecule for memory in the healthy and the pathological brain. Front Cell Neurosci. (2019) 13:363. doi: 10.3389/fncel.2019.00363

 25. Phillips C. Brain-derived neurotrophic factor, depression, and physical activity: making the neuroplastic connection. Neural Plast. (2017) 2017:7260130. doi: 10.1155/2017/7260130

 26. Qiao H, An SC, Xu C, Ma XM. Role of proBDNF and BDNF in dendritic spine plasticity and depressive-like behaviors induced by an animal model of depression. Brain Res. (2017) 1663:29–37. doi: 10.1016/j.brainres.2017.02.020

 27. Zhan G, Huang N, Li S, Hua D, Zhang J, Fang X, et al. PGC-1αa-FNDC5-BDNF signaling pathway in skeletal muscle confers resilience to stress in mice subjected to chronic social defeat. Psychopharmacology. (2018) 235:3351–8. doi: 10.1007/s00213-018-5041-2

 28. Mori A, Nishioka Y, Yamada M, Nishibata Y, Masuda S, Tomaru U, et al. Brain-derived neurotrophic factor induces angiogenin secretion and nuclear translocation in human umbilical vein endothelial cells. Pathol Res Pract. (2018) 214:521–6. doi: 10.1016/j.prp.2018.02.013

 29. Tasci I, Kabul HK, Aydogdu A. Brain derived neurotrophic factor (BDNF) in cardiometabolic physiology and diseases. Anadolu Kardiyol Derg. (2012) 12:684–8. doi: 10.5152/akd.2012.221

 30. Wang J, Hu L, Xu J, Li QH, Wu ZJ, Cai RL, et al. [Electroacupuncture stimulation of different acupoint or paired acupoints on expression of BDNF and TRKB proteins and genes in hippocampus in myocardial ischemic rats]. Zhen Ci Yan Jiu. (2016) 41:40–4.

 31. Domingueti CP, Dusse LM, Carvalho Md, de Sousa LP, Gomes KB, Fernandes AP. Diabetes mellitus: the linkage between oxidative stress, inflammation, hypercoagulability and vascular complications. J Diabetes Compl. (2016) 30:738–45. doi: 10.1016/j.jdiacomp.2015.12.018

 32. Suzuki T, Shiga T, Kuwahara K, Kobayashi S, Suzuki S, Nishimura K, et al. Depression and outcomes in hospitalized Japanese patients with cardiovascular disease. - Prospective single-center observational study. Circ J. (2011) 75:2465–73. doi: 10.1253/circj.CJ-11-0140

 33. Wang L, Song R, Chen Z, Wang J, Ling F. Prevalence of depressive symptoms and factors associated with it in type 2 diabetic patients: a cross-sectional study in China. BMC Public Health. (2015) 15:188. doi: 10.1186/s12889-015-1567-y

 34. Machado MO, Veronese N, Sanches M, Stubbs B, Koyanagi A, Thompson T, et al. The association of depression and all-cause and cause-specific mortality: an umbrella review of systematic reviews and meta-analyses. BMC Med. (2018) 16:112. doi: 10.1186/s12916-018-1101-z

 35. Zhang Y, Chen Y, Ma L. Depression and cardiovascular disease in elderly: current understanding. J Clin Neurosci. (2018) 47:1–5. doi: 10.1016/j.jocn.2017.09.022

 36. Paraskevaidis I, Palios J, Parissis J, Filippatos G, Anastasiou-Nana M. Treating depression in coronary artery disease and chronic heart failure: What's new in using selective serotonin re-uptake inhibitors? Cardiovasc Hematol Agents Med Chem. (2012) 10:109–15.

 37. Serebruany VL, Suckow RF, Cooper TB, O'Connor CM, Malinin AI, Krishnan KR, et al. Relationship between release of platelet/endothelial biomarkers and plasma levels of sertraline and n-desmethylsertraline in acute coronary syndrome patients receiving ssri treatment for depression. Am J Psychiatry. (2005) 162:1165–70. doi: 10.1176/appi.ajp.162.6.1165

 38. Golimbet VE, Volel BA, Korovaitseva GI, Kasparov SV, Kondratiev NV, Kopylov FY. [Association of inflammatory genes with neuroticism, anxiety and depression in male patients with coronary heart disease]. Zh Nevrol Psikhiatr Im S S Korsakova. (2017) 117:74–9. doi: 10.17116/jnevro20171173174-79

 39. Halaris A. Co-morbidity between cardiovascular pathology and depression: role of inflammation. Mod Trends Pharmacopsychiatry. (2013) 28:144–61. doi: 10.1159/000343981

 40. Headrick JP, Peart JN, Budiono BP, Shum DHK, Neumann DL, Stapelberg NJC. The heartbreak of depression: 'psycho-cardiac' coupling in myocardial infarction. J Mol Cell Cardiol. (2017) 106:14–28. doi: 10.1016/j.yjmcc.2017.03.007

 41. Pizzi C, Santarella L, Manfrini O, Chiavaroli M, Agushi E, Cordioli E, et al. [Ischemic heart disease and depression: an underestimated clinical association]. G Ital Cardiol. (2013) 14:526–37.

 42. Cepeda MS, Stang P, Makadia R. Depression is associated with high levels of c-reactive protein and low levels of fractional exhaled nitric oxide: results from the 2007-2012 national health and nutrition examination surveys. J Clin Psychiatry. (2016) 77:1666–71. doi: 10.4088/JCP.15m10267

 43. Samms RJ, Lewis JE, Norton L, Stephens FB, Gaffney CJ, Butterfield T, et al. FGF21 is an insulin-dependent postprandial hormone in adult humans. J Clin Endocrinol Metab. (2017) 102:3806–13. doi: 10.1210/jc.2017-01257

 44. Yu D, Ye X, Wu Q, Li S, Yang Y, He J, et al. Insulin sensitizes FGF21 in glucose and lipid metabolisms via activating common AKT pathway. Endocrine. (2016) 52:527–40. doi: 10.1007/s12020-015-0801-9

 45. Cuevas-Ramos D, Mehta R, Aguilar-Salinas CA. Fibroblast growth factor 21 and browning of white adipose tissue. Front Physiol. (2019) 10:37. doi: 10.3389/fphys.2019.00037

 46. Wang X, Huang X, Hou J. Relationship between serum fibroblast growth factor 21 levels and morphological atherosclerotic plaque characteristics in patients with coronary heart disease. Eur Heart J Suppl. (2016) 18(Suppl. F):F37. doi: 10.1093/eurheartj/suw036

 47. Kuzina ES, Ung PM, Mohanty J, Tome F, Choi J, Pardon E, et al. Structures of ligand-occupied β-klotho complexes reveal a molecular mechanism underlying endocrine FGF specificity and activity. Proc Natl Acad Sci USA. (2019) 116:7819–24. doi: 10.1073/pnas.1822055116

 48. Perez-Marti A, Sandoval V, Marrero PF, Haro D, Relat J. Nutritional regulation of fibroblast growth factor 21: from macronutrients to bioactive dietary compounds. Horm Mol Biol Clin Invest. (2016) 30. doi: 10.1515/hmbci-2016-0034

 49. Bian A, Neyra JA, Zhan M, Hu MC. Klotho, stem cells, and aging. Clin Interv Aging. (2015) 10:1233–43. doi: 10.2147/CIA.S84978

 50. Maltese G, Psefteli PM, Rizzo B, Srivastava S, Gnudi L, Mann GE, et al. The anti-ageing hormone klotho induces NRF2-mediated antioxidant defences in human aortic smooth muscle cells. J Cell Mol Med. (2017) 21:621–7. doi: 10.1111/jcmm.12996

 51. Yokoyama JS, Marx G, Brown JA, Bonham LW, Wang D, Coppola G, et al. Systemic klotho is associated with KLOTHO variation and predicts intrinsic cortical connectivity in healthy human aging. Brain Imaging Behav. (2017) 11:391–400. doi: 10.1007/s11682-016-9598-2

 52. Maarsingh OR, Heymans MW, Verhaak PF, Penninx B, Comijs HC. Development and external validation of a prediction rule for an unfavorable course of late-life depression: a multicenter cohort study. J Affect Disord. (2018) 235:105–13. doi: 10.1016/j.jad.2018.04.026

 53. Schaakxs R, Comijs HC, Lamers F, Kok RM, Beekman ATF, Penninx B. Associations between age and the course of major depressive disorder: a 2-year longitudinal cohort study. Lancet Psychiatry. (2018) 5:581–90. doi: 10.1016/S2215-0366(18)30166-4

 54. Ng TP. Old age depression: worse clinical course, brighter treatment prospects? Lancet Psychiatry. (2018) 5:533–4. doi: 10.1016/S2215-0366(18)30186-X

 55. Leal G, Comprido D, Duarte CB. BDNF-induced local protein synthesis and synaptic plasticity. Neuropharmacology. (2014) 76(Pt C):639–56. doi: 10.1016/j.neuropharm.2013.04.005

 56. Mohammadi A, Amooeian VG, Rashidi E. Dysfunction in brain-derived neurotrophic factor signaling pathway and susceptibility to Schizophrenia, Parkinson's and Alzheimer's diseases. Curr Gene Ther. (2018) 18:45–63. doi: 10.2174/1566523218666180302163029

 57. Numakawa T, Odaka H, Adachi N. Actions of brain-derived neurotrophin factor in the neurogenesis and neuronal function, and its involvement in the pathophysiology of brain diseases. Int J Mol Sci. (2018) 19:3650. doi: 10.3390/ijms19113650

 58. Cao L, Zhang L, Chen S, Yuan Z, Liu S, Shen X, et al. BDNF-mediated migration of cardiac microvascular endothelial cells is impaired during ageing. J Cell Mol Med. (2012) 16:3105–15. doi: 10.1111/j.1582-4934.2012.01621.x

 59. Solvsten CAE, Daugaard TF, Luo Y, de Paoli F, Christensen JH, Nielsen AL. The effects of voluntary physical exercise-activated neurotrophic signaling in rat hippocampus on mRNA levels of downstream signaling molecules. J Mol Neurosci. (2017) 62:142–53. doi: 10.1007/s12031-017-0918-9

 60. Wang BL, Jin H, Han XQ, Xia Y, Liu NF. Involvement of brain-derived neurotrophic factor in exerciseinduced cardioprotection of post-myocardial infarction rats. Int J Mol Med. (2018) 42:2867–80. doi: 10.3892/ijmm.2018.3841

 61. Chen J, Zhang T, Jiao S, Zhou X, Zhong J, Wang Y, et al. ProBDNF accelerates brain amyloid-β deposition and learning and memory impairment in APPswePS1dE9 transgenic mice. J Alzheimers Dis. (2017) 59:941–9. doi: 10.3233/JAD-161191

 62. Han W, Zhang C, Wang H, Yang M, Guo Y, Li G, et al. Alterations of irisin, adropin, preptin and bdnf concentrations in coronary heart disease patients comorbid with depression. Ann Transl Med. (2019) 7:298. doi: 10.21037/atm.2019.05.77

 63. Kuhlmann SL, Tschorn M, Arolt V, Beer K, Brandt J, Grosse L, et al. Serum brain-derived neurotrophic factor and stability of depressive symptoms in coronary heart disease patients: a prospective study. Psychoneuroendocrinology. (2017) 77:196–202. doi: 10.1016/j.psyneuen.2016.12.015

 64. Wilkinson ST, Kiselycznyk C, Banasr M, Webler RD, Haile C, Mathew SJ. Serum and plasma brain-derived neurotrophic factor and response in a randomized controlled trial of riluzole for treatment resistant depression. J Affect Disord. (2018) 241:514–8. doi: 10.1016/j.jad.2018.08.075

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Wu, Chen, Duan, Huang, Zhu, Yang and Zheng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpsyt-11-587492-g005.gif





OPS/images/fpsyt-11-587492-t001.jpg
Parameters

Age (years)
Male (%)

SBP (mmHg)
DBP (mmHg)
BMI (kg/m?)
ALT (UAL)
AST (UIL)
STB (m/L)
HDL (mmolL)
LDL (mmolL)
vel

BUN (mg/d)
Cr (wmmol/L)
Hb (g/L)
WBC (x 10°)
N (%)

L(%)

HC (n = 45)

61287
32(71.1)
185 + 19
78+ 11

28717
194£79
25+70
128+43

127 £029

256 +0.53

1.71£0.22

579+2.10

795+ 113

147.4 £ 139

5.54.+1.31

59977
38274

SCAD (n = 116)

63.4:9.0
84(72.4)
135+ 18
79£11
24630
261 +£14.4
287£7.9
102£4.4
1.05 4028
2.04%0.69
1.64 +0.30
498186
80.1 +£44.4
138.6 = 12.3
6.51 £1.51
63284
27687

P-value

0.166
0.869
0.936
0.433
0.022
0.018
0.344
0.001
<0.001
<0.001
0.054
0.019
0.901
<0.001
<0.001
0.026
<0.001

A/G, albumin/globuiins; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
BMI, body mass index; BUN, biood urea nitrogen; Cr, creatinine; DBP, diastolic blood
pressure; Hb, hemoglobin; HC, healthy controls; HDL, high density lipoprotein; L%,
lymphocyte percentage; LDL, low density lipoprotein; N%, neutrophil percentage; SCAD,
stable coronary artery disease; SR systolic blood pressure; STB, serum total biliubin;
WBC, white blood cel. After tested for normalty, the means of ALT, AST, A/G, and Cr
of the two groups were compared using the Mann-Whitney U-test, while others were
compared using a t-test and a chi-squared test (for categorical data).





OPS/images/fpsyt-11-587492-g003.gif
Sbs

Gensil

scores





OPS/images/fpsyt-11-587492-g004.gif





OPS/images/fpsyt-11-587492-t004.jpg
Parameters B SE 95% Cl * P-value

FGF21 0.005 0.004 —0.003~0.014 1.240 0217
p-Klotho -0.772 0.375 —1.515~0.029 —2.059 0.042
mBDNF —-0.140 0.079 —0.2098~0.017 -1.763 0.081
proBDNF 0.031 0.013 —0.408~0.470 0.140 0.889

BDNF, brain derived neurotrophic factor; FGF21, fibroblast growth factor 21. The multiple
linear regression analysis bt a significant model to predict SDS score based on the
serum levels of those factors (F = 2.492, p = 0.047, BO = 63.764), but the cosfficient
of determination was low (R2 = 0.082). Analysis of variance inflation factors (VIFs)
did not demonstrate multicollneaity between factors. No violations of Iinearity were
detected. Significant predictor for a higher SDS score was the lower B-Klotho levels serum
B=-0.772, p = 0.042).






OPS/images/fpsyt-11-587492-t002.jpg
Parameters Without With P-value

depressive depressive
symptoms symptoms
(n=30) (n=86)

Age (years) 62.0% 105 63985 0382
Male (%) 22(64.7) 62(72.1) 0.896
SBP (mmHg) 134+ 18 135 £ 19 0868
DBP (mmHg) 80+ 12 79+ 10 0.799
BMI (kg/m?) 250+3.0 244+30 0429
Diabstes melltus (%) 6(20.0) 32(37.2) 0084
Current smoking (%) 10(33.3) 32(37.2) 0704
ALT (UAL) 279+ 172 24.1+183 0202
AST (L) 25187 28375 0.287
STB (um/L) 109:£35 100£46 0362
HOL (mmolL) 1.00 021 1.07 £024 0120
LDL (mmoirL) 212077 201:£066 0.467
G 1.72:£038 1.61+£025 0247
BUN (mg/dl) 476 £ 1.16 5.06 £2.05 0.443
Cr (ummol/) 814318 796+ 482 0.162
Hb (g/L) 1383+ 133 1388+ 12.0 0.859
WBC (x10°/L) 7.08% 174 633 1.39 0029
N (%) 61.4£69 638+89 0183
L(%) 29195 27.4+84 0284
Medications (%)

B blockers 7(233) 36(41.9) 0070
Statins 13 (43.3) 417.7) 0681
LVEF (%) 62.1£28 615+5.4 0570
Gensini scores. 19.72 + 8.96 30.71 % 28.40 <0001

A/G, albumin/globuiins; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
BMI, bodly mass index; BUN, blood urea nitrogen; Cr, creatinine; DBP diestolic blood
pressure; Hb, hemoglobin; HC, healthy controls; HDL, high density lipoprotein; L%,
lymphocyte percentage; LOL, low density lipoprotein; LVEF; left ventricular jection
fraction; NS, neutrophil percentage; SCAD, stable coronary artery disease; SBR, systolic
blood pressure; STB, serum totel biliubin; WBC, white blood cel. After tested for
normality, the means of ALT, AST, A/G, Cr, LVEF, and Gensini scores of the two groups
were compared using the Mann-Whitney U-test, while others were compared using a
t-test and a chi-squared test (for categorical data).






OPS/images/fpsyt-11-587492-t003.jpg
Parameters B SE 95% ClI t P-value

FGF21 -0.012 0.016 —0.042~0.017 -0.818 0.415
p-klotho —1.257 1.334 —3.901~1.387 —0.942 0.348
mBDNF 0.167 0.283 —0.393~0.728 0.501 0.556
proBDNF -0.103 0.788 —1.664~1.458 -0.131 0.896

BDNF, brain derived neurotrophic factor; FGF21, fibroblast growth factor 21. The
multiple linear regression analysis showed that there was no significant correlation
between FGF21, B-klotho, mBDNF, and proBDNF concentrations, and the Gensini scores
(F=0.576, p = 0.681, R? = 0.020, BO = 40.067), and none of the variables were
significant predictors of Gensini score (o > 0.05).





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Serum Levels of FGF21, β-Klotho, and BDNF in Stable Coronary Artery Disease Patients With Depressive Symptoms: A Cross-Sectional Single-Center Study



		Introduction



		Materials and Methods



		Patients and Study Design



		Physical and Clinical Examination



		Assessment of DS



		Enzyme-Linked Immunosorbent Assay (ELISA)



		Statistical Analysis







		Results



		Comparison Between the Clinical Characteristics of HC and SCAD Subjects



		Comparison of the Clinical Characteristics of SCAD Patients With and Without DS



		Correlation Analysis Between Serum Concentrations, Gensini Scores, and the SDS



		Comparison of the Incidence of DS in SCAD Patients With Lower or Higher FGF21, β-klotho, mBDNF, or proBDNF Levels







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Psychiatry

Serum Levels of FGF21, B-Klotho,
and BDNF in Stable Coronary Artery
Disease Patients With Depressive
Symptoms: A Cross-Sectional
Single-Center Study





OPS/images/fpsyt-11-587492-g001.gif





OPS/images/fpsyt-11-587492-g002.gif





OPS/images/fpsyt-11-587492-t005.jpg
FGF21
Low level
High level
p-Klotho
Low level
High level
mBDNF
Low level
High level
proBDNF
Low level
High level

Without depressive
symptoms (n = 30)

23

17
13

|

with depressive
symptoms (n = 86)

61
26

39
a7

67
19

23
63

X

0.366

2.160

5.023

0.118

P-value

0.545

0.142

0025

0.731

BDNF, brain derived neurotrophic factor; FGF21, fibroblast growth factor 21; SCAD, stable
coronary artery disease. A chi-squared test was used.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychiatry





