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ABSTRACT 

Follistatin –like protein 1 (FSTL1) secretion during exercise

Arim Choi

Department of Medicine 

The Graduate School, Yonsei University 

(Directed by Professor Chul woo Ahn)

The benefits of aerobic training on cardio-metabolic health seem to be partly 

mediated by the cumulative effects of repeated, acute bouts of 

exercise-induced changes in several hormones and molecules such as the 

so-called myokines and adipokines, which are released from muscles and 

adipose tissue, respectively, to the blood and exert endocrine or paracrine 

effects in other cells, tissues or organs. Follistatin-like-1 (FSTL1) is a novel 

adipo-myokine that has been demonstrated in recent years to be associated with 

metabolism and insulin sensitivity. Also in heart, FSTL1 has been regarded as 

cardio-protective molecule upregulated in heart injuries including myocardial 

infarction, pressured overload-induced hypertrophy and ischemia/reperfusion injury. 

FSTL1 is also considered as an angiogenic factor, suggesting that FSTL1 might be an 

important factor in cardiovascular system. Recently, it has been reported that FSTL-1 

facilitates adipocyte apoptosis, and in obese individuals, circulating FSTL-1 levels 

were found to be lower than those in nonobese individuals. Therefore, the primary 
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objective of this study was to find out the factors that could affect the release of 

FSTL1 during exercise and finally investigate the cardio-protective effect of aerobic 

exercise through the aspect of myokine FSTL1.   

Key words: FSTL1, myokine, aerobic exercise, obese, blood pressure, 
cardio-protective effect 
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Follistatin –like protein 1 (FSTL1) secretion during exercise

Arim choi

Department of Medicine

The Graduate School, Yonsei University 

(Directed by Professor Chul woo Ahn)

I. INTRODUCTION

The prevalence of overweight and obesity has increased substantially in all societies 

across the globe during last 3 decades and all indications are that this trend is likely to 

continue unabated in the coming years. This is a major public health concern because 

obesity has far reaching negative effects on health. The risk of type 2 diabetes, 

cardiovascular disease, certain types of cancers, and even mortality are directly 

proportional to the degree of obesity. Thus, it goes without saying that there is a need 

to reverse this modern epidemic. Exercise is recommended for weight management 

by virtually every public health organization 1. 

Regular physical exercise is an effective lifestyle intervention for the prevention and 

treatment of numerous non-communicable diseases, with “aerobic” exercise being 

probably the most commonly prescribed modality. Aerobic exercise has proven to 

reduce cardiovascular disease (CVD) risk factors such as high blood pressure, 

hyperlipidemia, or altered glucose homeostasis among others 2. However, the 
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magnitude of the health benefits seem to depend on exercise loads. 

For instance, a greater improvement in CVD risk factors and cardiorespiratory fitness 

(CRF) might be observed with vigorous exercise (i.e., >6 metabolic equivalents 

[METs], or >60% of maximal oxygen uptake [VO2 max]) than with less intense 

training 3. The prescription of aerobic training loads can therefore be modified to 

maximize health benefits. In this regard, there is a high inter-individual variability in 

the physiological responses and adaptations to exercise at a fixed relative intensity 

(i.e., expressed as a percentage of VO2 max or maximal heart rate) 4. By contrast, 

prescribing exercise loads relative to individually determined specific physiological 

indicators (“thresholds”) whose relative intensity varies between individuals might 

homogenize the elicited stress and thus reduce individual variability in metabolic 

responses 4. 

The benefits of aerobic training on cardio-metabolic health seem to be partly 

mediated by the cumulative effects of repeated, acute bouts of exercise-induced 

changes in several hormones and molecules such as the so-called myokines and 

adipokines, which are released from muscles and adipose tissue, respectively, to the 

blood and exert endocrine or paracrine effects in other cells, tissues or organs 5. 

Several myokines have been proposed to mediate exercise induced health benefits 

besides the most studied and well known myokine. 

Recently, bioactive molecules, called adipo-myokines 7, which are produced by 

metabolic organs, such as skeletal muscle and adipose tissues, have attracted attention 

and have been reported as closely associated with metabolic disorders 6. 

Follistatin-like-1 (FSTL1) 7 is a novel adipo-myokine that has been demonstrated in 

recent years to be associated with metabolism and insulin sensitivity. Specifically, 

FSTL1, also known as TSC-36, is a glycoprotein 8 associated with the metabolism of 

glucose 9. It has been reported that FSTL1 enhances the uptake of glucose by 

stimulating the translocation of the glucose transporter 4 (GLUT4) to the plasma 
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membrane in skeletal muscles 9. 

Follistatin-like protein-1 (FSTL-1), identified initially as a transforming growth 

factor-β1–inducible gene, is a secretory extracellular glycoprotein that belongs to the 

FST SPARC family, and its amino acid sequence contains a follistatin-like domain 10. 

In previous studies, FSTL-1 was found to be associated with tissue inflammation in 

vivo and induced interleukin-6 (IL-6) secretion in vitro 11-14. Also in heart, FSTL1 has 

been regarded as cardio-protective molecule upregulated in heart injuries including 

myocardial infarction, pressured overload-induced hypertrophy and 

ischemia/reperfusion injury 15. FSTL1 is also considered as an angiogenic factor, 

suggesting that FSTL1 might be an important factor in cardiovascular system 15-19. 

Recently, it has been reported that FSTL-1 facilitates adipocyte apoptosis, and in 

obese individuals, circulating FSTL-1 levels were found to be lower than those in 

nonobese individuals 20-24. Therefore, the primary objective of this study was to find 

out the factors that could affect the release of FSTL1 during exercise and finally 

investigate the cardio-protective effect of aerobic exercise through the aspect of 

myokine FSTL1.   

II. RESEARCH DESIGN AND METHODS 

1. Subjects

Fifteen untrained subjects (8 obese[male] and 7 normal-weight[male]) aged 18-40 

participated in the study. Subjects with a BMI 25-29.9kg/m2 were classified as class 1 

obese, and those with a BMI between 18.5-22.9kg/m2 were classified as lean-body 

weight. To limit the effect of training on physiological response to acute exercise, 

those who reported more than 150 min of moderate and high physical activity levels 

per week as determined by a 7-day physical activity recall questionnaire were 

excluded from participation. Subjects were excluded from participation if they 
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possessed any known inflammatory diseases/conditions, with a history of 

cardiovascular or metabolic disease, medical problems, or if they were taking 

medication known to affect health factors such as heart rate, blood pressure, or lipid 

profile.  Subjects were also excluded from the study if they were users of tobacco 

products or if they consumed an average of ten or more alcoholic beverages per week. 

Subjects were instructed to undergo an 8 hour overnight fast and to abstain from 

alcohol, caffeine intake, and intense physical activity 24 hour prior to each laboratory 

visit. All participants were provided informed consent and completed a medical 

history questionnaire prior to participation, and the study was approved by the 

Institutional Review Board of Gangnam Severance Hospital.

2. Anthropometric measurements and Clinical parameters  

A. Height, weight, waist circumference, blood pressure, heart rate 

B. Bioimpedance analysis 

Height and weight were measured to the nearest 0.1 cm and 0.1 kg, respectively, 

using a calibrated stadiometer and platform. Waist circumference and blood pressure 

were checked with their light clothes on. Waist circumference measurement was 

carried out at midpoint between the border of the iliac crest and the last rib, the same 

protocol proposed by the World Health Organization(WHO), European Society of 

Cardiology(ESC) and International Society for the Advancement of 

Kinanthropometry(ISAK). Body composition (body fat and skeletal muscle mass, 

body fat percent and body mass index) was determined by InBody test based on 

bioimpedance analysis (Inbody770, Seoul, South Korea).

3. Biochemical parameters 

A. Fating plasma glucose, total cholesterol, HDL-cholesterol, 

LDL-cholesterol, triglyceride

B. FSTL1 
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Each participant attended our laboratory between 8:00 and 10:00 on the morning after 

an 8hour overnight fasting. A 10ml blood samples were drawn from the antecubital 

vein and immediately centrifuged at 3000RPM for 10 min at room temperature. 

Baseline parameters including CBC, BUN, Creatinine, AST, ALT, Total cholesterol, 

Triglyceride, HDL-cholesterol were examined from the blood samples collected prior 

to exercise, half of exercise and immediately post and 1 and 2hours into recovery 

using the EDTA collection tubes. LDL-cholesterol was calculated by Friedwald 

equation.

Plasma was collected and immediately stored at -80C for future analysis of Glucose, 

Free glycerol, Insulin, Glucagon, Epinephrine, Free fatty acid, Fstl1. Enzyme-linked 

immunosorbent assay (ELISA) was used for the analysis of the concentration of 

FSTL1 (Boster, number: EK0965), Glycerol (Abcam, number: ab65337), FFA 

(Abcam, number: ab65341), Epinerphrine (MyBioSource, number: MBS494515), 

Insulin (Abcam, number: ab200011), Glucagon (Cloud Clone, number: CEB266Hu), 

Glucose (mg/dL).

4. Exercise test 

Each individual exercised on the treadmill until they burned 300Kcal (moderate 

exercise), and the time was calculated by the equation including the following criteria: 

1) Heart rate reserve(%HRR) and Targeted heart rate(THR) according to the 

American College of Sports Medicine (ACSM 2) Subjects performed moderate 

intensity aerobic exercise, expending 300Kcal, 3) Total exercise time(T) calculated by 

ACSM metabolic equation, time needed for consuming 300Kcal during exercise; 

I. HRR= (220-age) – (Resting HR)

II. THR= (HRR X *exercise intensity) + Resting HR  *moderate: 0.55

III. VO2max = (0.2 · S) + (0.9 · S · G) + 3.5 (ACSM equation), S: speed; G: 

grade

IV. Kcal*min= (MET*Body mass in kg*3.5)/200
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Figure 1. Exercise test and time-points for baseline and biochemical parameter test 

5. Statistical analysis 

Data analysis was performed using SPSS version 21.0. Nonparametric test was 

conducted to compare baseline levels of all variables between normal-weight and 

obese subjects. Two group (normal-weight and obese) repeated measures by six 

time-point (pre, half-exercise, immediately post-exercise, recovery on 30min, 1hour 

and 2hour) were analyzed by using Spearman’s rank correlation analysis to evaluate 

the effect of aerobic exercise on FSTL1, glycerol and glucose. To assess intensity of 

FSTL1 response to exercise, area-under-the-curves(AUC) was calculated. AUC was 

also calculated for glycerol, free fatty acid, epinephrine, insulin, glucagon, glucose. 

Levels of statistical significance were set at P < 0.05. 

III. RESULTS

1. Participant anthropometric characteristics and clinical parameters 

During the study period, there were no subjects to be dropped out. A total of 15 

subjects (7 participants in the lean group and 8 participants in the obese group) 

completed the study. The participants’ clinical parameters and anthropometric 

characteristics are presented in Table 1. While lean group mean age was 23 years, 

mean BMI 22.5kg/m2, mean systolic blood pressure 123mmHg and mean diastolic 

blood pressure 82mmHg, obese group mean age was 24 years, mean BMI 28.7kg/m2, 

mean systolic blood pressure 132.5mmHg and mean diastolic blood pressure 

85.5mmHg. Bioimpedance analysis showed statistically significant differences 

between the lean and obese group. Mean skeletal muscle mass of lean group was 

31.9kg and obese group was 35.6kg with p value 0.064. Mean body fat mass of lean 
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group was 12.1kg and obese group was 24.2kg with p value 0.001. Mean body fat 

percent of lean group was 17.2% and obese group was 27.6% with p value 0.003. 

Mean visceral fat area of lean group was 46.5cm2 and obese group was 99.4cm2 with 

p value 0.003. 

2. Biochemical parameters 

Subjects’ fasting plasma glucose, total cholesterol, HDL-cholesterol and 

LDD-cholesterol along with triglyceride are outlined in Table 1. Analyzed by 

nonparametric independent t-test, mean fasting plasma glucose level of lean group 

was 84mg/dL and obese group was 91.5mg/dL. Mean total cholesterol of lean group 

was 184mg/dL and obese group was 173mg/dL. Mean HDL-cholesterol of lean group 

was 54mg/dL and obese group 54.5mg/dL. Mean LDL-cholesterol of lean group was 

100mg/dL and obese group 89.5mg/dL. Mean triglyceride of lean group was 

126mg/dL and obese group 142.5mg/dL. 

Table 1. Participant descriptive characteristics and anthropometric measures
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3. FSTL1 concentration during exercise 

Plasma concentration of FSTL1 was assessed on baseline and following the aerobic 

exercise in both lean and obese group (Table 2 and Figure1). The peak median level 

of FSTL1 on termination of exercise was 662.3ng/mL in lean group and 678.3ng/mL 

in obese group. FSTL1 level increased gradually after exercise and it decreased 

gradually on recovery both in lean and obese group. Median FSTL1 plasma 

concentration of lean group was higher than the obese group on each time point, but 

without statistical significance.

 The product of FSTL1 plasma concentration and time during exercise is expressed 

as area under the concentration time curve (AUC). FSTL1 concentration AUC during 

exercise (EX AUC) of lean group was 20147.4 and obese group 18533.3. FSTL1 

concentration AUC only after the termination of exercise, on the recovery time (Post 

exercise) of lean group was 74937.15 and obese group was 67097.03. FSTL1 

concentration AUC during entire exercise study, AUC sum of during exercise and 

after the exercise during recovery, of lean group was 95084.55 and obese group was 



11

85630.33. FSTL1 concentration AUC of lean group was higher than obese group on 

each time point, but also without statistical significance. 

Table 2. Assessment of plasma FSTL1 concentrations at baseline and response to 

exercise in lean group and obese group

600.0

1000.0
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Figure 1. Average plasma concentrations of FSTL1 at baseline and following aerobic 

exercise in lean group and obese group and total group. Plus error bars in lean group 

and minus error bars in obese group are added. Pre-Ex: pre-exercise; 1/2-Ex: 

half-time exercise; Post-Ex: post-exercise; 30min: recovery 30min; 1hr: recovery 1hr; 

2hr: recovery 2hr.   

60000

Figure 2. FSTL1 plasma concentration AUC during exercise and post exercise and 

total time in lean group and obese group. Ex AUC: FSTL1 concentration AUC during 

exercise; Post AUC: FSTL1 concentration AUC post exercise, only after the 

termination of exercise; Total AUC: FSTL1 concentration AUC as the sum of during 

exercise and after the exercise(= Ex AUC+Post AUC).

4. Dynamics correlation
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To see the correlation between the subjects' biochemical or anthropometric 

characteristics and dynamic biomarkers, Spearmans' rank correlation test was done 

(Table 3,4). Myokine FSTL1 serum level on each stage of exercise, such as right 

before the exercise(;pre-exercise), on the half time of exercise(;half-time exercise), 

right after the exercise(;post-exercise), on 30minutes, 1hour and 2hour recovery after 

exercise, was detected to discover the correlation with the anthropometric measures, 

cardiovascular components and biochemical parameters. Correlation analyses showed 

significant associations between half-time exercise FSTL1 with Bwt and DBP 

(r=-0.582, r= -0.55 and p= 0.023, p= 0.034, respectively) in all subjects (Table 3). 

Also there was a significant correlation between the post-exercise FSTL1 and Bwt, 

DBP (r= -0.524, r= -0.666 and p= 0.045, p= 0.007, respectively). FSTL1 at 30minute 

recovery time after exercise showed significant association with Bwt, body fat mass, 

visceral fat area and systolic, diastolic blood pressure (r= -0.718, r= -0.621, r=-0.711, 

r=-0.588, r= -0.683 and p=0.003, p=0.013, p=0.003, p=0.021, p=0.005, respectively). 

FSTL1 at 1hour recovery time after exercise showed significant association with Bwt 

and visceral fat area (r= -0.621, r= -0.514 and p=0.013, p=0.05, respectively). 

Furthermore, correlation anaylsis of FSTL1 concentration AUC during exercise (:Ex 

AUC), after exercise (:Post AUC) and on the whole time (:Ex AUC+Post AUC) with 

anthropometric measures, cardiovascular components and biochemical parameters 

were conducted. Post AUC FSTL1 showed significant correlation with Bwt, sysolic 

blood pressure and diastolic blood pressure (r=-0.546, r= -0.611, r=-0.606 and 

p=0.035, p=0.015, p=0.017, respectively). And also total AUC FSTL1 showed 

significant correlation with Bwt, visceral fat area and diastolic blood pressure (r= 

-0.625, r=-0.575, r=-0.59 and p=0.013, p=0.025, p=0.021, respectively). 
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Table 3. Correlation between plasma FSTL1 concentrations at baseline and following 

aerobic exercise and measures of Anthropometry, Cardiovascular components, 

Biochemical parameters
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Table 4. Correlation between plasma FSTL1 concentration AUC during exercise, post 

exercise and total time and age, measures of Anthropometry, Cardiovascular 

components, Biochemical parameters

5. Independent effect of anthropometric parameters on FSTL1

Based on prior studies and our results, that plasma concentration of FSTL1 in obese 

person are lower than the lean person, we conducted multiple linear regression 

analysis to investigate the factor that independently affects the release of FSTL1. On 

the multiple linear regression analysis, anthropometric measures which are suspected 

to affect the plasma concentration of FSTL1 and which actually showed statistically 
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significant correlation with FSTL1 were set as independent variables. All of the 

anthropometric measures were not an independent predictor of plasma FSTL1 

concentration. Bwt showed statistical tendency as an independent predictor for 

half-time exercise plasma concentration of FSTL1 with p value 0.051 and beta 

coefficient= -6.406. 

Table 5. Independent effect of anthropometric parameters on FSTL1 

6. Independent effect of anthropometric parameters and FSTL1 on blood 

pressure 

In multiple linear regression analysis, with anthropometric measures and FSTL1 

concentration as independent variables and blood pressure (; both systolic and 
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diastolic) as dependent variable, baseline and half-time exercise cocentration FSTL1 

were independent predictor of diasolic blood pressure (B= -0.554, B= -0.737 and 

p=0.034, p=0.048). FSTL1 on 2hour recovery time after exercise was an independent 

predictor of diastolic blood pressure (B= -0.675, p= 0.014) along with waist and 

visceral fat area (B= -0.825, B= -5.232 and p= 0.049, p= 0.033, respectively). Plasma 

concetration AUC of FSTL1 on recovery time after exercise (;Post AUC FSTL1) and 

whole time during exercise (;Total AUC FSTL1= Ex AUC + Post AUC FSTL1) did 

not independently predict the blood pressure. However they both showed statistical 

tendency for independent predictor (B= -0.633, B=-0.666 and p= 0.064, p= 0.062, 

respectively) (Table 6). 

Table 6. Independent effect of anthropometric parameters and FSTL1 on blood 

pressure
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7. Independent effect of lipid profile and FSTL1 on blood pressure 

In multiple linear regression analysis, with lipd profile and FSTL1 concentration as 

independent variables and blood pressure (; both systolic and diastolic) as dependent 

variable, FSTL1 on half-time exercise and immediately after the termination of 

exercise independently predicted the diastolic blood pressure (B= -0.601, B=-0.667 

and p=0.023, p=0.019, respectively). Also FSTL1 on 30 minute recovery time after 

exercise was as independent predictor of diastolic blood pressure (B= -0.751, p= 
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0.031). Plasma concentration AUC of FSTL1 on recovery time after the exercise 

(Post AUC FSTL1) and on entire time during and after exercise (Total AUC FSTL1= 

Ex AUC + Post AUC FSTL1) both were discovered as independent predictor of 

diasolic blood pressure (B=-0.615, B=-0.615 and p= 0.044, p=0.039, rescpectively) 

(Table 7). 

Table 7. Independent effect of lipid profile and FSTL1 on blood pressure 
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IV. DISCUSSION

The aim of this study was to find out the factors that could affect the release of 

FSTL1 during exercise and finally elucidate the cardio-protective effect of aerobic 

exercise through the aspect of myokine FSTL1 while exercising in two groups: grade 

1 obese and normal-weight individuals. Currently, there are other studies 4,6,7,13 that 

describe FSTL1 as an adipomyokine functionally implicated in a range of process 

including apoptosis, inflammation, or adipogenesis and say that FSTL1 plays a 

significant role in the obesity development. Another recent study by Martin Horak et 

al 20, reported that super obesity are potentially associated with a decline in FSTL1 

levels due to the continuous loss of adipogenesis and increased number of maturated 

adipocytes, increased cell senescence, enhanced demand for lowering FSTL1 

antiapoptotic activity. Also, previous studies have reported cardio-protective and 

angiogenic effects of FSTL1. FSTL1 molecule was upregulated in heart injuries 

including myocardia l infarction, pressured overload-induced hypertrophy and 

ischemia/reperfusion injury 15-19.

In line from these previous study and our study, we suspected that obese persons with 

larger body fat mass, body fat percent or visceral fat area may have lower and slower 

increase in FSTL1 during exercise. Our results showed FSTL1 gradually increasing 

during exercise and gradually decreasing after the termination of exercise. And as 

expected, obese group participants’ median and mean level of plasma FSTL1 

concentrations on each point through exercise were lower than the lean group, but 

without statistical significance. We can presume the lack of statistical significance to a 

small number of participants. 

Based on prior studies and our results, that plasma concentration of FSTL1 in obese 

person are lower than the lean person 20-23, we first conducted nonparametric 

correlation analysis to see the associations between FSTL1 and anthropometric, 

cardiovascular and biochemical measures. Our nonparametric correlation analysis 
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showed significant correlations among body weight, body fat mass, visceral fat area 

and systolic, diastolic blood pressure and FSTL1. However those anthrometric 

measures were not an independent predictor of FSTL1. We think the lack of statistical 

significance of body weight, waist, BMI, body fat mass or visecral fat area as an 

independent predictor to FSTL1 comes from our unique study population consisting 

of lean and obese males, in which obese participants are metabolically healthy and 

both group subjects within the narrow range of age beween 20 and 29. However, 

multiple linear regression analysis showed FSTL1 as an independent predictor for 

diastolic blood pressure. This analysis was based on the fact that FSTL1 works as a 

cardio-protective protein and from our study results which showed statistically 

significant association between FSTL1 and blod pressure. We conducted multiple 

linear regression analysis to investigate whether FSTL1 acts as a meaningful 

independent predictor of blood pressure during exercise. And also, the result that only 

the diastolic but not the systolic blood pressure defined as an independent predictor of 

FSTL1 might come from the main limitation of smaller number of participants. 

From the results of our study and previous ones 20-24, slower increase and lower serum 

concentration of FSTL1 during and after exercise could be potentially related to 

cardio-metabolic health benefits of FSTL1 on exercise. Also it could be related to 

higher and relatively uncontrolled blood pressure during and on recovery of exercise. 

Collectively, we suspect that obese persons who have larger body weight, body fat 

mass and visceral fat area, may have slower increase and as a result lower amount of 

FSTL1 on exercise and from their cardio-protective effect, this could be related to 

higher and unstable blood pressure on exercise. 

This study has several limitations that must be noted, notably the small study size. 

There were only 15 subjects, lean group 7 and obese group 8 each, which might have 

caused the p-values. Secondly, the present study was conducted on subjects between 

20 and 29. The mean age of lean group was 23 years and obese group was 24 years. 
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Thirdly, even though obese group were BMI adjusted grade 1 obese group, the 

participants were metabolically healthy considering their age. This study would have 

observed more meaningful findings between FSTL1 and anthropometric measures 

including body weight, waist, BMI and body fat mas, body fat percent and visceral fat 

area also with blood pressure both systolic and diastolic if the number of study group 

were larger and the age or characteristics were broader with diverse age group (e.g., 

female, older and metabolically unhealthy people). Beyond these results, we do not 

know exactly why there are differences in increase amount of FSTL1 during exercise 

between the lean group and obese group. More thorough research is thus necessary to 

determine why and how the exercise regulates myokine such as FSTL1 and why there 

are apposite results in obese and lean group. However, further researches are needed 

to elucidate the mechanism on how FSTL1 effects systolic and diastolic blood 

pressure. Although there are previous studies that assessed the cardio-protective 

effects of FSTL1 15-19, the strength of this study is that, to our knowledge, this is the 

first study to assess the dynamic level of FSTL1 during exercise and after the exercise, 

and we were able to propose the relationship of FSTL1 during exercise with blood 

pressure and body weight. 

In conclusion, in this first dynamic study of FSTL1 during aerobic exercise on both 

male group (; lean and obese group), FSTL1 shows significant correlation with body 

weight, body fat mass, visceral fat area and blood pressure. And furthermore, the 

FSTL1 concentration AUC after the exercise on recovery state and also the entire 

exercise time(; during exercise + recovery time FSTL1) were an independent 

predictor of diastolic blood pressure. From these results, we introduce FSTL1, a novel 

myokine that is associated with cardio-protective effect. Up-to-date, exact association 

and physiological explanation are not yet conducted; therefore, more precise research 

is needed to better understand this novel myokine. 
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ABSTRACT (IN KOREAN)

운동 중 FSTL1 의 분비 

최아림 

연세대학교 대학원 의학과

(지도교수 안철우) 

심혈관계 건강과의 연관성을 인정받고 있는 호르몬인 FSTL1 의 운동 

중 분비에 영향을 미치는 요인을 유산소 운동을 통한 실험으로 확인

하고, 유산소운동이 심혈관계 건강증진에 기여함을 마이오카인인 

FSTL1 의 관점에서 해석하고자 함. 

지속적인 중강도의 유산소 운동 수행에 무리가 없는 건강한 만 

19-40세의 남성 중 BMI 18.5-22.9kg/m2의 lean group 7명과 BMI 

25-29.9kg/m2의 obese group 8명으로, 총 15명을 대상으로 모은 개

인에게 설정된 중강도 유산소 운동(300Kcal 소모)을 Tread mill 

test 로 시행함. 모든 대상자들은 운동시작 전 인체계측 및 8시간 

금식 유지한 상태에서 TC, Tg, HDL-C,LDL-C을 포함한 생화학적 특징

조사를 시행하였고, 운동 시작한 후, 운동중간, 운동직후, 운동완료 
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회복기 30분, 1시간, 2시간 지점에서 각각 공복혈당과 FSTL1 을 채

혈을 통해 측정함. 

운동 전구간에서 FSTL1 의 평균값은 obese group 에 비해 lean 

group 에서 높게 측정되었지만, 통계학적인 유의미성은 없었음. 1) 

상관성분석: 운동중간지점 FSTL1과 Bwt, DBP 은 통계적으로 유의미

한 상관성을 보임(r=-0.582,r=-0.55/p=0.023,p=0.034). 운동직후의 

FSTL1 과 Bwt, DBP도 유의미한 상관성을 보임(r=-0.524,r=-0.666/ 

p=0.045,p=0.007). 회복기 30분의 FSTL1 과 Bwt, body fat mass, 

visceral fat area, SBP, DBP는 유의미한 상관성을 보임

(r=-0.718,r=-0.621,r=-0.711,r=-0.588,r=-0.683/ p= 

0.003,p=0.013,p=0.003,p=0.021,p=0.005). 회복기1시간의 FSTL1과 

Bwt, visceral fat are 는 유의미한 상관성을 보임

(r=-0.621,r=-0.514/p=0.013,p=0.05). 운동회복기의 Post AUC FSTL1 

은 Bwt,SBP,DBP 와 유의미한 상관성을 보

임.(r=-0.546,r=-0.611,r=-0.606/ p=0.035,p=0.015,p=0.017). Total 

AUC FSTL1 은 Bwt,visceral fat area, DBP 와 유의미한 상관성을 보

임 (r= -0.625,r=-0.575,r=-0.59/ p=0.013, p=0.025,p=0.021). 2) 

다중회귀분석: Anthropometric measure 와 FSTL1을 독립변수로 한 

분석에서는, 운동전,운동중간지점,회복기2시간FSTL1,은 독립적으로 

DBP 에 영향을 줌(p=0.034, p=0.048, p=0.014/ 

B=-0.554,B=-0.737,B=-0.675). Lipid profile 과 FSTL1을 독립변수

로 한 분석에서는,운동중간지점,운동직후,회복기30분FSTL1이 DBP에 



43

독립적 영향을 줌(p=0.023,p=0.049,p=0.031/ 

B=-0.601,B=-0.667,B=-0.751). 회복기와 운동전구간 FSTL1 AUC 는 

각각 DBP에 독립적으로 영향을 줌(p=0.044,p=0.039/ 

B=-0.615,B=-0.615).

Anthropometric measures 와 blood pressure 그리고 FSTL1 은 서로 

유의미한 상관성을 보임. Anthropometric measures의 FSTL1 에 대한 

독립적 영향력은 확인하지 못함. 운동중과 후의 FSTL1 은 DBP에 독

립적 영향을 주는 요인으로 해석되며, 이는 유산소운동의 심혈관계 

건강 증진에의 효과를 해석하는데 마이오키인은 FSTL1 을 통해 해석

을 할 수 있을 것으로 기대됨.

핵심단어: FSTL1, 마이오카인, 유산소운동, 비만, 혈압, 심혈관계


