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Abstract 
 
Background: BMP has critical role in development, growth, and differentiation of 
cell. There is enough evidence regarding the role of BMPs in lipid accumulation and 
homeostasis The current study aimed to evaluate the simultaneous effect of eight 
weeks of metabolic resistance training (MRT) and Chlorogenic Acid (CGA) 
supplementation on expression level of BMP2, BMP4, BMP6, and BMP7 in 
overweight women. 

Materials and Methods: We carried-out a randomized clinical trial performed on 
40 overweight women in Iran 2020. We randomly assigned the study participants 
into four groups including combined 8-week course of metabolic resistance 
training (MRT) training and 400 mg chlorogenic acid (CGA) supplementation, 8-
week course of MRT, CGA supplement, and the control group. Intervention included 
three MRT training sessions per week and the duration of each session was 45 
minutes. The training exercise intervention was 10 minutes of warm-up, 30 
minutes of metabolic resistance training, and 5 minutes of cool-down.  The 
supplementation arms were also received 400 mg / day CGA extracted from green 
coffee beans. Expression level of BMP2,4,6, and 7 was the main interested outcome 
that assessed pre and post intervention.  

Results: We observed significant decrease in BMP2 level in combined intervention 
group in compared with the control group (Regression coefficient= -2.7, 95% CI=-
5.0, -0.4). Moreover, we observed that combined intervention has decreased BMP4 
level and the observed difference was statistically significant (Regression 
coefficient= -6.2, -1.7, -10.6). No significant effect for MRT and CGA group was 
reported regarding BMP2, and BMP4. Neither combined nor separate form of CGA 
and MRT had no significant effect on BMP6 and BMP7 (P-value>0.05).   

Conclusion: Simultaneous MRT exercises and CGA supplementation prohibited 
expression levels of BMP2, and BMP4. However, they had no significant effect 
separately. There was no association between the interventions and expression 
level of BMP6, and BMP7.  
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The current study was an open-label 

randomized clinical trial that was performed on 

40 overweight women. The study participants 

were taken using a convenient sampling 

scheme among women with a body mass index 

between 25 and 28 who participated in a 

fitness gym in Tehran-Iran. Having physical 

activity in the past six months, Not using 

dietary supplements, or medications, having 

underlying diseases related to the investigated 

variables, and not having any pulmonary 

diseases were the other inclusion criteria. 

Women with no willingness to participate were 

excluded from the study. This study was 

reviewed and approved by XXX ethics 

committee and all study participants completed 

a written informed consent prior to the study. 

The study participants were allowed to leave 

the study at any phase.  

 

Obesity is a global health problem with an 

increasing trend over the past decade across 

the world (1). It increases risk of many chronic 

diseases and also is associated with higher risk 

of all-cause mortality (2). Lack of physical 

activity, sedentary lifestyle, and high calories 

fast-food and diet are possibly the main risk 

factors of obesity (3).  

Exposure to exercise and dietary factors could 

regulate neurogenesis in adults that involves in 

different phases of cell cycle including cell 

proliferation, differentiation, survival and 

integration into functional circuits(4, 5). 

Bone/body morphogenic proteins (BMPs) are 

type of growth factors that are affected by such 

exposures. Although inducing bone and 

cartilage formation are the original ability of 

the BMPs, there are enough evidence regarding 

the role of BMPs in lipid accumulation and 

homeostasis (6, 7). BMP family has at least 20 

members with different roles in development, 

growth, and differentiation. For instance, 

BMP8 is known as a driver of thermogenic 

response in brown adipose tissues and BMP7 

could lead fat browning through regulation of 

insulin signaling (8, 9). On the other hand, 

BMP2 and BMP4 have already been shown as 

regulator of insulin sensitivity (10, 11). 

According to previous studies BMPs could 

regulate insulin resistance and they are 

correlated with metabolic syndrome, as well 

(10, 12, 13).        

As it already mentioned exposure to exercise 

and some specific dietary supplement could 

regulate level of BMPs. Previous studies 

reported that exercise training has various 

effects on different member of BMP family. It 

could induce expression of BMP7 (14), while it 

had inhibitory effects on BMP2 and BMP4 (10). 

Despite from lack of evidence, the results of 

previous studies regarding the effect of exercise 

on BMPs are controversial. Moreover, dietary 

supplement like chlorogenic acid (CGA) was 

almost ignored and simultaneous effects of 

these two factors have never been investigated. 

In the current study, we aimed to investigate 

the effect of 8-weeks metabolic resistance 

training (MRT) and CGA supplement on level of 

different BMPs including BMP2, BMP4, BMP6, 

and BMP7. We also determined the effect of 

simultaneous MRT and CGA on level of the 

investigated BMPs.            

 

1. Introduction 

2. Materials and Methods 
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We investigated the effect of CGA supplement, 

MRT exercise, and simultaneous supplement and 

exercise versus a control group and the study 

participants were randomly assigned to one of 

these groups using a stratified balanced block 

randomization approach. The training exercise 

intervention was 10 minutes of warm-up, 30 

minutes of metabolic resistance training, and 5 

minutes of cool-down. The intensity of the 

exercise was 60-70 percent of the maximum 

heart rate of the participants (15). The overall 

duration of each training session was 45 minutes 

and it was repeated three times a week. We also 

used Chlorogenic Acid (CGA) extracted from 

green coffee as the dietary supplement. Each 

participant in the supplement group received 

400 mg of the green coffee extract on daily basis 

(16). More detail about sampling, randomization, 

and interventions are described elsewhere.   

We collected data on Demographic and biometric 

data including age, weight, height, BMI, medical 

history, and volume of physical activity for each 

participant. Moreover, data on lipid profiles were 

also collected as baseline characteristics. Lipid 

profile was determined using a blood sample 

taken at baseline and repeated after an 8-weeks 

study period. All study participants were fasting 

over the last 12 hours before sampling and 

sampling was done from their right-hand vein at 

8 AM. BMPs expression levels including BMP2, 

BMP4, BMP6, and BMP7 were the main 

investigated outcomes that were assessed using 

DNA extraction. Real-time RT-PCR was used to 

determine the expression level of BMPs. All 

procedures were repeated at the end of the study 

after an 8-weeks intervention. 

 

Statistical analysis 

We checked the normality assumption and 

provided the mean and standard deviation (SD) 

if this assumption was met. Otherwise, we 

presented the continuous variables as the 

median and interquartile range (IQR). For 

dichotomous variables frequency proportion was 

reported. The baseline characteristics were 

compared over the four investigated groups to 

assure that randomization generated comparable 

groups. We used one-way ANOVA or its non-

parametric equivalence for continuous variables 

and the between-group difference of 

dichotomous variables was compared using the 

Chi-square test. Pre and post-study within-group 

variability was investigated using the U-Mann 

Whitney test. We also used multiple linear 

regression to investigate the effect of each 

intervention on the expression level of BMPs 

after adjustment for potential confounders. Age, 

BMI, baseline BMP, HDL, LDL, and TG were 

entered into the model and then we sued 

backward approach to generate the best fitted 

model. We created separate regression model for 

each investigated BMP. All statistical analysis 

was performed using Stata software (Ver 17.0, 

College Station, Texas, USA). P-values <0.05 were 

considered significant.     
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We enrolled 40 overweight women into the 

four groups including control, CGA supplement, 

MRT training, and CGA/MRT combined group. 

Table 1 compared the baseline characteristics 

including age, weight, BMI, HDL, and LDL. And 

TG among the compared groups and found no 

statistically significant difference (P-

value>0.05) (Table 1).  

The average BMP2 expression level at baseline 

was 26.1 (5.8) in the control group. It was 25.4 

(5.1) in the CGA group, 23.9 (5.4) in the MRT 

group, and 24.9 (3.4) and the combined 

MRT/CGA group. After 8 weeks, the BMP2 

expression level in the control group, CGA, 

MRT, and combined groups reached 25.7 (6.3), 

25.5 (4.7), 22.4 (6.5), and 21.9 (4.9), 

respectively (Figure 1). The median of the 

effect size in the combined CGA/MRT group 

was 2.9 which was statistically significant (P-

value= 0.013). No statistical pre and the post-

intervention difference was observed in other 

groups (P-value>0.05) (Table 2). 

The average expression level of BMP4 was 22.7 

(4.4) at baseline and 25.1 (7.1) after an 8-

weeks study period. The average level of BMP4 

in the CGA supplement group was 23.4 (4.6) 

and 23.8 (5.2) at baseline and after the 8-week 

intervention. We observed 3.1 units decrease in 

the BMP4 expression level in the exercise 

group where the average BMP4 was 23.9 (4.6) 

at baseline and 20.8 (9.1) at the end of the 

study. However, the observed difference was 

not statistically significant (P-value=0.072). 

Moreover, the average level of BMP4 was 24.6 

(7.3) at baseline and decreased to 17.5 (15.5) 

after 8 weeks of CGA/MRT intervention. This 

decrease in the BMP4 level was statistically 

significant (P-value=0.021) (Table 2) (Figure 

1). 

We also compared the expression level of 

BMP6 and BMP7 before and after the study 

period and observed no statistically significant 

group within the all investigated groups (Table 

2).  

The effect size of each intervention was 

compared versus the control group adjusted 

for all possible confounders. According to table 

1, the combined CGA/MRT has led to a 2.7 

decrease in the BMP2 expression level and it 

was statistically significant in comparison to 

the control group (0.021). The post-test 

average expression level of BMP4 in the 

combined intervention arm was also 6.2 units 

(95% CI= 1.7, 10.6) lower than the control 

group and the observed difference was 

statistically significant (P-value=0.008). We 

also spotted a non-significant decrease in the 

expression level of BMP2 and BMP4 in the 

exercise group compared with the control 

group (P-value>0.05) (Table 3). We found no 

statistically significant association between the 

expression level of BMP6 and the applied 

interventions including CGA, MRT, and 

combined CGA/MRT. Such a pattern was 

observed regarding BMP7 expression level in 

the multiple linear regression model, as well 

(Table 3).   

 

3. Results 



Research article                        Journal of Sports Physiology and Athletic Conditioning. 2023;3 (8): 44-54 

48 
 

 

 

Characteristics  Control Supplement Exercise Exercise/Supp P-value 

Age, year 39.6 (4.7) 40.6 (7.0) 41.1 (4.9) 40.4 (5.9) 0.948 

Weight, Kg 67.1 (5.2) 69.8 (3.3) 69.2 (5.1) 68.3 (3.5) 0.632 

BMI, Kg/m2 26.5 (1.4) 26.6 (1.3) 26.9 (1.2) 26.1 (1.2) 0.555 

HDL, mg/dL 65.3 (6.8) 64.1 (5.4) 64.3 (8.1) 63.9 (9.3) 0.977 

LDL, mg/dL 99.9 (19.9) 104.0 (20.3) 100.4 (25.6) 103.5 (22.5) 0.990 

TG, md/dL 108.7 (35.8) 104.3 (22.9) 108.9 (15.9) 113.1 (36.1) 0.170 

             All variables presented as mean and standard deviation. 

 

 

 

 BMP2 BMP4 BMP6 BMP7 

Group Post-Pre P-value Post-Pre P-value Post-Pre P-value Post-Pre P-value 

Control -0.2 (3.1) 0.714 0.5 (10.9) 0.556 3.6 (17.7) 0.375 -1.3 (12.4) 0.769 

Supplement 0.04 (2.1) 0.752 0.4 (8.0) 1.00 -3.6 (16.9) 0.161 -3.5 (8.7) 0.130 

Exercise -2.0 (0.7) 0.075 -3.1 (6.8) 0.130 1.8 (16.9) 0.878 -6.1 (9.6) 0.322 

Ex/Supp -2.9 (3.6) 0.013 -7.1 (7.5) 0.019 0.8 (6.1) 0.798 0.02 (20.2) 0.734 

                     The effect sizes are provided be median and interquartile ranges.  

 

 

 

 BMP2 BMP4 BMP6 BMP7 

Group Reg (95% CI) P-value Reg (95% CI) P-value Reg (95% CI) P-value Reg (95% CI) P-value 

Control Reference  Reference  Reference  Reference  

Supplement 0.4 (-1.8, 2.6) 0.716 -2.5 (-8.7, 3.5) 0.557 -5.6 (-13.2, 1.8) 0.135 -0.01 (-7.7, 7.7) 0.996 

Exercise -1.2 (-3.4, 0.1) 0.261 -2.3 (-6.3, 2.2) 0.442 -2.4 (-9.8, 4.8) 0.495 -3.8 (-11.5, 3.9) 0.323 

Supp/Exercise -2.7 (-5.0, -0.4) 0.021 -6.2 (-1.7, -10.6) 0.008 -3.1 (-10.6, 4.3) 0.402 -3.9 (-12.1, 4.3) 0.339 

      Model is adjusted for age, baseline BMI, and baseline BMP level. CI= Confidence Interval   

 

 

 

 

 

 

 

 

Table 1 : Study participants baseline characteristics by type of intervention 

 

Table 2 : Pre and post-intervention expression of BMP2, BMP4, BMP6, and BMP7 by each arms of the study  

 

Table 3 : Multiple linear regression to investigate the effect of each intervention on expression level of 

UCP1 adjusted for possible confounders 
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Figure 1: Average expression level of BMP2, BMP4, BMP6, and BMP7 before and after 8-weeks study period by type of 

intervention 
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4. Discussion 

We performed the current study to investigate 

the effect of CGA supplementation and MRT 

exercises on the expression level of the BMP 

family including BMP2, BMP4, BMP6, and 

BMP7. We also aimed to assess the effect of 8-

week simultaneous CGA supplementation and 

MRT exercises on the BMPs expression levels. 

According to our data, we found simultaneous 

CGA supplementation and MRT exercises could 

significantly inhibit the expression of BMP2 

and BMP4. The such decreasing pattern was 

also observed for the MRT group. However, the 

observed association was not statistically 

significant indicating that the CGA supplement 

might work as a booster. Moreover, we found 

no significant effect for CGA and MRT 

intervention either solely or in the combined 

form regarding the expression level of BMP6 

and BMP7.  

We found that the combined CGA and MRT 

intervention could inhibit BMP2 and BMP4 

expression levels. According to our findings 

average expression level of BMP2 and BMP4 in 

the CGA/MRT group was 2.9 and 7.8 units 

lower than the control group. However, such 

effects were not observed in the exercise and 

supplement group when they were given to the 

participants separately. There is limited 

evidence regarding the effect of exercise and 

CGA supplements on the BMP family. However, 

according to previous studies, BMP has a 

critical role in the regulation of hemostasis 

(17). BMP2 and BMP4 as the closest relatives 

have already been shown as factors promoting 

white adipogenesis through the induction of 

peroxisome proliferator-activated receptor 

(PPAR) (18, 19). According to the Leipzig 

Cohort, there was a positive correlation 

between BMP2 and BMI and diabetic status, 

especially in visceral adipose tissues(20). 

Such findings were consistent with ours since 

we showed reducing BMP2 has led to weight 

and BMI reduction. Sadeghi et al, reported that 

different intensities of resistant training had no 

effect on the expression level of BMP4 (10). 

They also observed a downward non-

significant trend between the intensity of 

resistance training and the post-intervention 

level of BMP4 (10). Their findings were in favor 

of the current study as we found no association 

between resistant training and BMP4. The data 

regarding the effects of CGA supplements on 

BMP2 and BMP4 was limited. In one study by 

Fujita et al. CGA had no effect on the expression 

of BMP4 that was similar to our findings (21). 

However, as we added the CGA supplement our 

data in CGA/MRT group was unique and we 

found a significant reduction in BMP4 level in 

this group. In another study by Majerczak et al 

no association between BMP4 level in the heart 

muscle of mics and exercise was observed that 

confirmed our findings (22). They also 

illustrated that exercise training could 

significantly reduce the level of BMP4 in the 

tibia indicating that the effect of exercise on 

BMP4 level might depend on the type of 

tissue(22). It has been argued that BMP4 

tended to be accumulated in obese and 

overweight people since it could inhibit insulin 

secretion from beta cells (10). There are also 

evidences regarding the association between 

BMP4 level and Insulin resistance (23). 

Activation of IRS-1 inhibitors and insulin 

signaling was the proposed contribution of 

BMP4 in the upregulation of insulin resistance 

(17). Increasing the BMP4 level could reduce 

lipolysis and consequently increase the 

weighting of adipose tissues through Smad 

signaling pathway (17).  
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We also investigated the effect of resistance 

training and CGA supplement on the expression 

level of BMP7 and BMP6 and observed no 

statistically significant association in this 

regard. Rodrigues et al. against our findings 

have shown that training exercises could 

upregulate the level of BMP7(14). They also 

showed BMP7 was inversely correlated with 

body weight2(14). It seems that BMP7 leads to 

full activation of brown adipogenesis and 

affects processes such as the induction of 

primary regulators of brown fat such as 

PRDM16 and PGC-1. Also, the BMP7 protein 

increases the number of specific markers of 

brown fat (UCP1), adipogenic transcription 

factor PPARy, CCAAT binding proteins, and 

induction of p38 mitogen-activated 

mitochondrial kinase biogenesis and PGC-1α-

dependent pathways (14). However, the 

studies conducted on the effect of exercise 

training on the expression level of BMPs were 

limited and there are serious differences in the 

method of conducting these studies. Also, the 

conducted studies were mostly performed on 

animals and the generalization of their findings 

to humans has serious limitations. These 

reasons can be considered the main reasons for 

the differences observed in the findings of the 

present study with previous studies. 

The current study is one of the first attempts to 

investigate the simultaneous effect of MRT 

training and CGA supplementation on BMPs 

expression. In this sense, the findings of this 

research were unique as we had a 

comprehensive approach regarding BMPs and 

investigated the expression level of BMP2. 

BMP4, BMP6, and BMP7. Conducting the study 

on a human sample with no lost-to follow-up 

cases in all intervention and control groups 

was the main strength of the current study. 

However, the interpretation of our findings 

must be done in light of our limitations. 

 

The impossibility of blinding was the main 

limitation of the current study, which could 

bias the findings of the present study. However, 

in this study, we tried to avoid contact between 

the intervention and control groups, and the 

people of these groups participated in their 

exercise programs separately. Moreover, the 

small sample size was the other limitation that 

reduced our power.  

Conclusion  

 
Simultaneous MRT exercises and CGA 

supplementation prohibited expression levels 

of BMP2, and BMP4. However, they had no 

significant effect separately. We also found no 

association between MRT exercise/CGA 

supplement with BMP6 and BMP7 either in 

combined or separate form. More human 

studies are required.    
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