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Abstract

Aim: Exercise training leads to the improvement of endothelial function; however, the effect
of resistance training versus aerobic exercise on endothelial function is unknown. Therefore, the
purpose of this meta-analysis was to investigate the effect of resistance training versus aerobic
training on endothelial function in adults.

Method: A search was performed in the electronic databases of PubMed, Scopus, Web of
Science and Google Scholar until January 13, 2023 for studies of resistance training versus
aerobic training on the FMD (flow-mediated dilation) index. The keywords used included
"resistance training", "aerobic training” and "endothelial function". Weighted mean difference
(WMD) and 95% confidence interval were calculated using CMA2 software in order to
determine the effect size.

Results: A total of 12 studies with 473 participants were included to meta-analysis with age and
BMI range 21 to 71 years and 24 to 32 kg/m2, respectively. The results of the present meta-
analysis showed that both types of resistance and aerobic training lead to an improvement in
FMD and there was no significant difference between the two types of training [-0.37 (Cl: -1.17
to 0.43), p=0.549]. However, there was a high and significant heterogeneity (12=61.65,
p=0.001).

Conclusion: The results of the present study showed that both resistance and aerobic training
protocols lead to improvement of endothelial function in adults, which may lead to improvement
of cardiovascular function and, subsequently, reduction of cardiovascular diseases induced
mortality.
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Extended abstract
Background

Endothelial function is an important clinical indicator that endothelial dysfunction is known as the most important factor
in the development of chronic cardiovascular diseases. FMD is the gold standard technique to assess vascular function
and is widely used to measure endothelial health, and is an independent predictor of cardiovascular disease. Regardless
of exercise type, intensity and duration, exercise training improves the risk factors of cardiovascular diseases such as
inflammation, visceral fat, insulin resistance and endothelial function in different people, which leads to the prevention
of cardiovascular diseases and the treatment of these diseases. On the other hand, regular exercise training play a
significant role in reducing mortality from cardiovascular diseases (12-14). The beneficial effects of exercise training may
be due to the improvement of endothelial function. Despite the beneficial effects of both types of aerobic and resistance
training on improving endothelial function, there is no meta-analytical study in the field of direct comparison of resistance
and aerobic exercise to determine which of resistance and aerobic exercises has a greater effect on endothelial function.
Therefore, the aim of the present study is to investigate the effect of various types of resistance training against aerobic
training in adult subjects.

Materials and Methods
The present study was carried out based on the Cochrane guidelines and the Preferred Items in the Reporting of Systematic
Reviews and Meta-Analysis (PRISMA) articles.

Data sources and search method. A search was conducted from PubMed, Scopus and Web of Science electronic
databases to extract original published articles using keywords from the inception to January 13, 2023.

Selection criteria. The criteria for including the research included the following: a) publication in English-language
journals, b) conducting human research on subjects older than 18 years, ¢) comparing the effect of resistance training
against aerobic training, with an intervention duration of more than 2 weeks, d) measurement of FMD value.

Data Extracting. The required data and information were extracted from each of the articles. These data and information
included the following: a) characteristics of the research such as the type of study, randomness of groupings and sample
size, b) characteristics of subjects such as data related to gender, health conditions, age and BMI, c) characteristics of the
training protocols such as the type of training, training duration, number of sessions, intensity and duration of each training
session, and d) FMD values.

Statistical analysis. The present meta-analysis was conducted to investigate the effect of resistance training against
aerobic training on FMD. According to the reported FMD value, the effect size (WMD) and 95% confidence intervals
(Cls) were calculated using the random effect model. The interpretation of the effect size was done based on the Cochrane
formula as follows: zero to 0.19, 0.2 t0 0.49, 0.5 t0 0.79, and 0.8 and greater than 0.8 respectively indicate the mild, small,
medium and large effect size. The 12 test was used to examine heterogeneity, which was interpreted based on the Cochrane
guidelines. Publication bias was carried out using visual analysis of funnel plot (with or without adding studies to the left
and right side of the curve) and Egger's test as a secondary determinant of publication bias. All the tests were done using
CMAZ2 software

Results

Search. From the search conducted in electronic databases, 852 articles were obtained from PubMed, 592 articles from
Soups and 886 articles from Web of Science. After reviewing the articles based on the title, keywords and abstract, 45
articles were selected for full text study. Finally, after reviewing the full text of the articles, 12 articles were included in
the meta-analysis process and 33 other articles were excluded.

Main meta-analysis. A total of 12 studies were included in the present meta-analysis. The results showed that there is
no significant difference between resistance and aerobic training in increasing FMD in adults [WMD:-0.37 (CI: -1.17 to
0.43), p=0.549]. There was a high and significant heterogeneity (1>=61.65, p=0.001). Examination of publication bias
using visual funnel plot analysis indicated publication bias, which added 4 studies to the right side of the plot. But, the
results of Egger's test (p=0.74) did not confirm it.

Discussion

Endothelial dysfunction is related to the development of cardiovascular diseases, and FMD is known as the main indicator
of endothelial function. Endothelial dysfunction leads to an increase in the risk of cardiovascular diseases in people with
a history of vascular diseases and healthy people - both (27, 42). On the other hand, according to the researches, the
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increase in FMD can have positive effects on vascular endothelial parameters (43). Previous studies have shown that a
1% increase in FMD leads to a 13% decrease in events related to cardiovascular diseases (44). Regular exercise training
in different people has led to the positive adaptations of endothelial fucntion, which greatly reduces the incidence of
cardiovascular diseases (45). The findings of the present study also showed that both resistance and aerobic training lead
to the improvement of endothelial function, which is consistent with the results of previous meta-analyses.

Article message

In general, the findings of the present study show that both aerobic and resistance training protocols lead to improvement
of endothelial function in adults. These beneficial effects of exercise on endothelial function may lead to improved
cardiovascular system function and reduced mortality from cardiovascular-related diseases in adults. The results of the
present study prescribe the use of both types of aerobic and resistance training to improve endothelial function in adults.
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WY o AYACIYEAY) Vo VY L3550 (59958 pd (oiwydiS (63,8 lalllas o), Kan 4 L4l5
Meodel Study name Statistics for each study Difference in means and 95% Cl
Difference Standard Lower Upper
in means error Variance limit limit  Z-Value p-Value
Almenning et al, 2015 -1.600 0.948 0899 -3458 0258 -1.688 0.091
Becket al, 2013 -1.580 1.570 2464 4667 1487 -1.013 0.311 —
Boeno et al, 2020 -0.320 1.093 1196 -2.463 1823 -0.283 0.770
Boidin et al, 2021 -0.200 1.034 1068 2226 1826 0194 0847
Casey et al, 2007 -0.500 1.479 2187 -3399 2399 -0338 0.735
Kwon et al, 2011 -1.400 0.897 0805 -3159 035 1580  0.119
Lekavich et al, 2021 1,680 1.075 1166 -0.417 3797 1572 0116
McDermott et al, 2009 -0.450 0.831 0690 -2078 1178 -0.542 0.588
O'Brien et al, 2020 -1.600 0.590 0348 2756 -0.444 -2.712 0.007 -
Spence et al, 2012 -2.000 1124 1263 4202 0202 -1.780 0.075 1
Stensvold et al, 2010 1.340 0.423 0.178 0511 2169 3.168 0.002 -
Vona et al, 2009 0890 0.469 0220 -0229 1609 1.472 0141
Random -0.37 0411 0169 1177 0436 -0.901 0.368
-8.00 -4.00 0.00 4.00 8.00
Favours Aerobic training Favours Resistance training

FMD 5 (sjlsn ply jo (oo o yed (Forest Plot) cublil jloge5 .Y lages

Model Study name _Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance  limit limit  Z-Value p-Value
Almenning et al, 2015 0.400 0.738 0545 -1.047 1.847 0.542 0.588 ——
Becket al, 2013 2130 0.954 0910 0260  4.000 2233 0.026 ——
Boeno et al, 2020 1.370 0.729 0531 -0058 2798 1.880 0.060 ——
Boidin et al, 2021 0.800 0.754 0569 -0878 2278 1.061 0.289 —|—
Casey et al, 2007 0.800 0.998 0997 1187 2757 0.801 0.423 -
Kwon et al, 2011 0.700 0.769 0.591 -0.807 2207 0911 0.362 ——
Lekavich et al, 2021 1.770 0.706 0.499 0.386  3.154 2.508 0.012 ——
McDermott et al, 2009 -0.010 0.679 0481 -1.341 1321 -0.015 0.988
O'Brien et al, 2020 0.300 0.374 0.140 -0.433 1.033 0.802 0.423
Spence et al, 2012 -0.100 0.839 0705 -1.745 1545 -0.119 0.905
Stensvold et al, 2010 2.990 0.364 0.133 2276 3704 8.207 0.000 -
Vona et al, 2009 6.090 0.309 0.096 5484 6696 19.701 0.000 E 3
Random 1.469 0.745 0.554 0.010 2929 1.973 0.048 oot
-8.00 -4.00 0.00 4.00 8.00
Favours Pre Favours Post
FMD 5  geslie 'y ped pSU (Forest Plot) cuslil jlages ¥)lo505
Model Study name Statistics for each stud Difference in means and 95% CI
Difference  Standard Lower Upper
in means error  Wariance limit  limit Z-Walue p-Value
Almenning =t sl, 2015 2.000 0.585 0354  0.834 0.001 —— |
31720 1.278 1838 1.213 0.004
1.680 0.815 5 0.082 0,028 ——
1.000 0.707 S 0385 0.157 ~+
1.300 1.078 1157 0.808 0.227 —1 .
2100 0.491 1138 0.000 |-
0.080 0.738 -1.485 0.920 —t
McDermott 008 0.440 0.474 0488 0.352
O'Brien &t & .00 0.455 .55 0.000 -
800 0.594 0.004 ——
2010 850 1.225 0.000 [ ]
5.400 4.70T 0.000 E =
524 0.978 0.000 B
8.00 -4.00 0.00 4.00 2.00
Favours Pre Fawours Post
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