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The purpose of this study was to investigate the impact of combining aerobic
exercise (AE) and vegetarian diet (VD) on blood pressure and body weight in
adults with overweight and obesity. The PubMed, Web of Science, Scopus, and
Google scholar databases were searched until February 2023 for English
articles, and 1065 articles were found. Meta-analyses were performed to
compare the impact of aerobic exercise and vegetarian diet on body weight,
blood pressure in adults with overweight and obesity. Data analysis was
performed using random effect model and weighted mean differences (WMD).
The results of meta-analysis of 25 studies with 10192 adults showed that
combined aerobic exercise and vegetarian diet significantly decreased in body
weight [WMD=-4.63, p=0.001], systolic blood pressure [WMD=-6.94, p=0.001]
, and diastolic blood pressure [WMD=-4.5, p=0.001] , in adults with overweight
and obesity. Aerobic training alongside vegetarian diet as a non-medication
approach for weight loss and blood pressure control in adults with overweight
and/or obesity. In addition, aerobic exercise and vegetarian diet with both
types of duration (less than 12 weeks and more than 12 weeks) cause a
significant decrease in blood pressure in adults with overweight and obesity.
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Extended Abstract

The relationship between obesity and high blood pressure (hypertension) is well
established (1). High blood pressure is the main risk factor for heart disease,
myocardial infarction, heart failure, ischemic and hemorrhagic stroke, chronic
kidney disease, peripheral vascular disease and cognitive decline (2-4). Lifestyle
changes can change the condition of the body and prevent chronic diseases (5).
Healthy food pattern, physical activity, avoiding tobacco products, adequate
sleep and managing stress levels are important and key factors of a healthy
lifestyle, which are known as a basic strategy to reduce blood pressure (2, 6).
Vegetarian diet as a healthy food pattern reduces body mass index, improves
blood viscosity, and improves blood pressure by affecting the renin angiotensin
system and the sympathetic nervous system (3, 6). Also, exercise reduces blood
pressure by reducing the activity of norepinephrine, plasma renin, as well as
reducing renal and muscular sympathetic activity (7).

The combination of obesity, high blood pressure, and various other
cardiovascular risk factors plays a crucial role in significantly increasing the
likelihood of experiencing negative cardiovascular consequences, leading to
concerns in both developing and developed societies (1). Recent data
demonstrates a notable surge in the global prevalence of hypertension,
escalating from 594 million individuals in 1975 to a remarkable 1.3 billion people
in 2015 (8). It is crucial to emphasize that individuals with blood pressure levels
surpassing 115/70 mmHg are confronted with a twofold elevation in the risk of
encountering cardiovascular events for each increment of 20/10 mmHg in blood
pressure. Conversely, a reduction in both systolic and diastolic blood pressure
levels is associated with a decline in the susceptibility to cardiovascular diseases
(4).

Limited data is available regarding the combined effects of aerobic exercise and
vegetarian diet on the blood pressure of adults. The current body of research
presents conflicting findings on this subject. Therefore, a meta-analysis is
deemed necessary to underscore the importance of implementing both

interventions simultaneously. This study aims to explore the influence of these
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lifestyle modifications on the blood pressure levels of overweight or obese adults.
Limited data is available regarding the combined effects of engaging in aerobic
exercise and adhering to a vegetarian diet on the blood pressure of adults. The
current body of research presents conflicting findings on this subject. Therefore,
a meta-analysis is deemed necessary to underscore the importance of
implementing both interventions simultaneously. This study aims to explore the
influence of these lifestyle modifications on the blood pressure levels of
overweight or obese adults

Methods

To extract articles, search Scopus, Web of Science and PubMed databases until
February 2023, for English articles using the keywords "vegetarian diet", "plant-
based diet", "exercise", "aerobic exercise", "aerobic training”, "endurance
exercise", "endurance training", "blood pressure”, "systolic blood pressure" and
"diastolic blood pressure” limiting the publication year was done. Also, manual
search was done in Google scholar.

The inclusion criteria for articles include: 1- Studies published in English and
Farsi; 2-Studies conducted on adults; 3- Studies examining the combined effect
of aerobic exercise and vegetarian diet; 4- Studies measuring systolic blood
pressure, diastolic blood pressure and body weight; 5- Cohort studies and
randomized clinical trials. Exclusion criteria included animal articles,
dissertations, conference papers, and cross-sectional studies.

After a complete review of all articles, the data of systolic blood pressure, diastolic
blood pressure and body weight were extracted. Information about the first
author, year of publication, type of study (randomized clinical trial study and
cohort study) , country where the study was conducted, number of samples
(gender), test characteristics including: gender, age, body mass index, protocol
Training (intervention duration, number of sessions per week and training
intensity) and type of diet (vegetarian diet) were extracted. For some studies, data
extraction (mean and estimated standard deviation (SD)) was done from the
mean or median and interquartile range (9, 10).

Evaluation of the quality of the studies was done using Pedro's 7-question

checklist (11). All the questions of Pedro's checklist were answered with two
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options: Yes v or No x. The minimum score was 0 and the maximum was 7,
where the higher numerical value represented the higher quality of the study.
The present meta-analysis study was conducted to determine the combined
effect of aerobic exercise and vegetarian diet on blood pressure. In this study,
the mean, standard deviation (SD) for the pre-test and post-test of the
intervention group and the sample size were used for statistical analysis. Data
analysis was done using random effect model and weighted mean difference and
95% confidence interval were considered. I? test was used to determine the
heterogeneity of the studies (10). Also, publication bias was investigated using
visual interpretation of the funnel plot, and in case of bias, Egger's test was used
as a secondary determining test (12). Subgroup analysis based on the duration
of exercise intervention and body mass index of the subjects and statistical
analysis was done using CMA2 software.

Results

Based on the search in scientific databases until February 2023, 1065 articles
were found, and finally, 25 studies in English, including 36 interventions,
consisting of 10196 subjects, including healthy adults, obese, coronary heart
disease patients, diabetics and women. Menopause was included in the present
meta-analysis. No research in Persian had investigated the combined effect of
aerobic exercise and vegetarian diet on blood pressure in overweight and obese
adults.

The average age of the subjects ranged from 20 to 83 years and the average
range of BMI ranged from 25.41 to 33.3 kg/m2 and all the subjects did aerobic
exercise and used a vegetarian diet at the same time.

The minimum duration of each aerobic training session was 30 minutes and the
maximum was 60 minutes in each training session and the intensity of these
exercises was moderate. The diet consisted of a vegetarian diet that included 10-
20% of fat calories. Dietary interventions included consumption of whole grains,
legumes, fruits, vegetables and no consumption of red meat. The duration of

sports training and vegetarian diet interventions was from 6 days to 104 weeks.
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The data analysis of 27 interventions using the random effect model showed that
aerobic exercise and a vegetarian diet cause a significant reduction in body
weight [WMD=-4.63 kg, (Cl: -5.7 to -3.56), p=0.001] , in overweight and obese
adults. And analyzing the data of 36 interventions using the random effect model
showed that aerobic exercise and vegetarian diet significantly reduce systolic
blood pressure [WMD=-6.94 mmHg, (CI: -7.86 to -6.01), p=0.001] , and reduce
diastolic blood pressure [WMD=-4.5 mmHg, (Cl: -5.04 to -3.96), p=0.001] , in
overweight and obese adults. The results of the subgroup analysis based on the
duration of the intervention showed that in both long-term and short-term studies,
there was a significant reduction in body weight, systolic and diastolic blood
pressure as a result of the intervention, and the results of the subgroup analysis
based on BMI also showed It was given that both in obese and overweight
people, the intervention causes a significant reduction in body weight, systolic
and diastolic blood pressure.

The findings of this meta-analysis suggest that the combination of aerobic
exercise and a plant-based (vegetarian) diet can be recommended as a viable
non pharmacological approach for weight management and blood pressure
control in overweight and obese adults. Specifically, the results indicate: Both
long-term (over 12 weeks) and short-term (less than 12 weeks) interventions that
combined aerobic exercise and a plant-based diet led to significant reductions in
systolic blood pressure among overweight and obese participants. The beneficial
effects on systolic blood pressure were observed in both obese and overweight
individuals who engaged in the combined aerobic exercise and plant-based diet
interventions. These findings highlight the potential of this lifestyle approach as
an effective non-drug strategy for managing excess weight and maintaining
healthy blood pressure levels in adults struggling with overweight or obesity. The
positive impacts were seen regardless of the duration of the combined exercise
and dietary intervention, underscoring the versatility and applicability of this
approach. In summary, the meta-analysis provides strong evidence supporting
the integration of aerobic exercise and a plant-based diet as a promising non-
pharmacological solution for weight control and blood pressure management in

overweight and obese adult populations. The consistency of the beneficial effects
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across different intervention lengths and BMI categories further strengthens the
recommendation of this combined lifestyle approach.

Conclusion

The results of the present meta-analysis showed that the combination of aerobic
exercise with a vegetarian diet in adults with obesity and weight gain will reduce
systolic and diastolic blood pressure, and the results can show changes in
systolic and diastolic blood pressure compared to the combination of aerobic
exercise and vegetarian diet. which is much more noticeable than other
interventions such as aerobic exercise alone or the Mediterranean diet. Also,
according to the examination of the given weights of the combination of aerobic
exercise and vegetarian diet, it includes body weight loss, so it can be pointed
out, aerobic exercise combined with vegetarian diet may be a useful method for
the treatment and treatment of heart diseases. -- Metabolic related to obesity in
adults. Also, the BMI subgroup analysis showed that a combination of aerobic
exercise and a vegetarian diet reduces systolic and diastolic pressure more in
obese people than in overweight people, and during exercise, it is really a special
and very clear reason for choosing the separation solution. It does not have a
duration lower than or higher than 12 weeks. According to this meta-analysis, it
can be said that aerobic exercise and diet is a non-pharmacological method
combined with medicinal plants to reduce weight and systolic and diastolic blood
pressure in overweight and obese adults.
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Model

Random

Statistics for each study

Lower Upper

Variance  limit
12.288 -6.220
2.041 -7.700
2238 -6.022
2202 -5.268
14.083 -12.805
3.384 -9.315
0579 -7.201
6.484 -9.751
4711 -8.784
1291 -6.347
12.110 -10.410
3.267 -7.442
0.751 -5.998
3.107 -9.055
3.358 -8.901
9.676 -16.197
9.351 -16.753
7.110 -10.626
0.974 -6.634
13.015 -12.171
6.755 -10.894
5.437 -10.970
1432 -7.145
0.190 -1.553
35.352 -18.253
3490 -6.561
0.355 -7.368

error

3.505
1.429
1.496
1.484
3.753
1.840
0.761
2.546
2171
1.136
3.480
1.807
0.866
1.763
1.832
3.111
3.058
2.666
0.987
3.608
2.599
2.332
1.197
0.435
5.946
1.868
0.596

Study name
Difference Standard
in means

Ahrens et al. 2021 0.650
Bhardwaj et al. 2017 -4.900
Diehl et al. 1998 a -3.090
Diehl et al. 1998 b -2.360
Dod et al. 2010 -5.450
Frattaroli et al. 2008 a -5.710
Frattaroli et al. 2008 b -5.710
Frattaroli et al. 2008 ¢ -4.760
Frattaroli et al. 2008 d -4.530
Frattaroli et al. 2008 e -4.120
Frattaroli et al. 2008 f -3.590
Koeder et al. 2022 -3.900
Koertge et al. 2003 a -4.300
Koertge et al. 2003 b -5.600
Marshal et al. 2009 -5.310
Ornish et al. 1990 -10.100
Ormish et al. 1998 -10.760
Pischke et al. 2006 a -5.400
Pischke et al. 2006 b -4.700
Pischke et al. 2006 ¢ -5.100
Pischke et al. 2006 d -5.800
Pischke et al. 2007 a -6.400
Pischke et al. 2007 b -4.800
Slavicek et al. 2008 -0.700
Suazo et al. 2021 -6.600
Swiatkiewicz et al. 2021 -2.900
Tsaban et al. 2021 -6.200

-4.634

0.546

0.298 -5.704

limit
7.520
-2.100
-0.158
0.548
1.905
-2.105
-4.219
0.231
-0.276
-1.893
3.230
-0.358
-2.602
-2.145
-1.719
-4.003
-4.767
-0.174
-2.766
1.971
-0.706
-1.830
-2.455
0.153
5.053
0.761
-5.032
-3.563

Z-Value p-Value

0.185
-3.430
-2.065
-1.590
-1.452
-3.104
-7.504
-1.869
-2.087
-3.626
-1.032
-2.158
-4.963
-3.177
-2.898
-3.247
-3.519
-2.025
-4.762
-1.414
-2.232
-2.745
-4.012
-1.608
-1.110
-1.652

-10.403
-8.485

0.853
0.001
0.039
0.112
0.146
0.002
0.000
0.062
0.037
0.000
0.302
0.031
0.000
0.001
0.004
0.001
0.000
0.043
0.000
0.157
0.026
0.006
0.000
0.108
0.267
0.121
0.000
0.000

Difference in means and 95%Cl
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Model  Study name

Statistics for each study

Difference  Standard

Anrens etal. 2021
Bhardwaj et al. 2017
Chainani-Wu etal. 2011
Diehl etal. 1998 a
Diehl etal. 1998 b
Dod etal. 2010
Frattaroli etal. 2008 a
Frattaroli etal. 2008 b
Frattaroli etal. 2008 ¢
Frattaroli etal. 2008 d
Frattaroli etal. 2008
Frattaroli etal. 2008 f
Kentetal. 2013
Kentetal. 2018
Klimis etal. 2021
Koeder etal. 2022
Koertge etal. 2003 a
Koertge etal. 2003 b
Marshal etal. 2009
Morton etal. 2014
Ornishetal. 1990
Ornishetal. 1998
Omish etal. 2008
Pischke etal. 2006 a
Pischke etal. 2006 b
Pischke etal. 2006 ¢
Pischke etal. 2006 d
Pischke etal. 2007 a
Pischke etal. 2007 b
Slavicek etal. 2008
Suazo etal. 2021
Swiatkiewicz et al. 2021
Toobert etal. 2000
Tsaban etal. 2021
\oeghtlyetal. 2013
Yuetal. 2014
Random

in means

-4.460
-3.700
-11.000
-4.600
-8.400
-7.700
-13.000
-7.000
-11.000
-9.000
-11.000
-8.000
-6.950
-9.700
-8.700
-8.000
-3.000
-2.000
-7.700
-7.300
-7.000
-8.900
-9.200
-3.000
-3.000
0.000
-2.000
-2.700
-2.500
-6.100
-14.400
-5.000
-7.000
9270
-9.000
2430
-6.942

error

1925
1619
1203
1533
1563
3537
1528
1587
0.729
1.045
2141
2823
0.266
6.053
1482
2021
0.994
1817
1322
0.569
2907
3950
2518
3174
1401
4249
3191
2933
1548
0.699
3762
1677
5751
1162
1.950
4421
0471

Variance

3707
2622
1448
2.350
2442
12512
2333
2520
0531
1092
4582
7.968
0.071
36,641
2197
4.085
0.988
3301
1748
0324
8450
15601
6.339
10075
1964
18.056
10.182
8.605
2.397
0.489
14151
2811
33071
1349
3.803
19542
0222

Lower  Upper
limit  limit

-8.234 -0.686
-6.874 -0.526
13358 -8.642
7604 -15%
-11463 -5.337
-14.633 -0.767
-15.994 -10.006
-10111 -3889
12429 -9571
-11.048 -6.952
-15.195 -6.805
-13532 -2.468
1471 -6.429
21564 2164
-11.605 -5.795
-11.961 -4.039
-4949 -1.051
5561 1561
-10291 -5.109
-8416 -6.184
-12.697 -1.303
-16.641 -1.159
-14135 -4.265
9221 3221
-5.746 -0.254
8328 8328
8254 4.254
8449 3049
5535 0535
-TATL -4729
21773 -1.027
-8286 -1714
18271 4271
-11.547 -6.993
12822 -5.178
-11.094  6.234
-7.866 -6.019

ZValue

-2.316
-2.285
9.141
-3.001
5375
2117
-8510
-4410
-15.089
-8613
5.139
-2.834
-26.141
-1.602
-5.870
-3.958
-3.017
-1101
5.824
-12.823
-2.408
-2.253
-3.654
-0.945
2141
0.000
0627
-0.920
-1615
8721
-3.828
-2.982
-1217
-7.980
-4.615
-0.550
14731

p-Value

0.021
0.022
0.000
0.003
0.000
0.029
0.000
0.000
0.000
0.000
0.000
0.005
0.000
0.109
0.000
0.000
0.003
0271
0.000
0.000
0.016
0.024
0.000
0.345
0.032
1.000
0531
0357
0.106
0.000
0.000
0.003
0.224
0.000
0.000
0583
0.000

Difference in means and 95%Cl
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Model

Random

Study name

Difference Standard

Ahrens etal. 2021
Bhardwaj etal. 2017
Chainani-Wu et al. 2011
Diehl etal. 1998 a
Diehl etal. 1998 b
Dod etal. 2010
Frattaroli et al. 2008 a
Frattaroli etal. 2008 b
Frattaroli et al. 2008 ¢
Frattaroli etal. 2008 d
Frattaroli et al. 2008 e
Frattaroli etal. 2008 f
Kentetal. 2013
Kentetal. 2018
Klimis etal. 2021
Koeder etal. 2022
Koertge etal. 2003 a
Koertge etal. 2003 b
Marshal etal. 2009
Morton etal. 2014
Orish etal. 1990
Ornish etal. 1998
Ornish et al. 2008
Pischke etal. 2006 a
Pischke etal. 2006 b
Pischke etal. 2006 ¢
Pischke etal. 2006 d
Pischke etal. 2007 a
Pischke etal. 2007 b
Slavicek et al. 2008
Suazo etal. 2021
Swiatkiewicz et al. 2021
Toobert etal. 2000
Tsaban etal. 2021
\oeghtlyetal. 2013
Yu etal. 2014

inmeans

-3.370
-0.700
-5.000
-5.900
-5.500
-1.800
-8.000
-4.000
-7.000
-6.000
-5.000
-6.000
-4.140
-4.300
-4.800
-4.000
-3.000
-3.000
-3.700

Statistics for each study
Lower Upper
error  Variance limit  limit

1118 1251 -5562 -1.178
0.670 0448 -2012 0612
0.675 0456 -6.324 -3.676
0.860 0740 -7586 -4.214
0.743 0552 -6.956 -4.044
1.967 3868 -5655 2055
1459 2127 -10.859 -5.141
1535 2355 -7.008 -0.992
0.949 0901 -8.860 -5.140
0.443 0196 -6.868 -5.132
0.987 0973 -6.934 -3.066
0.603 0364 -7.182 -4818
0.156 0.024 -4445 -3.835
2.206 4866 -8.624 0.024
0.790 0625 -6.349 -3.251
1011 1021 -5981 -2.019
0.566 0320 -4109 -1.891
1.052 1108 -5.063 -0.937
0.795 0631 -5257 -2.143
0.329 0.108 -4.945 -3.655
1.688 2850 -7.309 -0.691
2028 4114 -8646 -0.694
1.887 3560 -9.098 -1.702
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