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ABSTRACT 

 

Background: Hypertension is more prevalent in India and risk factors for hypertension are classified 
into modifiable and non-modifiable.  

Objectives: To find out meta-analytic studies that investigate the alteration of modifiable risk factors 

such as engaging physical activity, weight reduction, yoga; reduction of stress, alcohol consumption, 

salt/sodium; vegetarian or DASH diet consumption on blood pressure.  
Methodology: Systematic search was done on February 2015 in Google Scholar search engine using 

scientific terms yielded more than 8,00,000 articles. We systematically screened 3000 titles. After 

inclusion and exclusion criteria, we found 20 articles for final analysis.  
Results: 4 articles on physical activity showed mean reduction of 3.46 mmHg in SBP and 1.28 

mmHg in DBP. 2 articles on weight reduction showed mean difference of -5.37 mmHg in SBP and -

3.49 mmHg in DBP. 2 articles on yoga showed mean reduction of 4.69 mmHg in SBP and 4.3 mmHg 
in DBP. 5 articles on salt reduction showed mean difference of -2.57 mmHg in SBP and -1.58 mmHg 

in DBP. 3 articles on alcohol reduction showed mean difference of -3.31 mmHg in SBP and -2.04 

mmHg in DBP. 2 articles on DASH diet showed mean reduction of 5.0 mmHg in SBP and 2.98 

mmHg in DBP. 2 articles on stress reduction in the form of transcendental meditation showed mean 
difference of -4.9 mmHg in SBP and -3.0 mmHg in DBP.  

Conclusion: Modification of above modifiable hypertension risk factors are significantly reduces 

blood pressure. Reduction effect is more pronounced in hypertensive subjects hence used as first line 
treatment option. 
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INTRODUCTION 

Hypertension, elevated blood 

pressure (BP), is rising at alarming rate in 

India. Approximately every third Indian is 

affected by hypertension. The urban-rural 

difference is lowering in the last decade. 
[1]

 

Once considered that it will affect only rich, 

is now affecting even slum and rural poor in 

India. It is aptly called as ‘silent killer’ 

disease and one of the leading risk factor for 

all cause mortality in India. 
[2,3] 

Risk factors 

for developing hypertension are broadly 

classified into modifiable and unmodifiable. 

Unmodifiable risk factors for hypertension 

are race, family history, age, sex and 

personality. The modifiable risk factors for 

hypertension are overweight and obese, 

sedentary life style (low physical activity), 

smoking and tobacco usage, unhealthy food 

habits, excessive alcohol intake, stress and 

diabetes. In 1998, Ebrahim and Smith
 [4] 

later Bhatt et al.
 [2] 

reviewed how life style 

interventions reduce the blood pressure 
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(BP). They are primarily based on 

individual studies. 

Since then, many systematic reviews 

and meta-analytical studies published in 

leading journals on life style modifications 

on blood pressure in both normotensives 

and hypertensive patients. Meta-analytical 

study is superior to systematic reviews 

because former is analysis of individual 

studies both qualitatively as well as 

quantitatively using statistical tests. 

The purpose of this study is to 

review how the modification some of the 

modifiable risk factors influences the blood 

pressure thus enhancing overall health. 

Thus, the primary objective of the present 

paper was to find out meta-analytic studies 

that investigate the alteration of modifiable 

risk factors such as engaging physical 

activity, weight reduction and yoga; 

reduction of stress through meditation; 

reduction of alcohol consumption and 

salt/sodium intake; vegetarian or DASH diet 

consumption on blood pressure. 

 

METHODOLOGY 

Systematic search was done on 

February 2015 in Google Scholar search 

engine using scientific terms. Scientific term 

include ‘meta-analysis’ AND 

‘hypertension’. This search yielded more 

than 800000 articles. We screened first 1000 

titles, then used filter (duration since 2011). 

This resulted 26100 hits and we screened 

first 1,000 titles. Then again we used filter 

(duration since 2014) which yielded 17500 

hits and we screened first 1000 titles. Thus 

total of 3000 titles were screened using 

inclusion and exclusion criteria. Inclusion 

criteria includes article should be meta-

analytic study in English, availability of full 

text, articles published after 1990, articles 

that deal with either hypertensive or normal 

population. Population who was on non-

pharmacological activity like tea, coffee, 

food supplementation and articles that did 

not meet inclusion criteria are excluded. 

After inclusion and exclusion criteria, we 

found 18 articles for final analysis.  

 

RESULTS  

We identified 4 meta-analytical 

studies of physical activity on blood 

pressure. Murtagh et al. 
[5]

 identified 16 

articles of walking as intervention on blood 

pressure among 816 subjects. They ranged 

from light to self-pace to brisk intensity of 

walking for 20-60 min in 2-7 days/week. 

They reported a mean difference (MD) of -

3.58 mmHg (95% CI −5.19 to −1.97) in 

SBP and -1.54 mmHg (95% CI −2.83 to 

−0.26) in DBP. Hanson and Jones 
[6]

 

reported mean reduction of 3.72 mmHg 

(95% CI 2.17 to 5.28) in SBP and 3.14 

mmHg (95% CI 2.13 to 4.15) in DBP on 

440 walking intervention peoples. Intensity, 

duration of intervention varied between 42 

included studies. Bravata et al.
 [7] 

used 

pedometer as motivation to improve 

physical activity and enhance health. They 

identified 12 experimental or observational 

studies that investigated blood pressure on 

468 subjects. They observed MD of -

3.8mmHg (-1.7 to -5.9) in SBP and-

0.30mmHg (-0.02 to -0.46) in DBP. Kelley 

et al.
 [8]

 studied effect of walking on resting 

blood pressure in 16 RCTs consists of 650 

subjects. They found MD of -3.0mmHg (-

5.0 to -2.0) in SBP and -2.0mmHg (-3.0 to -

1.0) in DBP. 

We identified 2 meta-analytical 

studies that dealt with weight reduction on 

blood pressure. Neter et al. 
[9]

 2003 studied 

the effect of weight reduction on blood 

pressure in 4874 subjects and25 randomized 

controlled trials subgroups. They reported a 

significant reduction in SBP (MD -4.44 mm 

Hg; 95% CI, -5.93 to -2.95) and (MD -3.57 

mm Hg; 95% CI, -4.88 to -2.25) in DBP. 

They reported mean weight loss of 5.1 Kg 

(95% CI 6.03 to 4.25) after intervention. BP 

reduction per Kg of weight loss was -1.05 

mmHg (95% CI, -1.43 to -0.66) for SBP and 

-0.92 mmHg (95% CI, -1.28 to -0.55) for 

DBP. They concluded weight reduction 

played significant role in BP reduction. Karl 

Horvath et al. 
[10]

 2008 studied the effect of 

weight reduction on BP in 48 articles. 38 

articles used dietary intervention and 10 

articles used pharmacological intervention 
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(5 on Orlistat and 5 on Sibutramine) for 

weight loss. They found dietary intervention 

produced significant reduction in weight 

mean -4.14 Kg (95% CI -4.98 to -3.30). 

This resulted BP reduction of −6.26 mmHg 

(95% CI, −9.82 to −2.70) for SBP and −3.41 

mmHg (95% CI, −5.55 to −1.27) for DBP. 

In patients with essential hypertension, 

therapy with a weight loss diet or Orlistat 

resulted in reductions in body weight and 

BP. Although Sibutramine treatment 

reduced body weight, it did not lower BP. 

We identified two meta-analytical 

studies that dealt with yoga on blood 

pressure. Marshall Hagins et al. 
[11]

 

2013studied yoga training on blood pressure 

in 17 study groups. Yoga had a modest but 

significant effect−4.17mmHg 

(−6.35to−1.99) on SBP and−3.62mmHg 

(−4.9to−1.60) on DBP. Paula Chu et al. 
[12]

 

2014 studied the impact of yoga training on 

blood pressure. In this study, 37 RCTs were 

included in the systematic review and 32 in 

the meta analysis. The included studies 

comprised a total of 2768 participants, with 

about an equal mix of men (47%) and 

women (53%). Yoga showed significant 

improvement 5.21mmHg (-8.01 to -2.42) for 

SBP and 4.98 mmHg (-7.17 to-2.80) for 

DBP. 

The Food & Drug Administration 

established the daily reference value for 

sodium as 2400 mg to 3900mg (104 mmol 

of sodium or 6 g of salt). We identified 5 

meta-analytical studies that dealt with salt 

reduction on blood pressure. Midgley et al. 
[13]

 1996 analyzed effect of salt reduction on 

blood pressure in 56 trials through urinary 

sodium excretion. The decrease in blood 

pressure for every 100mmol/day reduction 

in daily sodium excretion was 3.7 mmHg (-

2.35 to-5.05 mm Hg) for systolic and 0.9 

mmHg (0.13 to -1.85 mm Hg) for diastolic 

in the hypertensive trials (28trials; 1131 

subjects); 1.0 mm Hg (-0.51 to-1.56 mm 

Hg) for systolic and 0.1 mmHg (0.32 to -

0.51 mm Hg) for diastolic in the 

normotensive subjects (28 trials; 2374 

subjects). They concluded that sodium 

reduction is effective in older (45 years or 

more) and hypertensive subjects. Later He 

and MacGregor, 
[14]

 2002 did the same 

methodology in longer duration 

(intervention duration of 4 weeks or longer) 

trials. They found more pronounce 

reduction in SBP(-7.11mmHg) and DBP(-

3.88mmHg) in 17 hypertensive trails (734 

subjects) as well as mean reduction of -

3.57mmHg and -1.66 mmHg in 11 

normotensive trails (2220 subjects).They 

concluded that salt reduction reduce the BP 

to clinically significant level in 

normotensive subjects too. Geleijnse et al. 
[15]

 2003 reviewed effect of sodium 

reduction on blood pressure in human 

population using 40 trials with minimum 

duration of 2 weeks. Sodium reduction 

(median: -77 mmol/24 h) was associated 

with a change of -2.54mmHg (95% CI: -

3.16 to-1.92) in SBP and-1.96mmHg (-2.41 

to -1.51) in DBP. They concluded that 

sodium reduction positively reduced BP and 

the reduction is more in high BP subjects. 

NielsA. Graduals et al. 
[16]

 2012 studied the 

effect of salt reduction on blood pressure 

consists of 167 studies. They found 

reduction of −5.48 mm Hg (95% CI: −6.53 

to −4.43) for SBP and−2.75 mm Hg (95% 

CI: −3.34 to −2.1) for DBP. Feng J He et al. 
[17]

 2013 studied the effect of salt reduction 

on blood pressure in 34 trials consists of 

3230 subject. They found the mean change 

in blood pressure was −4.18 mm Hg (95% 

CI −5.18 to −3.18) for SBP and −2.06 mm 

Hg (−2.67 to −1.45) for DBP. 

Alcohol consumption is one of the 

most important modifiable risk factors for 

hypertension among populations. We 

identified 3 meta-analytical studies that 

dealt with alcohol reduction on blood 

pressure. XueXin et al. 
[18]

 2001 studied the 

effect of alcohol reduction on blood 

pressure in 15RCT consist of 2234 

participant. They found a significant 

reduction in blood pressure at 95%CI was (-

2.52 to -4.10 mm Hg) for SBP and (-1.49 to 

-2.58 mm Hg) for DBP. Benjamin Taylor et 

al. 
[19]

 2009 studied the effect of alcohol 

reduction on blood pressure in 12cohort 

studies consists of 28848 females and 13455 
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males. A significant protective effect was 

reported for consumption at or below about 

5 g per day. Among men, Asian populations 

had higher risks than non-Asian 

populations. Alexandros Briasoulis et al. 
[20]

 

2012 studied the effect of alcohol reduction 

on blood pressure in 16 prospective studies 

consists of 33,904 men and 193,752 women. 

They found that men with alcohol 

consumption with<10 g ⁄ d and 11 to 20 g ⁄ d 

had a trend toward increased risk of 

hypertension. Among women, the meta-

analysis indicated protective effects at <10 g 

⁄ d and a trend toward decreased risk of 

hypertension with alcohol consumption 11 

to 20 g ⁄ d whereas a significantly increased 

risk of hypertension was indicated with 

heavy alcohol consumption of 21 to 30 g ⁄ d. 

Dietary modifications have been 

shown to be particularly effective in 

preventing and managing hypertension. We 

identified 2 meta-analytical studies that 

dealt with vegetarian diet on blood pressure. 

Yoko Yokoyama et al. 
[21]

 2014studied the 

effect of vegetarian diet on blood pressure 

in 7controlled trials consist of 311 

participants and 32 observational studies 

consists of 21604 participants. Consumption 

of vegetarian diets was associated with a 

reduction in mean SBP −4.8 mmHg 

(95%CI,-6.6 to -3.1) and DBP −2.2 mmHg 

(95%CI, −3.5 to −1.0) for controlled trial 

and for observational studies associated 

with lower mean SBP −6.9mmHg (95%CI,-

9.1 to 4.7) and DBP −4.7mmHg (95%CI, 

−6.3 to −3.1) compared with the 

consumption of omnivorous diets. Mario 

Siervo et al 
[22]

 2015studied the effect of 

DASH diet on blood pressure in 27 studies 

consist of 1917 participants. The DASH diet 

was found to result in significant decreases 

in SBP 25·2 mmHg (95% CI,7·0 to 3·4) and 

DBP 2·6 mmHg (95% CI,3·5 to 1·7). 

Lifestyle Modifications in form of 

transcendental meditation are recommended 

as sole therapy when blood pressure (BP) is 

greater than 120/80 mm Hg. We identified 

two meta-analytical studies that dealt with 

stress reduction on blood pressure. Maxwell 

V Rainforth et al. 
[23]

 2007 studied stress 

reduction inform of transcendental 

meditation training on blood pressure in 107 

studies consists of 960 participants. They 

found BP change of-5.1/-2.1 mm Hg (95% 

CI,-9.4 to -0.8) for SBP and (95% CI, -5.4 

to +1.4 mm Hg) for DBP. James W. 

Anderson et al 
[24]

 2008 studied stress 

reduction inform of transcendental 

meditation training on blood pressure in 9 

RCT. They found BP changes of −4.7 mm 

Hg (95%CI, −7.4 to −1.9 mm Hg) for SBP 

and −3.2 mm Hg (95% CI, −5.4 to −1.3 mm 

Hg) for DBP. 

 

DISCUSSION 

4 articles on physical activity 

showed mean reduction of 3.46 mmHg in 

SBP and 1.28 mmHg in DBP. 2 articles on 

weight reduction showed mean difference of 

-5.37 mmHg in SBP and -3.49 mmHg in 

DBP. 2 articles on yoga showed mean 

reduction of 4.69 mmHg in SBP and 4.3 

mmHg in DBP. 5 articles on salt reduction 

showed mean difference of -2.57 mmHg in 

SBP and -1.58 mmHg in DBP. 3 articles on 

alcohol reduction showed mean difference 

of -3.31 mmHg in SBP and -2.04 mmHg in 

DBP. 2 articles on DASH diet showed mean 

reduction of 5.0 mmHg in SBP and 2.98 

mmHg in DBP. 2 articles on stress reduction 

in the form of transcendental meditation 

showed mean difference of -4.9 mmHg in 

SBP and -3.0 mmHg in DBP. 

 

CONCLUSION 

Modifiable hypertension risk factors 

include obesity, physical inactivity, high 

dietary salt intake, stress and high alcohol 

consumption. Modification of these 

modifiable hypertension risk factors by 

including physical activity inform of 

walking, cycling etc; yoga and 

transcendental meditation for stress, dietary 

salt reduction, vegetarian, DASH diet and 

alcohol reduction, significantly reduces 

blood pressure. Reduction effect is more 

pronounced in hypertensive subjects hence 

used as first line treatment option. 
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