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Abstract

Background: High blood pressure is the major risk factor for cardiovascular disease. Low blood pressure control rates in 
Latin American populations emphasize the need for gathering evidence on effective therapies. 

Objective: To evaluate the effects of dietary interventions on blood pressure in Latin American populations. 

Methods: Systematic review. Electronic databases (MEDLINE/PubMed, Embase, Cochrane Library, CINAHL, Web of Science, 
Scopus, SciELO, LILACS and VHL) were searched and manual search for studies published up to April 2013 was performed. 
Parallel studies about dietary interventions in Latin American adult populations assessing arterial blood pressure (mm Hg) 
before and after intervention were included. 

Results: Of the 405 studies identified, 10 randomized controlled trials were included and divided into 3 subgroups 
according to the proposed dietary intervention. There was a non-significant reduction in systolic blood pressure in the 
subgroups of mineral replacement (-4.82; 95% CI: -11.36 to 1.73) and complex pattern diets (-3.17; 95% CI: -7.62 to 
1.28). Regarding diastolic blood pressure, except for the hyperproteic diet subgroup, all subgroups showed a significant 
reduction in blood pressure: -4.66 mmHg (95% CI: -9.21 to -0.12) and -4.55 mmHg (95% CI: -7.04 to -2.06) for mineral 
replacement and complex pattern diets, respectively. 

Conclusion: Available evidence on the effects of dietary changes on blood pressure in Latin American populations indicates 
a homogeneous effect of those interventions, although not significant for systolic blood pressure. Samples were small and 
the quality of the studies was generally low. Larger studies are required to build robust evidence. (Arq Bras Cardiol. 2014; 
102(4):345-354)
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Thus, an adequate diet, in association with increased physical 
activity levels, has been encouraged as a beneficial measure 
to reduce arterial blood pressure5. Such CLS are important 
strategies for SAH prevention and treatment6.

The effect of dietary interventions has been described in 
several populations7,8. However, very often, the replication 
of effective dietary interventions in developed countries has 
not proven to be effective in reducing CVD in developing 
countries9. In addition, systematic reviews about the topic have 
not included Latin American studies10,11. Thus, the need for 
solutions to face CVD adapted to the economic and structural 
weaknesses of developing nations has directed the actions of 
international organs, governments and scientific journals12-14. 
Gathering summarized evidence with accuracy and analytical 
power has been increasingly important in the health sector15. 
Systematic reviews and meta-analyses have been important 
tools to determine preventive measures against and treatment 
for CVD16.

This study was aimed at gathering and summarizing 
evidence about the effects of diet changes on arterial blood 
pressure of Latin American populations, evaluating distinctive 
patterns of dietary intervention and their effect on systolic and 
diastolic arterial blood pressures.

Introduction
Systemic arterial hypertension (SAH), a complex chronic 

disease, accounts for approximately 45% of the cases of 
ischemic cardiac diseases and 51% of cerebrovascular 
diseases1. Together, those two classes of disease are the major 
cause of morbidity and mortality in the world2. Because of the 
linear, direct and independent association of SAH with the 
development of cardiovascular diseases (CVD)3, arterial blood 
pressure control is fundamental to reduce cardiovascular risk.

Changes in lifestyle (CLS) are the basis for the treatment of 
hypertensive patients. Historically, since the 1970’s, several 
countries have taken necessary measures to insert programs of 
disease prevention and health promotion in the community, 
emphasizing the fight against risk factors related to CVD4. 

345



Original Article

Mazzaro et al.
Diet changes and blood pressure: meta-analysis

Arq Bras Cardiol. 2014; 102(4):345-354

Methods

Search strategy
Searches in electronic databases (MEDLINE/PubMed, 

Embase, the Cochrane Library, CINAHL, Web of Science, Scopus 
and Virtual Library on Health (BVS)) were performed by using 
a combination of descriptors, including terms of the Medical 
Subject Headings (MeSH), Descriptors in Health Sciences 
(DECs), and contractions of descriptors. The systematic review 
was not restricted to English publications, and included studies 
written in Portuguese and Spanish. The PRISMA protocol17 
was used as a guide for the systematic review. The terms used 
for the search were related to the population analyzed (South 
America[mesh] OR South America*[tiab] OR Latin America*[tw] 
OR Central America[mesh] OR Brazil*[tiab]) and the lifestyle 
interventions combined with the following outcomes: (“life 
style” OR “lifestyle” OR “diet therapy” OR “Sodium Restriction” 
OR “salt Restriction” OR “low Sodium” OR “low salt” OR “fat 
Restriction” OR “low fat” OR “Carbohydrate Restriction” OR 
“low carb” OR “Caloric Restriction” OR “Food, Formulated” 
OR “Formulated Food” OR “diet” OR “dietary” OR “weight 
loss” OR “losing weight” OR “Weight Reduction” OR “Disease 
Management” OR “social support” OR “Social Network” OR 
“Tobacco Use Cessation” OR “Smoking cessation” OR “Alcohol 
Drink” OR “Alcohol consumption” OR “Drinking Alcohol” OR 
“Alcoholi” OR “non pharmacol” OR “magnesium”) AND (“Blood 
pressure” OR “Hypertension”). References present in the articles 
identified via the search strategy were also manually sought to 
add to the study and literature review. Experts, as well as the 
authors of unpublished studies, were contacted. 

Inclusion and exclusion criteria
The inclusion criteria were as follows: randomized 

clinical trials, clinical trials and community trials, in which an 
intervention group is compared with a control group; studies 
conducted in adults; studies reporting, in the same trial, 
arterial blood pressure levels before and after intervention, in 
both control and intervention groups; and studies assessing 
the effect of dietary interventions on arterial blood pressure.

The exclusion criteria were as follows: studies involving 
drug therapy; studies involving pregnant women; studies 
on animals; interventions shorter than eight weeks; letters, 
abstracts, annals of conferences, observational studies, and 
crossover and conglomerate studies.

Identification and selection of studies
Two independent pairs of authors read separately the titles 

and abstracts of the pre-selected studies to identify those that 
correctly met the inclusion criteria. Then, such studies were read 
separately by four authors, to assure that the systematic review 
criteria were met. Any disagreement between the authors was 
solved via discussion in the presence of a fifth author. 

Data extraction
Three authors used a predefined collection form. One 

fourth independent author reviewed the data extracted. The 
characteristics of the studies extracted included the following: 

publication date; geographical origin; title; study definition; 
intervention duration; intervention type; supervision; and 
funding. Each study informed data on participants, such as 
number of participants, sex, age, residence region (urban or 
rural), use of medications, and co-morbidities. In addition, 
blood pressure levels before and after the intervention, with 
respective variances, were measured.

The quality of each study was assessed by use of the 
Cochrane Collaboration’s tool for assessing risk of bias18, 
comprising the following criteria: proper randomization; 
allocation of participants; blinding of participants; blinding of 
the examiner of the results; result integrity; incomplete data; 
selective reports of results; and other sources of bias, such as 
the effect of small studies.

Statistical analysis
The primary outcome variables, systolic and diastolic blood 

pressure, were recorded as continuous variables in mmHg. 
The sizes of the effects of each study were calculated as the 
difference of the mean between the pre- and post-intervention 
measures19. When absent, the variances of the pre- and 
post-intervention differences between the intervention and 
control groups20-27 were inputted following the methodology 
previously described19. 

For the meta-analysis of the results, the fix and random 
effects with 95% confidence interval (95% CI) were used. The 
I-squared was used to assess the heterogeneity of the articles28. 
The studies were separated according to the type of dietary 
intervention to assess the possible differences between the 
subgroups as follows: hyperproteic diet; mineral replacement 
diet, which gathered studies that recommended a low-sodium 
diet or calcium supplementation; and complex pattern diet, 
which recommends a reduction in the intake of saturated fat, 
red meat, fried food and sweets, as well as an increase in the 
intake of olive oil, fruits, vegetables and skim dairy products.

Publication bias was assessed by using funnel plot. The 
effect of small studies was tested with the Egger test28. The 
influence of one single study on the group effect was assessed 
by analyzing sensitivity in the three subgroups of different 
dietary interventions19. The significance level adopted was 
5%. All analyses were performed with the 12.0 version of 
the Stata software (StataCorp LP, CollegeStation, Tex, USA).

Results

Identification and selection of the studies
Of the 405 references identified in the search strategy, 

24 complete texts were obtained. Of those 24, the following 
studies were excluded: one due to lack of a control group; 
one due to lack of blood pressure measurement; one due to 
its irrelevance; four reporting non-dietary interventions; two 
of the crossover type; two cross-sectional studies; and one 
whose full version could not be obtained even after attempting 
contact with the authors. Finally, 12 studies met the inclusion 
criteria proposed for the systematic review and ten for the 
meta-analysis (Figure 1). The reasons for excluding two trials 
from the meta-analysis were as follows: one29 had no control 
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Figure 1 -  Flowchart of the process of study selection.
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group comparable to the other studies; and another30 provided 
dietary supplementation in the form of capsules.

General characteristics of the studies selected
Table 1 shows the major characteristics of the studies 

included in the systematic review. The samples ranged from 
18 to 142 participants (total n = 642), with a mean age of 
49.67 ± 10.3 years. Two studies have assessed exclusively 
women21,22, and the others have included individuals of 
both sexes, one of which24 has reported a greater proportion 
of men. Regarding co-morbidities, three articles have not 
reported the presence of associated diseases21,22,27, one has 
assessed only seropositive patients24, and another has reported 
patients with polycystic ovarian syndrome22. The other trials 
have considered individuals with metabolic syndrome or 
with at least one of its components (diabetes, hypertension or 
obesity). The mean duration of the interventions was 5.2 ± 
3.4 months, ranging from two months to one year. Appendix 1 
shows the quality of the studies assessed according to the 
Cochrane tool18, and the description of studies with intention 
to treat24,26,27,29,31.

Effects of diet changes on blood pressure
All studies were randomized clinical trials and were 

separated into three subgroups according to the diet proposed 
as intervention (mineral replacement, hyperproteic and 
complex pattern diets). Table 2 shows the pre- and post-
intervention blood pressure means of the groups included in 
the meta-analysis. The effect of the dietary interventions (in 
mm Hg) was assessed in each subgroup (Figure 2) for systolic 
and diastolic blood pressure. Except for the evaluation of 
diastolic blood pressure in the subgroup of hyperproteic diets 
(I2 = 71.4%, p = 0.030), no heterogeneity was observed 
among the subgroups with I2 = 0% for all. The effect of the 
small studies was not identified, as indicated by the funnel plot 
(Appendix 2) and confirmed by the Egger test (p = 0.893). 

 
Mineral replacement diets and effects on arterial blood 
pressure

Two trials with 61 participants have assessed the effect of 
diets with sodium20 and calcium23 replacement on arterial 
blood pressure. The combined effect of both studies was 
protective for systolic blood pressure (-4.82; 95% CI: -11.36 
to 1.73; I2 = 0.0%, p = 0.760), although not significant. On 
the other hand, the interventions significantly reduced diastolic 
blood pressure (-4.66; 95%CI: -9.21 to -0.12; I2 = 0.0%, 
p = 0.616).

Hyperproteic diets and effects on arterial blood pressure
The subgroup of hyperproteic diets comprised two 

studies (n = 70). One22 has assessed the impact of a diet 
supplemented with 30% of proteins, 40% of carbohydrates 
and 30% of lipids on two different populations, one of 
previously healthy pregnant women and another of women 
with polycystic ovary syndrome. On global assessment, 
they were considered distinct studies. Contrary to other 
subgroups, the intervention was associated with an increase 
in systolic arterial blood pressure (4.95; 95%CI: -1.25 to 

11.15; I2 = 0.0%, p = 0.648), but that had no significance. 
Although the global effect of the intervention was a reduction 
of 3.27 mm Hg in diastolic arterial blood pressure, that result 
had no statistical significance (-3.27; 95%CI: -13.70 to 7.16; 
I2 = 71.4%, p = 0.030). 

Complex diets and effects on arterial blood pressure
The complex pattern of diets was defined according 

to established guidelines on healthy diets, such as the 
Dietary Approaches to Stop Hypertension (DASH), rich in 
carbohydrates originating from vegetables, little fat and lean 
meat, and the Mediterranean that includes large consumption 
of monounsaturated fats, fruits, vegetables, grains and nuts, in 
addition to a moderate daily intake of alcohol and reduced 
intake of red meat. In that subgroup, six studies were assessed 
with a total of 511 participants. Of those, two studies have 
reported combined interventions26,31, which encourage 
healthy diets in association with the practice of physical 
exercises. Although not statistically significant, the grouped 
effect of the interventions proved to be solid, with a reduction 
in systolic arterial blood pressure (-3.17; 95% CI: -7.62 to 1.28; 
I2 = 0.0%, p = 0.995). On the other hand, diet change had 
a significant effect on diastolic arterial blood pressure (-4.55; 
95% CI: -7.04 to -2.06; I2 = 0.0%, p = 0.990). 

Discussion
In this meta-analysis involving ten studies and 642 

participants, a homogeneous effect of dietary interventions 
on arterial blood pressure was found in Latin American 
populations. Although the diets showed a reduction effect on 
arterial blood pressure, it was not significant when only systolic 
arterial blood pressure was analyzed. The major reason for that 
was the reduced sizes of the study samples when compared to 
those of studies at developed countries. On the other hand, 
diastolic arterial blood pressure was significantly reduced, 
except for the subgroup of hyperproteic diets. 

The subgroups were analyzed according to the differences 
in the diets. In addition to a better understanding of the 
results, that analysis evidenced the homogeneity of the effects 
according to the intervention types, such as the complex 
pattern and sodium replacement diets.

Systematic reviews about specific dietary interventions in 
different populations from those studied here have evidenced a 
beneficial effect on arterial blood pressure10,32. A meta-analysis 
about the Mediterranean diet comprising 50 studies has shown 
a combined effect of -2.35 mmHg (-3.51 to -1.18 mmHg) on 
systolic arterial blood pressure, in addition to benefits on other 
metabolic syndrome components8. The DASH diet also has a 
reducing effect on arterial blood pressure33, and according to 
a meta-analysis of six studies, it was able to reduce the risks 
of CVD, stroke, coronary artery disease, and heart failure by 
20%, 19%, 21% and 29%, respectively33. In Brazil, no studies 
on the mentioned cardiovascular outcomes were found, 
because of the short follow-up period.

Regarding the mineral replacement diets, the reductions of 
4.82 mmHg and of 4.66 mmHg in systolic and diastolic arterial 
blood pressures, respectively, were smaller than those reported 
by other studies. A meta-analysis with 34 studies has confirmed 
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that a low-sodium diet significantly reduces systolic arterial 
blood pressure independently of ethnicity, sex and presence 
of hypertension34. Calcium supplementation, discussed in a 
meta-analysis with 40 studies, proved to reduce systolic blood 
pressure, and that effect was even higher in individuals with a 
calcium-deficient diet35. Those differences can be explained 
by the small number of studies included in this subgroup (only 
two), whose samples were also reduced.

Other diets, such as the hyperproteic diet, seem to have 
an adverse effect on arterial blood pressure36, which has not 
favored the implementation of that type of diet in the primary 
or secondary prevention of high arterial blood pressure.

The distribution of the studies on the funnel plot indicated 
the lack of publication bias in the studies included in this 
meta-analysis. However, when assessed separately, by using 

the Cochrane tool, all met the criteria for a high risk of bias. 
On the other hand, the use of the Egger test showed no effect 
of the small studies on the results. It is worth considering that 
all studies involved small samples, emphasizing the need for 
larger studies of that type.

The results of diet changes and specific dietary interventions 
have been widely studied in developed countries8,33; however, 
in developing countries with lower socioeconomic levels, that 
has not occurred. The low efficacy of dietary interventions of 
developed countries replicated in developing countries has 
been discussed9. In addition, in Latin American countries, 
there are high prevalence of risk factors for CVD and a 
reduced number of population studies, which result in an 
insufficient number of prevention programs aimed at reducing 
cardiovascular risks25,37.

Table 1 - Characteristics of the randomized clinical trials of the systematic review

Reference Country, 
year Sample size Mean age

(years), sex Co-morbidities Intervention Duration 
(months)

Pereira et al.20 Brazil, 
2005 22 45.4 ± 13.2, M/F SAH, overweight/

obesity
50% KCl replacement in salt, hypocaloric 

diet 3

Simão et al.21 Brazil, 
2010 30 42 ± 9.8, F General population* Addition of 25 g of soy protein/day 3

Toscani et al.22 Brazil, 
2011 18 22.72 ± 5.68, F POS Hyperproteic diet (30% of proteins, 40% of 

carbohydrates, 30% of lipids) 2

Toscani et al.22 Brazil, 
2011 22 29.35 ± 5.74, F General population* Hyperproteic diet (30% of proteins, 40% of 

carbohydrates, 30% of lipids) 2

Torres et al.23 Brazil, 
2010 39 39.9 ± 2, M/F BMI > 30

Calcium-rich diet (1200-1300 mg⁄day) with 
skim milk (60 g⁄day) 4

Almeida et al.24 Brazil, 
2011 42 ----, M/F HIV**

Increased intake of olive oil, fruits, 
vegetables and skim dairy products; 

reduced intake of saturated fat, red meat, 
fried food and sweets

12

Siqueira-Catania 
et al.25

Brazil, 
2013 142 54.7 ± 12.5, M/F Pre-DM and/or MS Healthy diet 9

Cezaretto et al.37 Brazil, 
2012 135 55.4 ± 12.5, M/F High risk for DM2 Low fat intake 9

Goldhaber-Fieber 
et al.31

Costa 
Rica, 
2003

61 57 ± 10, M/F DM2 Healthy diet and physical activity 3

Mujica et al.26 Chile, 
2010 51 51.1 ± 5.3, M/F MS

Reduced salt (0.6-6 g/day) and saturated 
fat intake; increased intake of fruits, 

vegetables and fiber-rich food; physical 
activity

4,5

Sartorelli et al.27 Brazil, 
2005 79 46 ± 10, M/F General population*

Increase intake of olive oil, fruits, 
vegetables and skim dairy products; 

reduced intake of saturated fat, red meat, 
fried food and sweets

6

Fortes and 
Novaes30

Brazil, 
2011 56 59.14 ±12.95,  

M/F Large bowel cancer
Supplementation with Agaricus sylvaticus 
mushroom (dried extract tablet - 30 mg/

kg/day) 6

Weber et al.29 Brazil, 
2012 79 62 ± 11, M/F

Atherothrombotic 
vascular disease 
and high risk for 

CVD

Diet associated with regional food (rice, 
beans, soy oil, and Brazilian fruits and 

vegetables); to avoid food with high 
energetic density (1 kcal/g) 3

* No reference to any co-morbidity in the article; ** HIV-positive patients on highly active antiretroviral therapy (HAART). M: male; F: female; SAH: systemic arterial 
hypertension; POS: polycystic ovary syndrome; BMI: body mass index; DM: diabetes mellitus; MS: metabolic syndrome; DM2: type 2 diabetes mellitus; CVD: 
cardiovascular diseases. 
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Table 2 - Means (standard deviation) of systolic and diastolic arterial blood pressure, before and after intervention, in the intervention and 
control groups of the studies included in the meta-analysis

Reference

Control Group Intervention Group

n
Systolic
(mmHg)

Diastolic
(mmHg) n Systolic

(mmHg)
Diastolic
(mmHg)

Pre Post Pre Post Pre Post Pre Post

Pereira et al.20 13 139.6
(11.95)

130.1
(10.5)

92.3
(5.12)

87.4
(10.3) 15 136.1

(6)
120.92
(13.17)

93.83
(4.39)

82.5
(6.6)

Simão et al..21 15 137
(27.5)

127.58
(23.67)

87.33
(18.86)

89.25
(15.57) 15 135.8

(14.2)
132.43
(14.25)

91
(11.8)

80.07
(10.4)

Toscani et al.22 9 119.1
(16.4)

119.36
(15.38)

78
(11.83)

77.82
(12.02) 9 125.7

(19)
126

(23.1)
77.9

(10.75)
80

(11.2)

Toscani et al.22 9 116.43
(10.3)

110.71
(7.32)

75.14
(9.6)

72.57
(7.72) 13 116.1

(10.41)
117.85
(10.18)

74.6
(8.46)

74
(8.8)

Torres et al.23 25 113.8
(1.9)

109.8
(1.9)

71
(1.8)

67.8
(1.3) 25 117.5

(2.6)
108.9
(2.5)

76
(2)

68.9
(2.1)

Almeida et al.24 28 111.1
(12.2)

112.5
(15.6)

74.8
(7.9)

74.3
(10.2) 25 111

(11)
110.7
(10.9)

75.6
(6.5)

71.8
(9.3)

Siqueira-Catania et al.25 83 134.3
(17.8)

134.7
(18.9)

80.3
(9.9)

79.7
(8.1) 97 136.3

(17.4)
132.2
(19.1)

84.2
(10)

79.6
(8.5)

Cezaretto et al.37 80 135.8
(17.6)

136.2
(19.2)

80.5
(9.9)

80
(8.2) 97 136.4

(17.7)
131
(17)

84
(10.7)

76.8
(12.5)

Goldhaber-Fiebert et al.31 35 134
(17)

130
(16)

82
(10)

79
(8) 40 138

(19)
133
(23)

84
(10)

77
(9)

Mujica et al.26 30 138
(15)

137.6
(12.5)

82.7
(12.3)

82.9
(10.5) 30 135.4

(12.9)
132.5
(13.4)

85.4
(10.4)

79.6
(10.4)

Sartorelli et al.27 53 118.1
(20.4)

123.4
(18.1)

77.6
(23.3)

80.9
(11.6) 51 115.1

(14.2)
116.9
(14.1)

77.6
(23.3)

76.3
(8.9)

Appendix 1 - Assessment of the risk of publication bias – Cochrane tool (adapted).
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Figure 2 - Meta-analysis of the effects of different diet changes on systolic and diastolic blood pressure of Latin American populations
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Some limitations of this meta-analysis should be considered, 
the first being the quality of the studies included (Appendix 1). 
Somes studie have not reported basic data, such as patients’ 
sex, minimum, maximum and mean ages, and socioeconomic 
variables. The second limitation is the sample sizes, which 
have ranged from 18 to 142 participants. Although this 
systematic review was aimed at assessing studies conducted 
in Latin America, only two interventions included were not 
Brazilian. One of the reasons for that might be publication 
bias or lack of studies on dietary interventions in other Latin 
American countries.

The population involved in this study showed a reduction 
in arterial blood pressure, but a significant effect was only 
found in the diastolic component. Possible explanations for 
that might lie in the small sample sizes of the studies included 
as compared with others of meta-analysis of unspecific 
populations. Although most studies have lacked reporting 
data on adherence, that might be another cause. Last, but not 
least, it has not been clarified whether, if those interventions 
had lasted longer, the result would have been the same, 
considering that the mean duration of our studies is shorter 
than six months. 

The following strong points of this meta-analysis are worth 
noting: exclusive inclusion of randomized clinical trials; 
lack of search restriction for publications only in the English 
language; and assessment of the effects of each dietary 
intervention regardless of the results. It is worth noting that 
this was the first meta-analysis carried out in Latin America 
gathering all studies on the implications of diet changes on 
arterial blood pressure.

Conclusion
This meta-analysis shows that dietary interventions, 

such as a reduction in salt intake and more complex diet 
patterns, can effectively reduce diastolic arterial blood 
pressure of Latin American populations. Considering the 
increasing levels of arterial blood pressure in the general 
population and the fact that CVD remain the major cause 
of death worldwide, efforts are required to reduce arterial 
blood pressure in hypertensive and non-hypertensive 
individuals. Health care programs can be adapted to those 
populations with better results regarding primary and 
secondary prevention.
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Appendix 2 - Funnel plot of the studies included in the meta-analysis.

se(WMD): standard error of the weighted mean difference; WMD: weighted mean difference.
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