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ABSTRACT
Objective: To verify the effects of fish oil and soy on nitric oxide (NO) and blood pressure in pa-
tients with metabolic syndrome (MS). Subjects and methods: Sixty women with MS were in-
vestigated in a parallel randomized design study. The first group maintained their usual diet; the 
second group received 25 g/day of soy; the third group received 3 g/day of n-3 fatty acids, and 
the fourth group the same amount previously cited of n-3 fatty acids and soy. Results: Serum 
nitric oxide metabolites showed significant increase after 90 days in the fish oil and soy groups. 
Systolic pressure reduced after 45 days of treatment with fish oil, whereas diastolic pressure 
decreased significantly throughout the study in the soy group. Conclusions: NO increase and 
blood pressure reduction with fish oil or soy protein reinforce the importance of the influence 
of NO on blood pressure in patients with MS. Arq Bras Endocrinol Metab. 2010;54(6):540-5
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RESUMO
Objetivo: Verificar o efeito do óleo de peixe e soja sobre o óxido nítrico (NO) e a pressão arterial 
em pacientes com síndrome metabólica (SM). Sujeitos e métodos: Sessenta mulheres com 
SM foram avaliadas em estudo paralelo randomizado. O primeiro grupo manteve sua dieta 
habitual, o segundo grupo recebeu 25 g/dia de soja, o terceiro grupo recebeu 3 g/dia de ácidos 
graxos n-3 e o quarto grupo, a mesma quantidade citada anteriormente de ácidos graxos n-3 e 
soja. Resultados: Os níveis séricos de metabólitos de NO foram significativamente superiores 
após 90 dias de intervenção com soja ou óleo de peixe. Somente o grupo que recebeu o óleo 
de peixe apresentou redução na pressão sistólica após 45 dias. Já a soja reduziu a pressão 
diastólica em 45 e 90 dias. Conclusões: O aumento de NO e a redução da pressão arterial com 
óleo de peixe ou proteína de soja reforçam a influência do óxido nítrico sobre a pressão arterial 
em pacientes com SM. Arq Bras Endocrinol Metab. 2010;54(6):540-5
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INTRODUCTION

Metabolic syndrome (MS) comprises pathological 
conditions that include insulin resistance, arte-

rial hypertension, visceral adiposity and dyslipidemia, 

which favors the development of cardiovascular dis-
eases (1). Existing evidence suggests that MS is rising 
in developed countries (2). Some studies performed 
in Brazil have demonstrated high prevalence in the  
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cities of Vitória, Espírito Santo (30%), Salvador, Ba-
hia (19%), Campos, Rio de Janeiro (18%), and also in 
Cavunge (24.8%), a semi-arid rural district in Bahia 
(3-6). 

 Research studies examining food groups are im-
portant and there is a trend in the literature to verify 
the relation between dietary patterns and cardiovascu-
lar risk factors (7). However, studies examining single 
nutrients such as fish- and soy-based products are also 
warranted to enhance the understanding of the mecha-
nisms by which they may be protective.

Currently, many factors are considered involved in 
the beneficial cardiovascular effects of fish oil n-3 fatty 
acids (8-10) and soy products (11-13), including re-
duced blood pressure (14,15). Evidence suggests that 
nitric oxide (NO) plays a major role in regulating blood 
pressure and that impaired NO bioactivity is an impor-
tant component of hypertension (16) Furthermore, 
increase in NO has been reported as one of the patho-
physiological mechanisms implicated in reducing blood 
pressure using fish oil n-3 fatty acids (14,17) or soy 
products (15).

Although endothelial dysfunction has been consid-
ered an important issue in patients with MS, the re-
sults of studies on serum NO metabolite levels in pa-
tients with MS have been contradictory (18,19). Sun 
and cols. (18) showed that NO metabolite levels were 
reduced in MS. However, Asl and cols. (19) showed 
higher NO metabolite concentration in subjects with 
MS and type 2 diabetes. 

Thus, the present study reports the effects of fish oil 
and soy protein enriched with isoflavones on NO bioa-
vailability and blood pressure measurements in patients 
with MS. 

SUBJECTS AND METHODS

Subjects

Sixty of the 100 screened women with MS who fulfil-
led the entry criteria were selected among ambulatory 
patients of the University Hospital of Londrina, Paraná, 
Brazil. The patients were instructed not to change their 
usual diets, alcohol intake, level of physical activity, or 
other lifestyle factors throughout the intervention pe-
riod. All patients gave written informed consent, and 
the study protocol was fully approved (CEP 298/05) 
by the Ethical Committee of the University of Londri-
na (Paraná, Brazil).

Study design

Before the interventional study, there systolic and dias-
tolic blood pressure were assessed, and NO metabolite 
levels in 60 women with metabolic syndrome and 50 
healthy women paired by age and race, and with BMI 
between 20 and 24.9 kg/m2. 

Patients were randomly assigned to one of four 
groups, after stratification by age and body mass index 
(BMI). All groups were instructed to follow their usual 
diet. The first group only followed its usual diet (con-
trol group, n = 15); the second group (soy group, n = 
15) received 25 g/day of kinako (toasted ground soy 
bean, with 12.95 mg of soy protein and 50 mg of iso-
flavones) for lunch and dinner; the third group (fish 
oil group, n = 15) received 3 g/day of fish oil n-3 fatty 
acids (10 capsules of fish oil), and the fourth group re-
ceived 3 g/day of fish oil n-3 fatty acids and 25 g/day 
of kinako. Each fish oil capsule contained 180 mg of 
eicosapentaenoic acid (EPA) and 120 mg of docosahe-
xaenoic acid (DHA). All the groups were evaluated on 
three occasions by a blind assessor: at baseline and after 
45 and 90 days. Blood samples were collected within 
a limit of one week from the stipulated day. The soy 
protein enriched with isoflavone was provided by Good 
Soy, Uberaba, Minas Gerais, Brazil, and its quality is 
certified by the Brazilian Farming Research Company 
(EMBRAPA-SOJA, Londrina, Paraná, Brazil). The nu-
trient composition of the soy protein consumed by the 
study participants is shown in table 1. 

Table 1. Nutrient composition of Kinako

Components Amounts are per 25 g

Calories 94 kcal

Protein (g) 12.95

Carbohydrate (g) 6.35

Lipids (g) 5.75

Fiber (g) 3.95

Calcium (mg) 83.25

Iron (mg) 2.75

Vitamin A (mcg) 3.5

Vitamin B1 (mg) 0.23

Vitamin B2 (mg) 0.075

Niacin (mg) 0.61

Isoflavones (mg) 50

MS was defined following the Adult Treatment Panel 
III criteria. When three out of five of the listed charac-
teristics were verified, a diagnosis of MS was performed: 
1) Abdominal obesity: waist circumference ≥ 102 cm  
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in men and ≥ 88 cm in women; 2) Hypertriglyceride-
mia ≥ 150 mg/dL (1.695 mmol/L); 3) Low levels of 
HDL cholesterol: ≤ 40 mg/dL (1.036 mmol/L) in 
men and ≤ 50 mg/dL (1.295 mmol/L) in women; 4) 
High blood pressure: ≥ 130/85 mmHg; 5) High fas-
ting glucose: ≥ 110 mg/dL (6.1 mmol/L) (20). 

None of the participants of the study presented 
thyroid, renal, hepatic, gastrointestinal, or oncology di-
sease or were receiving lipid-lowering drugs, estrogen 
replacement therapy, or drugs for hyperglycemia. No pa-
tient was taking fish oil or soy supplements before the stu-
dy. Patients who were taking antihypertensive drugs were 
not excluded, but were allowed to continue taking the 
same dose. None of the subjects were on a specific diet. 

Steps taken to optimize compliance

Various measures were taken to optimize and assess 
compliance (21,22). Before trial entry we made sure that 
each patient understood that they could be allocated to 
any group. Boxes of fish oil capsules were handed out at 
the entry interview and all 2 later visits; the subjects were 
asked to return the boxes each time so that the number 
of capsules taken could be estimated by questioning the 
patients and counting the remaining capsules. Soy pro-
tein compliance was measured by questioning the pa-
tients and counting soy packages when patients returned 
to their clinical and nutritional evaluation. 

Anthropometric and blood pressure measurements

Anthropometric measurements were evaluated by a 
blind assessor at baseline and after 45 and 90 days. Body 
weight was measured to the nearest 0.1 kg by using an 
electronic scale, with individuals wearing light clothing, 
but no shoes, in the morning; height was measured to 
the nearest 0.1 cm by using a stadiometer. Body mass 
index (BMI) was calculated as weight (kg) divided by 
height (m) squared. Waist circumference (WC) was me-
asured with a soft tape on standing subjects midway be-
tween the lowest rib and the iliac crest. Waist-to-hip ratio 
was calculated as the body circumference midway betwe-
en the inferior border of the rib cage and the superior 
border of the iliac crest, divided by the maximal body 
circumference of the buttocks. Three blood pressure 
measurements taken with a one minute interval between 
them after the subject had been sitting were recorded. 
The mean of these measurements was used in the analy-
sis (23). We considered the current use of antihyperten-
sive medication an indication of high blood pressure.

Nitric oxide (NO) metabolite measurements

Serum NO levels were assessed by nitrite (NO2
-) and 

nitrate (NO3
-) concentration according to the Griess 

reaction supplemented with the reduction of nitrate to 
nitrite with cadmium (24,25).

Statistical analysis

Mann-Whitney non-parametric test was performed 
to compare healthy women and MS patients. Some 
continuous data were transformed into more nor-
mally distributed variables by using a natural logari-
thm transformation. Multivariate analysis of variance  
(MANOVA) was employed to examine differences be-
tween the groups and the times. Multivariate analyses 
were followed by post hoc multiple comparisons tes-
ting with Scheffé difference test. Mean scores by group, 
univariate F statistics, significance levels, and significant 
post hoc comparisons are displayed in the tables. P < 
0.05 was considered statistically significant. Values are 
presented as mean ± standard deviation.

RESULTS

MS patients presented higher systolic and diastolic 
blood pressure and lower NO metabolite levels when 
compared to healthy controls (Table 2).

Table 2. Clinical and laboratorial characteristics of the patients with 
metabolic syndrome and healthy controls

Controls 
(n = 50)

Metabolic 
syndrome  
(n = 60)

p value

Age (years) 42.0 (8.4) 45.9 (9.8) 0.119

BMI (kg/m2) 22.9 (18.7 – 24.9) 37.2 (27.1 – 53.9) < 0.0001

SBP (mmHg) 101.0 (81.0 – 130.0) 134.5 (89.0 – 203.0) < 0.0001

DBP (mmHg) 65.0 (47.0 – 80.0) 83.0 (53.0 – 124.0) < 0.0001

NO (ug/mL) 6.72 (5.14 – 12.43) 5.69 (2.36 – 8.18) 0.048

Mann-Whitney test. Data are median (min – max).
BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; NO: nitric oxide.

Patients who followed the fish oil and soy treatments 
had no complaints, and according to self-report, the 
subject’s lifestyle was unchanged throughout the study. 
Subjects in all groups did not drink alcohol regularly 
(data not shown). There were no differences between 
groups in respect to age and smoking status (Table 3). 
For ethical reasons, we could not ask the patients to stop 
using antihypertensive medication to participate in the 
study, but there was no statistically significant difference 
between the groups when they were compared (Table 3).
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Table 3. Clinical characteristics of the 60 metabolic syndrome patients

Parameters Control
(n = 15)

Soy
(n = 15)

Fish Oil
(n = 15)

Soy + 
Fish Oil
(n = 15)

p

Age 47.1 (8.8) 49.9 (11.2) 47.8 (9.4) 46.8 (10.5) 0.20

Smoking 0 1 1 0 0.57

ACE 8 10 7 6 0.51

β blockers 1 2 4 3 0.34

Diuretics 5 7 4 2 0.26

CCB 2 1 0 1 0.55

FO: fish oil; ACE: angiotensin-converting enzyme; CCB: calcium channel blockers
Data are presented as mean ± SD or number of subjects.
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The parameters related to body composition (BMI, 
WC, waist-to-hip ratio) showed no statistically signi-
ficant results after 45 and 90 days in relation to the 
baseline values in all groups (Table 3). However, both 
systolic and diastolic blood pressure showed decreased 
values in some groups in relation to baseline values. 
Systolic pressure showed reduced values (p < 0.05)  
after 45 days of treatment with fish oil, but not after 
90 days. Meanwhile, diastolic pressure decreased sig-
nificantly (p < 0.05) after 45 and 90 days in the soy 
group as well as after 90 days in the control group  

Figure 1. Nitric oxide metabolite levels in patients with the metabolic syndrome at baseline, and after 45 and 90 days of intervention. a) Control group; 
b) Soy group; c) Fish oil group; d) Group which associated the ingestion of soy and fish oil. 
Within-group changes from baseline (p < 0.05). 

(p < 0.05) (Table 4). NO metabolite levels showed sig-
nificant increase (p < 0.05) after 90 days in relation to 
baseline values, both in fish oil and soy groups, but this 
effect was not verified when fish oil and soy were given 
concomitantly (Figure 1).

DISCUSSION

To our knowledge, this is the first study to show the fa-
vorable effects of both fish oil and soy protein enriched 
with isoflavones on blood pressure and NO in patients 
with the MS, although a synergistic effect was not 
found. Of note, the effects of fish oil and soy protein 
on the parameters studied were not related to BMI, 
WC, and waist-to-hip ratio which remained practically 
unaltered throughout the research. The current study 
also showed, in accordance with the study of Sun and 
cols. (18), lower NO metabolite levels in patients with 
MS in relation to healthy controls.

Our findings of decreasing blood pressure with fish 
oil and soy protein enriched with isoflavones are in ac-
cordance with the literature. Soy protein had a sustai-
ned effect on diastolic blood pressure throughout all 
the study, whereas the effect of fish oil on systolic blood 

Fish oil and soy in metabolic syndrome



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

544 Arq Bras Endocrinol Metab. 2010;54/6

Table 4. Antropometric and blood pressure measurements in patients with 
the metabolic syndrome at baseline, and after 45 and 90 days of intervention

Group 
(n = 15)

Baseline
(n = 15)

45 days
(n = 15)

90 days
(n = 15)

BMI  
(kg/m2)

Control
Soy

Fish oil
Soy + Fish oil

36.32 (6.53)
38.30 (8.37)
34.34 (7.21)
36.03 (7.49)

36.51 (7.07)
38.41 (8.37)
33.90 (7.59)
35.90 (7.25)

36.43 (7.35)
38.63 (8.47)
35.31 (8.84)
35.73 (7.38)

 WC (cm) Control
Soy

Fish oil
Soy + Fish oil

111.00 (19.08)
115.50 (15.30)
109.63 (13.97)
117.08 (27.07)

111.50 (20.20)
113.79 (14.77)
108.79 (15.54)
117.54 (29.76)

110.67 (20.06)
113.57 (14.11)
108.84 (16.03)
118.38 (29.56)

Waist-to-
hip ratio

Control
Soy

Fish oil
Soy + Fish oil

0.92 (0.08)
0.95 (0.05)
0.93 (0.08)
0.93 (0.05)

0.92 (0.08)
0.95 (0.05)
0.91 (0.07)
0.94 (0.09)

0.91 (0.08)
0.95 (0.05)
0.91 (0.06)
0.97 (0.11)

SBP 
(mmHg)

Control
Soy

Fish oil
Soy + Fish oil

137.00 (27.50)
135.79 (14.19)
135.47 (23.09)
136.69 (17.58)

128.92 (25.08)
128.79 (13.06)
127.95 (18.02)*
133.54 (15.64)

127.58 (23.67)
132.43 (14.25)
132.63 (16.36)
127.77 (13.34)

DBP 
(mmHg)

Control
Soy

Fish oil
Soy + Fish oil

87.33 (18.86)
91.00 (11.80)
83.37 (14.83)
83.62 (9.70)

80.25 (13.25)
83.00 (13.74)*
78.84 (12.79)
81.54 (8.05)

89.25 (15.57)
80.07 (10.46)*
75.00 (9.05)
83.23 (9.20)

Data are presented as mean ± standard deviation.
BMI: body mass index; WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic 
blood pressure.
* Within-group changes from baseline (p < 0.05).

pressure only occurred after 45 days. Soy protein in-
take has shown inverse association with blood pressure 
both in longitudinal studies (15) and in small-scale cli-
nical trials with soy protein enriched with isoflavones 
(26-28). However, differently from our results, Azad-
bakht and cols. (12) using soy protein (30 g/d) not en-
riched with isoflavones in MS patients did not show sig-
nificant decrease in blood pressure. Several mechanisms 
can explain soy protein and isoflavones action on blood 
pressure: improvement in systemic arterial compliance 
(29), a natriuretic effect similar to furosemide (30), and 
amino acid composition (31). It can be hypothesized, 
in the current study, that insulin concentration decrease 
in patients with MS using soy protein enriched with 
isoflavones (data not shown) could lead to lower salt 
retention and therefore a reduced blood pressure, an 
underestimated mechanism for hypertension associated 
with insulin resistance (32). 

Human studies have also shown that fish oil can lo-
wer blood pressure. A metaregression analysis of ran-
domized trials verified that at doses between 3 and 5.6 
g/d, fish oil reduced blood pressure in hypertensive 
individuals by up to 5.5/3.5 mmHg (14). The mecha-
nisms implicated include blunting of the synthesis of 

rennin-angiotensin-aldosterone system by decreasing 
adrenal synthesis of aldosterone (33), changes in renal 
arachdonic metabolism (33), blunting the sympathetic 
activity in adrenal response to mental stress with redu-
ced cortisol release (34), and reducing heart rate (35). 

Data on reduced blood pressure and NO increase in 
patients using fish oil or soy protein, shown in the pre-
sent study, are in accordance with the literature. Both 
fish oil (36) and soy protein (37) could reduce blood 
pressure by stimulating NO, a factor that is known to 
have vasodilatory effects (38). Fish oil action on NO 
may result from increased expression of endothelial ni-
tric oxide synthase expression (eNOS) (39), whereas it 
can be hypothesized that the relative higher amount of 
NO precursor, arginine, in the amino acid profile of soy 
protein (40) could explain, at least in part, its effects 
on NO concentration, as the L-arginine/NO pathway 
plays a critical role in maintaining normal endothelial 
function by causing vasodilatation (41).

This study presents some limitations as there were a 
small number of subjects due to the difficulty in selecting 
patients who had the rigorous inclusion criteria adopted. 
Despite the measures taken to optimize compliance, it is 
difficult to assure that the individuals have fully abided 
by the instructions to consume soy and fish oil, and this 
issue could have interfered in the present results.

In conclusion, the finding of increased serum NO 
metabolite levels after 90 days both the in fish oil and 
soy protein groups of the current study reinforce the im-
portance of the influence of NO levels on blood pressure 
in patients with the MS using fish oil or soy protein, 
although there were no significant differences in blood 
pressure and NO when fish oil and soy protein were as-
sociated. More human studies are warranted to confirm 
the relevant clinical results obtained in the present study. 
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