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Keywords: Hypby increases in BP, contributing to the high prevalence of hypertension 
studies showed a signi�cant increase in systolic (SBP) and diastolic 
blood pressure (DBP), following the onset of menopause. Staessen et 
al. [8] reported a four-fold increase in the incidence of hypertension in 
postmenopausal women (40% in postmenopausal women vs. 10% in 
premenopausal women).

However, relatively little is known regarding the in�uence of 
androgens on BP and cardiovascular disease. �ere are reports of lower 
circulating testosterone and androstenedione levels in hypertensive 
men [11,12] and circulating testosterone levels in men with coronary 
artery disease [13] or myocardial infarction [14] are either unchanged 
or decreased.

Furthermore, women su�ering from chronic anovulation and 

displaying hypertestosteronemia have an increased risk of coronary 
artery disease and myocardial infarction. Moreover, men with 
testosterone de�ciency following orchiectomy present a slightly 
lower mortality from heart disease, suggesting that lower testosterone 
may protect against cardiovascular disease [14]. In female SH rats 
testosterone increases BP when they are ovariectomized [15,16].

N-3 PUFAs supplements may e�ectively reduce BP, but their use 
has been limited due to a requirement for high doses with its attendant 
side e�ects. It is not clear neither n-3 fatty acids would signi�cantly 
lower BP in patients with high to normal BP nor lower doses would 
be e�ective and free of side e�ects [17,18]. Few studies have looked at 
the e�ects that these fatty acids supplementation may have on some 
hormones which in turn can have e�ects on BP.

�e aim of our study is to evaluate the e�ects of having low doses 
of n-3 fatty acids (1.5 g/day) in hypertensive women who followed 
di�erent antihypertensive therapies, with special focus on the e�ect 
that n-3 fatty acids has on sex hormones that may be linked to the 
pathogenesis of hypertension.
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Material and Methods
Study population

Fi�y-�ve hypertensive postmenopausal women were voluntarily 
recruited from San Fernando Health Centre in Badajoz. All participants 
were informed and signed in a written informed consent. �is study 
was conducted in accordance with the guidelines proposed in �e 
Declaration of Helsinki and the study protocol was reviewed and 
approved by the Ethics Committee, University of Extremadura, Spain. 

For the study, all members were divided into two groups, the 
supplementation group (SG) (n=28) which received supplementation 
with �sh oil fatty acids, and a control group (CG) (n=27) which received 
no supplementation. As inclusion criteria, they were asked to present 
at least 12 months of amenorrhea, to be considered postmenopausal. 
�e general features of the selected groups are shown in Table 1. �e 
Supplementation Group was given a dietary supplement of �sh oil 
capsules as co-adjuvant treatment containing the ingredients: oil of 
salmon, trout, mackerel, herring, sardine (Equivalent to a 21% EPA 
and 11% DHA) during six months.

Both groups were controlled at the 3rd and 6th month of beginning 
the period of supplementation or no supplementation, and 3 months 
once �nished the study. Dietary and anthropometric control, blood 
pressure and blood extraction was made. 

All hypertensive patients were diagnosed according to the 
criteria of ��h Joint National Committee on Detection, Evaluation, 
and Treatment of High Blood Pressure of 1993 (JNC-V) (SBP>140; 
DBP>90 mm Hg) , and included in the Hypertension agenda of the 
Health Centre. Antihypertensive farmacological treatment were 
followed homogeneously between groups, and consisted in: diet 
(n=8), diuretics (n=16), calcium antagonists (n=10), Inhibitors 
of the angiotensin-converting enzyme (n=6), calcium antagonists 
plus diuretics (n=10), Inhibitors of the angiotensin-converting 
enzyme plus calcium antagonists plus diuretics (n=5). �e change of 
pharmacological treatment during the experimental period was �xed 
as exclusion criteria.

Dietary control

All women followed a similar diet of 1500 kcal with a low sodium 
concentration. Prior to the start of the seizure of a dietary supplement, a 
dietary study was performed for all women in the studied population to 
assess about the intake of n-3 fatty acids and lipids. Dietary intake was 
monitored by the same dietitian throughout the study, with ful�llment 
of a 3-day diet record (2 weekdays and one weekend day) at baseline 
and repeated at the end of the 3rd and 6th month of the study, and at the 
3rd month post intervention period. �e dietitian determined if their 
usual eating habits were maintained and reminded them to make no 
changes. For its evaluation we use food tables prepared by Moreiras 
et al. [19]. 

Anthropometric measurements

�e morphological characteristics of the participants were 
measured in the a�ernoon and always at the same time. Body height 

was measured to the nearest 0.1 cm using a wall-mounted stadiometer 
(Seca 220), and body weight was measured to the nearest 0.01 kg using 
calibrated electronic digital scales (Seca 769) with subjects barefoot. 
Body Mass Index was calculated by dividing the weight (in kg) by the 
height squared (in m2). Body fat composition was evaluated using a 
skinfold thickness (Harpender calliper) by the same operator. 

Blood pressure measurements

Hypertension was de�ned as blood pressure ≥ 140 mmHg and/or ≥ 
90 mmHg, and/or use of antihypertensive medication. Blood pressure 
was measured in the sitting position on the right arm, and the mean of 
tree recordings, at least 3 min apart, was registered. �is determination 
was made with a Mercury Sphygmomanometer (Riester, 660-2-306). 
�e Blood Pressure was determined at baseline and every 15 days in 
the nursing o�ce at the Health Centre, provided by the same person.

Blood sample measurements

All women were taken a sample of blood from the antecubital vein 
a�er overnight fasting, deposited in glass tubes containing lithium 
heparin and immediately centrifuged (2500 rpm for 10 min.). �e 
separated plasma was stored at -70°C until analysis. 

Total testosterone (TT), Free Testosterone (FT), 
Dehydroepiandrosterone (DHEA) and β-estradiol (E2) were 
determined with commercial kits by RIA. Aromatase activity was 
evaluated by the rate between β-estradiol/total testosterone. 

Statistical procedures

All data were analysed using the analysis program SPSS version 
17.0. �e results are expressed as mean ± standard deviation and 
comparison of samples required a minimum of 5% signi�cance 
(p<0.05). �e normality of the variables’ distribution was assessed using 
the Shapiro-Wilks test and Levene´s Test. We applied the Wilcoxon 
test to compare the changes throughout the studio between the two 
groups and the t-test for comparison of both groups. 

Results
Study population

All the ��y-�ve randomized subjects completed the study. Baseline 
characteristics about blood pressure of the two groups are shown in 
Table 2, and con�rmed that they were well matched for the entry 
criteria.

Cholesterol and Fatty acid ingested 

�e nutritional study for cholesterol and saturated, 
monounsaturated and polyunsaturated fatty acids in the diet followed 
by women is re�ected in the Table 3. 

Low levels of cholesterol were observed in the diet of participants. 
Monounsaturated and saturated fatty acids were consumed on high 
levels. Likewise, within the saturated fatty acids, highlights the high 
consumption of palmitic acid (C16:0), together with stearic acids 
(C18:0) (Table 4). However PUFAs were consumed on low levels, 

Initial 3 Months 6 months 3 months post
Supplement Control Supplement Control Supplement Control Supplement Control

SBP (mm Hg) 159.53 ± 19.58 157.56 ± 20.48 146.37 ± 13.90*** 158.62 ± 20.23 144.44 ± 18.20*** 160.18 ± 18.22
16.92 0.1 20.23
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especially n-3 fatty acids. �e rate of n6-PUFAs/n3-PUFAs is high. 
�ere were not signi�cant changes in these levels during the study.

Anthropometric results

Table 3 shows the anthropometric characteristics of women during 
the study. 

In the SP group, weight increased signi�cantly during the period of 
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Total testosterone, steroid produced in women ovaries, had a 
highly signi�cant decrease throughout the study. �is hormone, like 
estrogen, has by its structural similarity with mineralocorticoid, similar 
actions to them, producing hypertension; and it is because of this their 
decline that it would lead to decreases in BP, especially systolic pressure. 
Reckelho� et al. [15] showed that androgens in general may raise BP 
by increasing �uid reabsorption in the proximal tubule, or either by 
activating the renin-angiotensin system, meaning therefore that the 
decline in testosterone levels in our women would, by this mechanism, 
decrease BP. For the foregoing reasons, we believe that the decreases 
in estradiol, total testosterone and DHEA, observed in our study could 
be due to an inhibition of the enzyme steroid sulfatase (STS) for taking 
�sh oil, and this would lead to a BP decrease, shown in our study.

Both estradiol and testosterone are present in both sexes, 
in di�erent concentrations and ratios. Endogenous androgens 
(dehydroepiandrosterone, androstenedione, and testosterone) 
are readily converted to estradiol by the sequential actions of 
17β-hydroxysteroid dehydrogenase (17β-HSD) and aromatase [14]. 
In our study, in the SG, the aromatase activity actually increases at 
3rd (p<0.01) and 6th month (p<0.01), fact that can justify the decrease 
experimented by the DHEA and TT in our supplemented with n-3 
PUFAs women. 

For all these reasons, we conclude that taking a low dose of �sh 
oil (1.5 g/day), as adjunctive therapy in hypertensive postmenopausal 
women, can produce decreases in BP both systolic and diastolic, and 
these decrease can be produced in the case of SBP in the third months 
of the intake, but more months of supplementation are required 
to produce similar changes in DBP. �ese decreases in BP could be 
due to changes in levels of sex hormones such as DHEA, β-estradiol, 
total testosterone or free testosterone. It also could be due to changes 
in the cellular receptors of these hormones, induced by the �sh oil 
supplementation. More studies are needed in this line to clarify the 
in�uences these fatty acids can involve on sex hormones.
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