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Abstract Introduction
Nearly half of patients diagnosed with hypertension are un- Cardiovascular Diseaseis the leading cause of deathin
able to keep their blood pressure under control despite phar-  the United States, annually claiming over 610,000 lives,

macologic intervention, indicating a need for adjunctive an- and costing 555 billion dollars per in year in healthcare
ti-hypertensive therapies [1]. Nutraceuticals may be a promis-

ing option for intervention due to their ease of implementation jc,pendmg' (CDC, AHA). This impact 'Sf expected to' ragldly
and demonstrated efficacy [2-4]. The use of nutraceuticals increase in the next two decades, with some projections
clinically has thus far been limited by a lack of guidelines, indicating that over 45 percent of the US population will
likely stemming from a history of poor regulatory stapdards suffer from cardiovascular disease (CVD) by 2035 [6].
that allow supplements to go on the market before rigorous The most significant pathophysiologic contributor to

clinical trials are conducted [5]. Recently, research examin- . . .
ing nutraceutical use has begun to catch up with the market- cardiovascular disease is the development of hyperten-

place, which may allow for clinical use of supplements from sion, which, according to new guidelines, is defined as
reputable companies, such as those approved by third party having a systolic blood pressure (BP) reading > 120 and/
companies such as National Science Foundation (NSF) Inter- or a diastolic BP reading > 80 mmHg. The lifetime risk of

national [5]. The following review aims to facilitate the trans- . L o . .
lation of research into clinical application by summarizing the developing hypertension is 90% [2]. Despite anti-hyper-

current knowledge on nutraceuticals used as anti-hyperten- tensive medications being one of the most commonly
sives. Web-based guidelines from the American Association prescribed pharmacologic interventions, only about half

of Famlly PhySiCianS (AAFP), American Heart Association Of patlents are able to keep thelr blood pressure under

(AHA), American Stroke Association, American College of . . - -
Gl (AGD), Nl Caiicr T CareiaiiEny e 'control [1].' This problem will be considerably amplified
Integrative Health, European Cardiology Society, the Cana- N the coming years, as the new 2017 AHA blood pres-

dian Heart and Stroke Foundation, and the Mayo Clinic were sure guidelines indicate that an additional 31 million US
examined. Nutraceuticals recommended by two or more of  individuals will need treatment, and 29 million patients
these organizations were reviewed, including garlic, fish oil, currently being treated will need to intensify their cur-

and cocoa. Specific details on dosage, pharmacokinetics, t treat t . 71. For thi th .
pharmacodynamics, adverse effects, and drug-herb interac- rent treatment regimens [7]. For this reason, there is a

tions are discussed in order to summarize clinically relevant significant and growing need for adjunctive and alterna-

information. tive therapies.
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advises a high intake of vegetables, fruits, and whole the market without prior clinical trial testing. Recently,
grains, while limiting intake of sweets, sugary beverag- research regarding the potential uses of nutraceuticals
es, and red meat [8]. The most recent meta-analysis of in clinical trials has begun to catch up to the market
clinical trials examining the DASH diet demonstrated place, which may allow for the clinical use of nutraceu-
decreases in systolic BP of 5.2 mmHg and 2.6 mmHg dia-  ticals from reputable companies [22]. Well respected
stolic [9]. These decreases are significant, as a decrease  nutraceutical companies are certified as having “good
in systolic BP of 5 mmHg is associated with mortality = manufacturing products” by third party companies such
reductions of 14% from stroke, 9% from heart disease, as the Natural Products Association (NPA, formerly
and 7% from all causes [10]. Unfortunately, even though  NNFA) and NSF International, which includes toxicology
this approach has shown to be beneficial, few patients  testing, testing for potential contaminants, and testing
are able to consistently follow this rigorous diet. Inare-  to verify products correspond to their label [5].

cent study following 4,386 patients attempting to eat in
accordance with the DASH diet, only 22 percent of pa-
tients were able to adhere to it [8]. Moreover, compli-
ance has been shown to decrease with time after inter-
vention [11]. Similarly, for patients in programs to sup-
port low sodium intake, which alone has been shown to
considerably reduce BP, especially in patients who are
‘salt sensitive’ rather than have essential hypertension,
only 20-40% of patients are able to reduce their intake
to below the maximum recommended limit [12-14]. In
a cross-sectional study examining reasons for non-com-
pliance with the DASH diet, 70% of participants cited
personal reasons such as psychological factors, stress,
changes in sleep patterns, and difficulty implementing
lifestyle changes as the main reasons for not adhering
to the recommendations [15].

The following review aims to aid in the translation
of research into application by summarizing the current
knowledge on nutraceuticals used as anti-hypertensive
therapies. Web- based guidelines from the American
Association of Family Physicians, American Heart Asso-
ciation, American Stroke Association, American College
of Cardiology, National Center for Complementary and
Integrative Health, European Cardiology Society, the
Canadian Heart and Stroke Foundation, and the Mayo
Clinic were consulted. Nutraceuticals recommended by
two or more of these institutions were reviewed, and
include garlic, fish oil, and Cocoa. Co-enzyme Q10 was
recommended by multiple organizations, but ultimately
was not included in this review because the most rigor-
ous meta-analysis of its’ use found no effect on blood
pressure [23]. Further, the minerals potassium and

While diet modification has proven to be difficult for magnesium were recommended by multiple organiza-
patients to maintain, it may still be beneficial for phy-  tions but not included due to their mineral status. In-
sicians to recommend incorporating specific foods, or  formation regarding nutraceuticals recommended by at
bioactive compounds that make diets, such as the DASH  |east one organization, and information regarding min-
diet, effective. Bioactive components of food are known  erals, are included in Table 1. PubMed, Micromedex,
as “nutraceuticals”, which can be defined as food or a  Lexicomp, and the Natural Medicines Comprehensive
part of a food that provides medical or health benefits, Database were used to collect relevant articles. Only
including the prevention and/or treatment of a disease  randomized control trials on human subjects lasting
[4]. Use of nutraceutical supplements may be a man-  more than our weeks were included in the written por-
ageable initial step, or effective adjunctive therapy for  tion of this review, however shorter duration studies
patients. In a recent cross-sectional study including 343 are included in Table 1. What is currently known about

paﬁents W|th Cardiovascular disease, 82.5% Of pat‘ients dosage, pharmacokineﬁcs[ pharmacodynamics’ adverse
had used nutraceul‘lca|5 fOI’a Var|ety Of health COI"IdIl‘IOhS eﬁects’ and drug_ herb interactions are d|scussed in or-

[16]. According to a recent review, there are several di-  der to summarize clinically relevant information.
etary components with pharmacologically active prop- .
erties that have repeatedly demonstrated reductions in ~ Garlic

blood pressure that are comparable to the entirety of Dosage and meta-analyses: A meta-analysis of tri-
the DASH diet [17]. These nutraceuticals included Coen- ¢ evaluating the efficacy of garlic in the treatment of
zyme Q10, fish oil, garlic, vitamin C, and L-arginine. high blood pressure has shown that garlic decreases

Despite the potential role for nutraceuticals as ad-  Systolic blood pressure (SBP) by 6.7 mmHg and diastol-
junctive therapies for hypertension, implementation ic blood pressure (DBP) by 4.8 mmHg at doses higher
into clinical practice is uncommon as there is a lack of ~ than 300 mg/day for greater than 12 weeks [24]. A sep-
guidelines for their use [18,19], as well as a lack of di- arate meta-analysis of trials including only hypertensive
alog about nutraceuticals between patients and physi- patients found a drop of 8.4 +2.8 mmHg for SBP and
cians [16,20,21]. This likely stems from a history of poor 7.3 1.5 mmHg for DBP (p <0.001) at a dose of 600 or
regulatory standards for supplement use. Manufactur- ~more mg/d for 12-24 weeks [25]. Further analysis from
ers, rather than the FDA, have had the responsibility for ~ this group determined that the blood pressure lowering
ensuring the efficacy of their products since the signing ~ effects are additive when combined with the use of an-
of the Dietary Supplement Health and Education Act in  ti-hypertensive drugs [26]. All meta-analyses on garlic
1994 [5]. This has allowed for products to be placed on  thus far have used supplements ranging from 300 mg/d
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Table 1: Review of anti-hypertensive nutraceuticals.

Nutraceutical &
Recommending Organizations

Meta-analysis & number of
randomized controlled trials
included

BP lowering effects
(mmHg)

Dosage & Length of Time

Garlic Ried [25]; SBP =-76+2.2;p<0.001 600+ mg
AAFP / NCCIH/ Mayo Clinic/ Meta-analysis of 20 RCT’s DBP =-6.1+1.3; p<0.001 12-24 weeks
gﬁg;ecggig(’fa’;i;ea” and Xiong, etal. [24]; SBP =-6.7 300 + mg
Meta-analysis of 7 RCT”s (-12.4,-0.9); p = 0.02 12 weeks
DBP =-4.8
(-6.6, -2.9); p < 0.00001
Ried, et al. [110]; SBP =-8.4+2.38;p<0.001 600+ mg
Meta-analysis of 11 RCT’s DBP =-7.3+1.5;p<0.001 12-24 weeks
Reinhart, et al. [109]; SBP =-16 600 + mg
Meta-analysis of 10 RCT’s (-6.2, -26.5) p<.010 > 2 weeks
DBP =-9.3
(-5.3,-13.3) p<0.10
Magnesium Dibaba et al. [111]; SBP =-4.2 380 mg/d
AAFP / Mayo Clinic/ AHA / ASA/ Meta-analysis of 11 RCT’s (-0.4, -0.03) SMD = -0.20 3 months

Canadian Heart and Stroke
Foundation

DBP =-0.3;
(-0.5, -0.03) SMD = -0.27

Zhang, et al. [112];
Meta-analysis of 34 RCT’s

SBP = -2.0
(-0.4, -3.6); p < 0.05
DBP =-1.8

(-0.7, -2.8); p < 0.05

365-450 mg/d
1-6 months

Kass, et al. [113];
Meta-analysis of 22 RCT’s
Jee, et al. [114];
Meta-analysis of 20 RCT’s

SBP = reported range of -3
to -4
DBP = reported range of -2
to -3

Mean of 410 mg/d
3-24 weeks

10-40 mmol/day
3-24 weeks

SBP =-4.3
(-6.3, -2.2); p < 0.001
DBP =-2.3
(-4.9,0.0); p = 0.09
Omega 3- fatty acids (fish oil) Geleijnse et al. [115]; SBP =-2.1 3.7 g/d (median dose)
AAFP / Mayo Clinic/ ASA/ Meta-analysis of 36 RCT’s (-1.0,-3.2); p < 0.01 > 2 weeks
Canadian Heart and Stroke DBP =-1.6
Foundation (1.0, -2.2): p < 0.01
Appel, et al. [13]; SBP=-55 3g/d
Meta-analysis of 17 RCT’s (-8.1, -2.9); p < 0.001 median of 6 weeks
DBP =-3.5
(-5.0, -2.1); p < 0.001
Morris, et al. [116]; Dose-response effect 3-24 weeks
Meta-analysis of 31 RCT’s of -0.66/-0.35 mmHg/g
omega-3 fatty acids
Coenzyme Q10 Ho, et al. [23]; SBP =-3.68 (-8.86, 1.49); 100-120 mg/d
AAFP / Mayo Clinic/ Canadian ~ Meta-analysis of 3 RCT’s not significant > 3 weeks
Heart and Stroke Foundation DBP = 2.04 (-4.86, 0.810;
not significant)
Rosenfeldt, et al. [117]; SBP =-16.6 76-360 mg/d
Meta-analysis of 12 RCT’s (-12.6, -20.6); p < 0.001 8-12 weeks

DBP =-8.2
(-6.2,-10.2); p < 0.001
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Potassium

Mayo Clinic/ Canadian Heart
and Stroke Foundation

Filppilini et al. [118];
Meta-analysis of 18 RCT’s

Whelton et al. [119];
Meta-analysis of 33 RCT’s

SBP =-4.5
(-3.1,-5.9); p < 0.001
DBP =-2.9

(-1.1, 4.8); not significant
SBP =-3.1
(-1.9, -4.3); p < 0.001

> 90 mmol/day
> 4 weeks

60-200 mmol/day
5 weeks (median)

DBP = -2.4
(-3.8,-0.99); p = 0.001

DBP =-1.9
(-0.5, -3.4); p < 0.001
Cappuccio et al. [120]; SBP =-11.9 96 mmol/d (median)
Meta-analysis of 13 RCT’s (-10.5, -13.3); p < 0.05 > 4 weeks
DBP =-5.4
(-4.4,-6.4); p<0.01
Cocoa Desch, et al. [121]; SBP =-4.5 5-174 mg/d
AAFP / Mayo Clinic / NCCIH Meta-analysis of 10 RCT’s (-5.9, -3.2); p > 0.001 2-18 weeks
DBP =-2.5
(-3.9, -1.2); p < 0.001
Ried, et al. [26] SBP=-32+1.9 30-1000 mg/day
Meta-analysis of 13 RCT’s p = 0.001 > 2 weeks
DBP=-20+1.3
p = 0.003
Ried, et al. [25] SBP =-1.7 670 mg/day (average)
Meta-analysis of 40 RCT’s (-3.09, -0.43); p = 0.009 2-18 weeks
DBP =-1.7
(-2.57, 0.94); p < 0.001
Hooper [101] SBP =-1.6 50-100 mg
Meta-analysis of 42 RCT”s (-2.77,-0.42) 2-18 weeks
MAP = -1.6
(-3.27,-0.01)
Egan, et al. [122]; SBP =-4.7 11-100 g/day
Meta-analysis of 5 RCT"’s p =0.002 > 4 days
DBP =-2.8
p = 0.006
Taubert, et al. [83] SBP =-4.7 46-105 mg/day
Meta-analysis of 5 RCT’s (-7.6, -1.8); p = 0.002 > 2 weeks
DBP =-2.8
(-4.8,-0.8); p = 0.006
Vitamin C Juraschek, et al. [123]; SBP =-4.8 500 mg/d
AAFP Meta-analysis of 15 RCT’s p =0.01 8 weeks (median)
DBP =-1.7
p=0.17
McRae [124]; SBP =-3.9 500 mg/d
Meta-analysis of 13 RCT’s (-3.6,-0.3); p=0.04 6 weeks (mean)
DBP =-2.1
(-3.1,1.1); not significant
Flaxseed Ursonui [125]; SBP =-2.8 Powder 28 g-60 g/d OR
NCCIH Meta-analysis of 15 RCT’s (-5.3,-0.3); p = 0.027 oil containing 1.2 g-15 g

ALA/day OR derived lignin
complex 360 mg-600 mg/day.
4 weeks-12 months

Khalesi, et al. [126];
Meta-analysis of 11 RCT’s

SBP =-1.7
(-3.5, 0.09); p = 0.04
DBP =-1.6

(-2.6, 0.5); p = 0.003

30-50 mg/day whole seed
flaxseed OR

360-600 mg/day flaxseed
lignin
12 weeks- 6 months
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Green/Black tea Houston M [3] SBP =-1.8 100 mg-1200 mg extract with
NCCIH Meta-analysis of 25 RCT’s (-2.4,-1.1) p<0.01 polyphenols
DBP =-1.4 2-24 weeks
(-2.2,-0.6) p<0.01
Peng, et al. [127]; SBP =-1.9 < 585 mg/d
Meta-analysis of 13 RCT’s (-2.9, -1.0); p < 0.001 2-24 wks
DBP =-1.9
(-3.2,-0.7); p = 0.002
Taubert, et al. [83]; SBP =-0.4 900 + mL/d tea
Meta-analysis of 5 RCT’s (-1.3,-2.2);p = 0.63 Mean 4 weeks
DBP =-0.6
(-1.5,-0.4); p=0.38
Probiotics Khalesi, et al. [135]; SBP =-3.6 > 10 Colony-forming units
NCCIH Meta-analysis of 9 RCT’s (-6.5,-0.7); p < 0.01 > 8 weeks
DBP =-2.4
(-2.4,-0.9); p < 0.01
Dong, et al. [128]; SBP =-3.0 100-450 ml/d
Meta-analysis of 14 RCT’s (-4.6, 5.6); p < 0.05 4-24 weeks
DBP =1.1
(-2.1t0-0.1); p<0.05
Herb Roselle Walton, et al. [129]; SBP = reported range of 9.62 mg/d
NCCIH Analysis of 10 RCT’s 6.3t0-31.9 4 + weeks
DBP = reported range of -
1.1t0-19.7
L-arginine McRae [130]; SBP = reported range of 8-11 g/d
Mayo Clinic Review of 7 meta-analyses -2.2t0-5.4 12-24 wks
DBP = reported range of
-2.7t0-3.1
Dong [131]; SBP =-5.3 4-24 g/d
Meta-analysis of 11 RCT’s (-8.5, -2.3); p = 0.001 > 4 weeks
DBP =-2.7
(-3.7, -1.5); p < 0.001
Calcium Van Mierlo, et al. [132]; SBP =-1.9 1200 mg (mean)

Mayo Clinic Meta-analysis of 40 RCT’s (-2.9,-0.8); p<0.05 > 2 wks
DB =0.99
(-1.6,-0.4); p< 0.05
Allender [133]; SBP =-0.9 05gto2g
Meta-analysis 21 RCT's (-1.7,-0.05); p < 0.05 8 weeks (median)
DBP =-0.2
(-0.7,0.4) p<0.05
Folic acid McRae [134]; SBP =-2.0 500 + mg/d
Mayo Meta-analysis of 12 RCT’s (-3.6,-0.4); p=0.04 2-16 weeks
DBP =-0.01

(- 0.1, 1.1); not significant

Parentheses indicate 95% confidence intervals. SBP indicates systolic blood pressure in mmHg. DBP indicates diastolic blood
pressure in mmHg. MAP indicates mean arterial pressure, in mmHg. SMD indicates standard mean difference.

to 900 mg/d. An overview of meta-analyses pertaining
to the use of garlic as an anti-hypertensive agent can be

seenin Table 1.

Pharmacology: The active components in garlic are
allicin, flavonoids and sulfur-containing proteins. The
most active compound, allicin, has been demonstrat-
ed to have anti-TNF-alpha properties, and therefore
anti-inflammatory effects, in human studies [27]. In

murine studies, allicin has been shown to have Angio-
tensin Converting Enzyme (ACE) inhibitory activities,
as well as calcium channel blocking activity [28,29].
Sulfur-containing proteins in garlic have been shown
to reduce catecholamine sensitivity in humans [30]. In
murine studies, the sulfur-containing proteins of garlic
have additionally been shown to replenish endothelial
glutathione, thereby preventing oxidized LDL-induced
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injury [31]. Finally, the flavonoids in garlic reduce oxida-  parallel or crossover designs. This review assessed the
tive damage, thereby improving arterial compliance, as  quality of included trials with the help of two reviewers,
demonstrated in human studies [29]. using the Cochrane Collaboration guidelines [25]. Similar-
ly, Xiong, et al. [24] in 2015 used Cochrane guidelines, and

Pharmacokinetics: Garlicis rapidly absorbed through » .
utilized Cochrane software Revman 5.2 to assess quality.

mucous membranes and skin, and subsequently me-
tabolized by both the liver and kidney [32-34]. Murine  Fish oil
studies suggest that the maximal concentrations of the
active component allicin occurs approximately 30 min-
utes after oral ingestion [35]. Excretion of garlic follows
zero order kinetics [36], with the active products having
a half-life of approximately 6-hours [37]. Excretion of
garlic is primarily via urine, but it also contributes slight-
ly to bile [38].

Dosage and meta-analyses: A meta-analysis of fish
oil supplementation specifically in untreated hyperten-
sive individuals found a SBP reduction of 5.5, and a DBP
reduction of 3.5 mmHg at a dose of 3 g/day for a medi-
an of 6 weeks [13]. A separate review using a meta-re-
gression analysis to determine the dose-relationship
between fish oil and BP found that supplementation de-

Adverse effects: Reported effects of oral garlic in  creased SBP by an average of 2.5 and DBP by 1.5 mmHg
clinical trials include malodorous breath, body odor, independent of dose above 3 g/d for supplementation
nausea, vomiting, flatulence, and weight loss [26,39,40].  |onger than an 8 week period [58]. This is supported by
Furthermore, excretion of garlic may cause polyuria  the observation that higher doses result in the same
or dysuria in some individuals [41,42]. Oral garlic has  blood concentration achieved at a supplementation of
been demonstrated to increase fibrinolytic activity and 3 g/day [59]. This data indicates that fish oil supplemen-
platelet dysfunction in several case studies, and there-  tation at 3 g/d may have some benefits, but benefits do
fore discontinuation at least 10 days prior to surgery is  not increase with higher dosages. Further, there is evi-
recommended [43,44]. Finally, topical garlic has been  dence that some of the antihypertensive benefits of fish
reported to induce contact dermatitis and allergic reac-  oil come specifically from the active component doco-
tions [45-47]. sahexaenoic acid, and when this compound is taken in

Herb-drug interactions: Garlic has been shown to isolation, a dosage of 2 g/d produces a drop in BP over a

have antiplatelet activity, and can increase prothrombin  SiX wegk peri(?d [4,60]. An.overview of the meta-analy-
time, therefore it theoretically may enhance the effect SeS reviewed is presented in Table 1.

of anticoagulants or antiplatelet drugs and should be Pharmacology: Omega-3 fatty acids contained in fish
used with caution in combination with drugs such asas- i, eicosapentoic acid and docosahexanoic acid, exert a
pirin, clopidogrel, enoxaparin, and warfarin [43,48,49].  yariety of effects on the vasculature. Both murine and
Garlic has also been shown to lower blood glucose lev-  hyman studies have demonstrated that omega-3 fatty
els in both healthy and diabetic individuals. As such, it acids are able to directly modulate intracellular calcium
should initially be monitored when used concurrently  concentration, resulting in a dilatory effect on vascu-
with anti-diabetic agents, as dose adjustments may be  |ar smooth muscle [61,62]. Moreover, these molecules
necessary due to the risk of hypoglycemia [50,51]. The  have been demonstrated to enhance the generation
metabolism of garlic appears to alter the cytochrome  and bio-availability of the endothelium derived relaxant
P450 system, specifically by inhibiting the CYP2E1 en-  factor, nitric oxide, by upregulating endothelial nitric ox-
zyme [52]. Therefore, patients taking other drugs me-  jde synthase, eNOS in both murine and human studies
tabolized by this system, which includes acetamino-  [63]. Finally, the antioxidant properties of these mole-
phen, chlorzoxazone, ethanol, theophylline, enflurane,  cyles decrease endothelial oxidative stress, slowing ath-
halothane, isoflurane and methoxyflurane, should not  erosclerosis, and preventing vascular inflammatory cas-
use garlic as a supplement [53]. Garlic’s’ alteration of  cades [64]. These combined effects result in increased

the cytochrome P450 system may also include induc-  arterial compliance in both small and large arteries [61].
tion of the enzyme CYP34A, which may increase the

metabolism of the antiretroviral agents atazanavir and
saquinavir [54,55]. Finally, data suggests that garlic may
inhibit the absorption of Isoniazid across the intestinal
mucosa, however the exact mechanism of the interac-
tion is unknown [56].

Pharmacokinetics: The omega-3 fatty acids in fish oil
are easily absorbed as ethyl-esters or triglycerides [65].
Their absorption appears to decrease the absorption of
omega-6 fatty acids, which have inflammatory, vaso-
constrictor, and thrombo-genic effects [66,67]. They are

. ) then metabolized in the liver and redistributed widely
Rigor of the included meta-analyses: The meta-anal- b oyghout the body, resulting in increased levels of

yses reviewed all show similar trends; reduced SBP rang- omega-3 fatty acids in the serum, plasma, myocardium,
ing from 6 to 8 mmHg and DBP lowered by 4to 7 mmHg,  j4 adipose tissue [68,69].

with more significant reductions when analyzing only hy-

pertensive individuals. All trials had dosages ranging from Adverse effects: Fish oil is generally well-tolerated
300-600 mg/d. The 2016 meta-analysis by Reid included ~ at doses of 3-4 grams/day or less, however halitosis,
only double-blind, randomized control trials with either ~heartburn, dyspepsia, nausea, loose stools, and rash
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have been reported in clinical trials, with increased and peripheral (endothelium mediated) dilatory effects
incidence at higher doses [70,71]. The gastrointestinal in humans. The stimulant effects come from the
upset occurring with supplementation occurs in about compound theobromine, a methyl-xanthine found in
1.5% of patients, and nausea occurs in about 5% of cocoa [84]. Dilatory effects also stem from flavonols in
patients [72]. Taking supplements with meals or freezing  cocoa, which increase nitric oxide synthesis and exert
prior to ingestion seems to decrease these side effects anti-oxidant effects [85,86]. This can specifically be
for some patients [73]. Interestingly, supplementation attributed to the pro-cyanidin oligomers in flavonols,
can increase LDL cholesterol levels in some patients, which increase nitric oxide bioactivity in humans
however this increase does not seem to increase the [87]. Additionally, epicatechin and catechin produced
development of atherosclerosis [74]. There is some by flavonols exert anti-platlet effects by reducing
evidence that fish oil at doses greater than 3 g/day glycoprotein lIb/Illa expression [88].

may adversely affect immune function by suppressing
B-cell and T-cell function and reducing the production
of cytokines, therefore caution should be taken with
immunocompromised patients [75,76].

Pharmacokinetics: Cocoa polyphenols are absorbed
in the small intestine [89,90]. Flavonols and pro-cyani-
dins are produced from cocoa by the microbiome of the
colon, and reach maximum plasma concentrations two

Herb-drug interactions: While fish oil is not a hours after ingestion [85,89,91-93]. These byproducts
potent inhibitor of platelet function, concomitant use are conjugated by the liver and excreted in the urine
of fish oil may enhance the effects of anti-coagulants ~ proportional to intake [94,95]. Two to three percent of
or anti-platelet drugs, therefore this combination cocoa by weight contains the methyl-xanthine theobro-
should be closely monitored [77-80]. In addition, some  mine [96].

evidence suggests that oral contraceptives, such as Adverse effects: Cocoa is generally well-tolerated,
ethinyl estradiol, levonorgesterol, and norethindrone powever it may rarely cause allergic skin reactions,
may interfere with fish oil's BP lowering affects [81].  shakiness, diuresis, increased heart rate, and headaches
Finally, fish oil may reduce vitamin E levels, though the 97 98]. Gastrointestinal side effects include nausea,
mechanism is unknown [76]. abdominal discomfort, borborygmi, and flatus, and are

Rigor of the included meta-analyses: The review Mostly associated with dairy contained in some cocoa
by Appel included 6 un-blinded trials, and two trials Products [84,99]. Cocoa consumption may also provoke
in which participants were not randomly allocated to  SYMPtoms Of' gastroesophageal reﬂux Qisease (GERD)
treatment or control. The review by Houston in 2010 [100]. Due toiits frequent cor‘msumptjlon W't‘h sugar,thgre
does not comment on exclusion criteria [61]. The re- may also be concern for weight gain and increased risk

view by Campbell, et al. included only randomized, dou- of dental carries [101,102].

ble blind, cross-over trials with a washout period and Herb-drug interaction: Due to the byproduct epi-
paired analysis, and also assessed quality of blinding, catechins’ ability to block platelet glycoprotein Ilb/llla,
randomization, concealment, and loss to follow-up [58].  cocoa has anti-platelet effects, and should therefore
This review is therefore the most rigorous of trials, and ~ be used with caution in combination with anti-platelets
notably correlates with the least significant effect on and anti-coagulants [103]. Cocoa has hyperglycemic ef-

blood pressure, a SBP/DBP reduction of 2.5/1.5 mmHg. fects, and may therefore interfere with diabetic control
[102]. Theoretically, the methyl-xanthine caffeine-like

Cocoa properties of cocoa may slow clozapine metabolism by
Dosage: The most recent meta-analysis of cocoa’s 250 being degraded by cytochrome P450 enzyme 1A2
effect on hypertension contained 35 randomized con- (CYP1A2) [104,105]. Methyl-xanthine derivatives in high

trolled trials and found that cocoa reduces blood pres-  duantities may also inhibit dipyridamole vasodilation,
sure by 1.8 (-3.1, -0.4; p = 0.009) mmHg diastolic and and could therefore interfere with drug-induced stress

1.8 (-2.57, -0.94; p < 0.001) mmHg systolic in normo- tests [106,107].

tensive individuals at an average dose of 670 mg/day Rigor of the included meta-analyses: The meta-
for an average of 5.5 weeks [82]. Cocoa appears to have  analysis by Taubert, et al. in 2007 was statistically
the largest effect on pre-hypertensive, or Stage | hyper-  rigorous; 2 authors reviewed each of the studies, their
tensive individuals. In a meta-analysis of 5 studies with  methodologic quality was acceptable (Jadad scale score
pre-hypertensive (Stage | hypertensive) individuals had  of 8-10 out of 13), a funnel plot showed no publication
a systolic drop of 4.7 mmHg (-7.6,-1.8; p=0.002) and a  bias, sensitivity analysis identified 1 study with undue
diastolic drop of 2.8 mmHg (-4.8, -0.8 mmHg; p =0.006) influence, and Cochrane Q testing uncovered some
at a dose of 50-100 mg/day for a median duration of 4  inter-study heterogeneity [83]. All included studies were
weeks [83]. An overview of meta-analyses pertainingto  randomized controlled trials. This analysis importantly
cocoa, including several others not mentioned above is  found blood pressure reductions that were larger than
presented in Table 1. in other included meta-analyses. The review by Ried, et

Pharmacology: Cocoa has diuretic, cardiac stimulant, al. in 2010 [82] did not exclude any study on the basis of
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quality, resulting in 5/13 double-blind studies included, 5. Dwyer Johanna T, Michael J Smith (2018) Dietary supple-

however all trials had a control group [82] ments: Regulatory challenges and research resources. Nu-
' trients 10.
Conclusion 6. https://healthmetrics.heart.org/wp-content/
Due to the increasing prevalence of hypertension uploads/2017/10/Cardiovascular-Disease-A-Costly-
! Burden.pdf

and the inability of nearly half of patients to consistently
control their BP, there is a need for safe and effective
adjunctive therapies [1]. Nutraceuticals may be an
effective additive or primary intervention, due to their
relative ease of implementation. This review identified
3 commonly used dietary supplements (garlic, fish oil,
and cocoa) that have blood pressure lowering potential,
and provided practical information that practitioners

7. loannidis John PA (2018) Diagnosis and treatment of
hypertension in the 2017 ACC/AHA guidelines and in the
real world. JAMA 319: 115-116.

8. Mitka, Mike (2007) DASH dietary plan could benefit many,
but few hypertensive patients follow it. JAMA 298: 164-165.

9. Siervo Mario, Jose Lara, Shakir Chowdhury, Ammar Ashor,
Clio Oggioni, et al. (2015) Effects of the dietary approach
to stop hypertension (DASH) diet on cardiovascular risk

may use to guide which of these supplements may be factors: A systematic review and meta-analysis. Br J Nutr
appropriate for their individual patients. Based on his 113: 1-15.

reVN:eW, garlic appears to have the largest |mpa(.:t ON " 10.0za Rupal, Miriam Garcellano (2015) Nonpharmacologic
resting blood pressure. The meta-analyses available management of hypertension: What works? American
report average reductions in SBP e with from 6 to 8 Family Physician 91: 772-776.

mmHg and DBP from 4 to 7 mmHg, at a dosage of 300- 14 Kwan Mandy Wing-Man, Martin Chi-Sang Wong, Harry
600 mg/d. A review of the fish oil literature revealed Hao-Xiang Wang, Kirin Qi-Lin Liu, Catherine Lok-Sze Lee,
one rigorous meta-analysis containing only randomized, et al. (2013) Compliance with the dietary approaches to
double-blind, controlled trials (58). This meta-analysis sotﬁl%hgpertensmn (DASH) Diet: A systematic review. PLoS

identified a modest, but significant effect of fish oil
(3 g/d); average reductions were 2.6 mmHg for SBP  12.Rodrigues Marcela Perdomo, Luciana Kaercher John
and 1.5 mmHg for DBP [58]. The most rigorous meta- Dos Santos, Flavio Danni Fuchs, Sandra Costa Fuchs,

lvsis of di luati | . Leila Beltrami Moreira (2017) The effectiveness of an
analysis of 5 studies evaluating cocoa supplementation educational intervention for sodium restriction in patients

reported average reductions in SBP of 4.7 mmHg (-7.6, with hypertension: Study protocol for a randomized
-1.8; p = 0.002) and DBP of 2.8 mmHg (-4.8, -0.8; p = controlled trial. Trials 18: 347.
0.006.) in Stage-l hypertensive individuals at a dose of 13. Appel, Lawrence J, Edgar R Miller, Alexander J Seidler,

46-105 mg/d for a median of 4 weeks [83]. Paul K Whelton (1993) “Does Supplementation of Diet

hi id b df .. inf With ‘Fish Oil' Reduce Blood Pressure?: A Meta-Analysis
This guide may by used for practitioners to inform of Controlled Clinical Trials.” Archives of Internal Medicine

decisions regarding anti-hypertensive nutraceutical use 153: 1429—1438.

tailored toward the individual, by taking into consider- 14.Kumanyika SK, PR Hebert, JA Cutler, VI Lasser, CP

ation efficacy, adverse effects and drug-herb interac- Sugars, et al. (1993) Feasibility and efficacy of sodium
tions. Future work should continue to investigate the reduction in the trials of hypertension prevention, phase
long term effects of these and other BP lowering nutra- I. Trials of hypertension prevention collaborative research

ceuticals. Pharmaco-economic analysis of this approach group. Hypertension 22: 502-512.

is also needed. For a summary of the information pre- 15.Almeida André, Simone de, Claudia Bernardi, Isabel

sented in this article, and brief additional information Amelia Costa (2016) Factors determining non-adherence
regarding other potential antihypertensive nutraceuti- to hypertension treatment. Enfermeria Global 13: 27-39.
cals, see table 1 (Table 1). 16. Aykan DA, Aykan AC (2018) Factors associated with the
. concomitant use of cardiovascular drugs and dietary herbal
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