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SUMMARY

Many patients use herbal supplements to treat chronic cardiovascular condi-
tions and often combine herbal ingredients with cardiovascular medications.
However, physicians do not reliably elicit a history of herbal use from their
patients and may overlook herbal supplements’ adverse effects. Although
often considered harmless by patients, herbal supplements may cause ad-
verse cardiovascular effects from an herbal ingredient, a contaminant, or an
herb–drug interaction. Herbal stimulants, including bitter orange, ephedra, caf-
feine, guarana, maté, kola, areca, lobelia, khat, and others are the most com-
mon category of herbal therapies to cause cardiovascular effects. However,
dozens of other herbal ingredients have also been linked to adverse cardio-
vascular events. In addition to listed ingredients, herbal supplements may be-
come contaminated at a number of stages during production. Pesticides, heavy
metals, bacteria, and pharmaceutical agents have been detected in herbal
supplements. Supposedly “herbal” products that are adulterated with pre-
scription anorectics, antidepressants, diuretics, phosphodiesterase-5 inhibitors
along with other medications have been identified throughout Europe, North
America, and Asia. All of these adulterants have potential cardiovascular ef-
fects. Herbal interactions with a variety of cardiovascular medications may
also lead to adverse events. Herbal ingredients may cause pharmacokinetic as
well as pharmacodynamic herb–drug interactions. We review clinically rele-
vant patterns of adverse cardiovascular reactions to herbal supplements, and
we provide resources and recommendations for practicing cardiologists evalu-
ating patients with suspected herbal adverse effects.

Introduction

Herbal and botanical supplements are used by up to a
quarter of adults in the United States [1,2]. Many pa-
tients use herbal ingredients to treat chronic cardiovascu-
lar conditions [1] and often combine herbal supplements
with cardiovascular medications [3]. A thorough under-
standing of both the benefits and adverse effects of herbal
supplements is therefore essential for the practicing
cardiologist.

Herbal supplements are often considered harmless. In
the United States, for example, the regulatory frame-
work assumes that herbal ingredients are harmless, un-
less proven otherwise by the US Food and Drug Ad-
ministration (FDA). However, herbal supplements con-
tain pharmacologically active ingredients—after all, many

of our modern drugs have been derived from botanical
sources—and can cause both beneficial and adverse ef-
fects. In general, herbal supplements may be safer than
synthetic drugs, but each herbal supplement should be
evaluated on its own merits. What is most important is an
herbal supplement’s risk-benefit profile; if there is no or
little demonstrable benefit, even minor risks must weigh
heavily.

Patients may develop symptoms from a listed herbal
ingredient, a contaminant or a drug–herb interaction.
Unfortunately, the research of adverse effects of herbal
ingredients remains in its infancy. Few large random-
ized controlled trials have methodically assessed adverse
effects for the majority of herbal ingredients currently
available, so clinicians are left to rely on case reports, pas-
sive surveillance, and small clinical trials to guide their
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understanding of the safety of herbal ingredients. Using
the available evidence, we review common patterns of
herbal adverse reactions to assist cardiologists in caring
for their patients consuming herbal supplements.

Cardiovascular Adverse Effects
of Herbal Supplements

Herbal supplements commonly used to treat cardiovas-
cular symptoms and conditions may cause a variety of
adverse effects. Table 1 provides an overview of some of
these commonly used herbal supplements and their po-
tential adverse effects [4–6]. Even such a brief overview
demonstrates that herbal supplements can cause a wide
range of adverse effects, some quite serious.

Herbal stimulants are the most common category of
herbal ingredients to cause both cardiovascular symptoms
and cardiovascular adverse events. In 2004, ma huang
(ephedra), an herbal stimulant, was banned in the United
States after it was linked to dozens of cases of cardio-
vascular adverse events including myocardial infarction,
stroke, and death. However, a wide variety of herbal
stimulants remain available including bitter orange, caf-
feine, guarana, maté, kola, areca, lobelia, khat, and many
others.

Bitter orange—also referred to as Aurantii pericarpium,

Kijitsu, Shangzhou zhiqiao, Zhi qiao, Zhi shi, and Seville
orange—contains two adrenergic agents, synephrine and
octopoamine. Bitter orange often replaces ephedra in
many “ephedra-free” products [6]. At recommended
doses, bitter orange increases heart rate in healthy sub-

jects by more than 10 beats per minute, and when con-
sumed with caffeine, an ingredient often combined with
bitter orange, systolic and diastolic blood pressure of
healthy subjects increased by 10 mmHg and 9 mmHg, re-
spectively [7].

A report from the Canadian public health authority
suggests that these effects can be hemodynamically signif-
icant. Over an 18-month period, Health Canada received
15 reports of adverse cardiovascular events thought to be
caused by bitter orange, 10 of which were considered se-
rious including one case of myocardial infarction [8].

A wide range of other nonstimulant herbal ingredients
can also lead to cardiovascular adverse effects. Several
herbal ingredients have well-established cardiovascular
effects including licorice leading to a syndrome of miner-
alocorticoid excess (i.e., hypertension, sodium retention,
and hypokalemia) and acotine root leading to ventricular
arrhythmias. The following three examples demonstrate
some less common, but potentially life-threatening, ad-
verse effects of herbal supplements.

Several herbs are known to contain cardiac glyco-
sides and lead to digoxin-type toxicity including fox-
glove (Digitalis pupurea), oleander (Nerium oleander), and
squill (Urginea maritima) [6]. Herbs may also lead to
false–positive results of digoxin immunoassays [9]. A
26-year-old woman with an otherwise unremarkable
medical history had taken an herbal supplement for stress
relief. It was labeled as containing skullcap herb (Scutel-
laria lateriflora), wood betony herb (Pedicularis canaden-

sis), black cohosh root (Cimicifuga racemosa), hops flower
(Humulus lupulus), valerian root (Valeriana officinalis), and

Table 1 Examples of commonly consumed herbal supplements advocated for cardiovascular conditions and their adverse effects [4–6]a

Herb Condition Major adverse effect

Aloe vera (Aloe barbadensis) Hypercholesterolemia Diarrhea, potassium depletion

Bitter orange (Citrus auranticum) Obesity Hypertension

Ephedra (Ephedra sinica) Obesity Stroke, myocardial infarction

Fenugreek (Trigonella foenumgraecum) Hypercholesterolemia Diarrhea, hypoglycaemia

Garlic (Allium sativum) Hypercholesterolemia Inhibition of platelet function

Ginkgo biloba Claudication Bleeding

Ginseng, Asian (Panax ginseng) Diabetes Insomnia

Glucomannan (Amorphophallus konjac) Obesity Esophageal or gastrointestinal obstruction

Green tea (Camelia sinensis) Hypercholesterolemia Arrhythmias, increased heart rate

Guar gum (Cyamopsis tetragonologus) Hypercholesterolemia Esophageal or gastrointestinal obstruction

Guggul (Commiphora mukul) Hypercholesterolemia Headache, nausea

Horse chestnut (Aesculus hippocastanum) Venous insufficiency Antithrombotic effects

Maté (Ilex paraguariensis) Obesity Arrhythmias, increased heart rate

Policosanol Hypercholesterolemia Inhibition of platelet aggregation

Pomegranate (Punica granatum) Hypertension Angioedema

Psyllium (Plantago ovata) Hypercholesterolemia Esophageal or gastrointestinal obstruction

Red yeast rice (Monascus purpureas) Hypercholesterolemia Myopathy and rhabdomyolysis

aAll herbal supplements can cause allergic reactions.
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cayenne pepper fruit (Capsicum annuum) [10]. She ex-
perienced severe chest pain and was admitted to hos-
pital. Her only other medication was oral contraceptive
pills. Cardiovascular exam was initially normal, but dur-
ing monitoring she developed complete heart block with
blood pressure of 59/36 mmHg and a heart rate of 39
beats/min. Electrocardiogram revealed sinus arrest with
a slow junctional escape rhythm with flattened T-waves,
and serum digoxin concentration was 0.9 ng/ml. The in-
gredients listed in this herbal supplement did not include
any that are known to contain cardiac glycosides nor any
known to interfere with digoxin immunoassays. The au-
thors speculate that this combination of herbal ingredi-
ents may have had a digoxin-like effect that led to the
profound bradycardia, hypotension, and serum dioxin el-
evation.

Some herbal ingredients, such as licorice, are known
to induce hypertension. There are many others, such as
St John’s wort (Hypericum perforatum), in which the re-
lationship between the herb and hypertension is poorly
understood. St John’s wort can inhibit re-uptake of sero-
tonin and lead to hypertension as part of the serotonin
syndrome [6]. In addition, St John’s wort may lead to
hypertension via other mechanisms as demonstrated by
the case of a 41-year-old man taking St John’s wort for
7 days who experienced a hypertensive crisis with severe
disorientation after consuming aged cheese with red wine
[11]. On admission, his pulse was 115/min and his blood
pressure was 210/140 mmHg. His hypertension was con-
trolled with phentolamine and labetalol and his delirium
resolved within 2 h. He did not consume any other pre-
scription or nonprescription medications. An extensive
evaluation for delirium and secondary causes of hyper-
tension was negative. Hypericin is one of the active com-
ponents of St John’s wort and can act as a monoamine
oxidase inhibitor in vitro [6]. The authors posit that the
concomitant use of tyramine-rich foods with St John’s
wort may have led to the hypertensive crisis.

Contaminated and Adulterated Herbal
Supplements with Cardiovascular Effects

Cardiologists should become familiar with the most
commonly used herbal stimulants and other herbal
ingredients in their community and query all patients
presenting with cardiac symptoms about their use. How-
ever, this may be insufficient to detect all adverse effects
from herbal supplements.

In addition to containing listed ingredients, herbal sup-
plements may become contaminated at a number of
stages during production. Plant material contaminated
with pesticides or heavy metals might be collected [12],
or poor manufacturing practices may lead to contamina-

tion with bacteria or fungi [13,14]. In addition, an in-
creasing number of dietary supplements have been found
to be adulterated with active pharmaceutical products
[15].

In 2009 alone, the FDA identified “herbal” prod-
ucts that contain undeclared sibutramine, fluoxetine,
furosemide, bumetanide, sildenafil, tadalafil, vardenafil,
and other prescription medications [16–18]. Many of
these were dietary supplements adulterated with phar-
maceutical compounds and were marketed to lose
weight, improve athletic performance, or enhance sexual
satisfaction.

The pharmaceutical compounds found in such supple-
ments are often the same medications that are available
by prescription for treating these conditions. Following
their physicians’ advice that prescription medications are
unsafe for them, patients may turn to herbal supplements
as a safe option. However, patients might unknowingly
ingest precisely the pharmaceutical product they were at-
tempting to avoid. Serious drug–drug interactions with
cardiovascular medications could occur, for example, hy-
potension could develop in a patient using nitroglycerine-
based therapy if he also used a supplement adulterated
with a phosphodiesterase-5 inhibitor.

Furthermore, common and unusual side effects of
these adulterants might not be properly attributed to
the supplement. Since adulterants are not listed on the
label, carefully eliciting the history of supplement use
will not identify the causative agent. For example, a
26-year-old woman presented with 2 years of unex-
plained chest pain, palpitations, and insomnia before
a urine toxicology screen identified amphetamines and
benzodiazepines. Nonprescription diet pills she had been
consuming were analyzed and found to contain fenpro-
porex and chlordiazepoxide [19]. Fenproporex is con-
verted in vivo into amphetamine and can lead to a variety
of cardiovascular side effects [19].

Particularly concerning, novel chemical compounds,
often slightly modified versions or analogs of known
medications, are becoming more frequently identified
in “herbal” supplements [15]. For example, a hydroxyl
group is added to sildenafil to create the novel compound
hydroxyhomosildenafil [20]. The reason for the increas-
ing prevalence of analogs is not known. It is possible that
shoddy manufacturing techniques may be responsible for
some of these compounds, but it is more likely that many
are intentionally created in a misguided attempt to pro-
vide a specific pharmacologic effect while evading detec-
tion. Because these chemicals have never been studied
in humans, the adverse effects of these novel compounds
are completely unknown.

When contaminants are suspected due to either un-
usual symptoms or dramatic effects of an “herbal”
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Table 2 Examples of pharmacologic adulterants of “herbal” supplements with adverse cardiovascular effects

Advertised indication Pharmacologic contaminant Adverse cardiovascular effects

Weight loss Fenfluramine Valvular heart disease, pulmonary artery hypertension

Sibutramine, fenproporex Tachycardia, hypertension, palpitations, chest pain;

sibutramine increases risk of myocardial infarction and

stroke in patients with known coronary artery disease

Bumetanide, furosemide Hypotension, electrolyte abnormalities

Thyroxine Hyperthyroidism, tachycardia, hypertension, palpitations,

chest pain

Sexual enhancement Sildenafil, vardenafil, tadalafil Flushing, dizziness, palpitation, chest pain, hypotension;

tadalafil may cause hypertension

Analogs of phosphodiesterase inhibitors: acetildenafil,

hydroxyacetildenafil, hydroxyhomosildenafil,

piperidenafil

In vivo effects are unknown

Athletic performance

enhancement

19-norandrosterone, metandienone, stanozolol,

testosterone

Possible myocardial infarction and sudden deatha

aMany case reports have linked anabolic steroids to myocardial infarction and stroke, however, the causal relationship is unknown.

supplement, the supplement should be analyzed to iden-
tify possible contaminants. Table 2 provides examples of
common adulterants and their cardiovascular effects.

Cardiovascular Drug–Herb Interactions

Survey data suggest that 15% of patients using conven-
tional drugs also use herbal ingredients [21]. Therefore,
herb–drug interactions are potentially an important is-
sue for all clinicians, particularly in cardiology where the
therapeutic window of the prescribed medications is of-
ten narrow. Interactions between herbal and synthetic
medicines are based on the same pharmacokinetic and
pharmacodynamic principles as drug–drug interactions.
An important difference, however, is that herbal supple-
ments usually contain a multitude of pharmacologically
active ingredients, a fact that greatly increases the possi-
bilities of interactions.

Two types of interactions exist: pharmacokinetic
herb–drug interactions are caused by one medicine in-
terfering with the elimination, metabolism, or absorp-
tion of another medicine; pharmacodynamic herb–drug
interactions are due to two different medicines work-
ing in the same or in opposite directions, for exam-
ple, two agents independently having antihypertensive
effects. Based on their pharmacological actions, inter-
actions between herbal supplements and cardiovascu-
lar drugs are theoretically conceivable for a wide range
of medications [22] (Table 3). With many herb–drug
interactions, the precise mechanism is not fully un-
derstood. Clinically important pharmacokinetic interac-
tions may involve the cytochrome P-450 system, im-
paired hepatic or renal function, the P-glycoprotein

transmembrane pump, and other less well-understood
mechanisms [23].

Considering the popularity of herbal medicines, clin-
ically apparent herb–drug interactions seem rare; how-
ever, it is likely that many herb–drug interactions are
often unrecognized or unreported [24]. Case reports sug-
gest that interactions between herbal supplements and
cardiovascular drugs can have a range of clinical adverse
effects. For instance, the self-administration of panax gin-
seng was associated with International Normalized Ra-
tio (INR) changes in a patient on warfarin, both garlic
and gingko biloba have been reported to increase the ef-
fects of platelet inhibitors, and St John’s wort reduced the
effects of warfarin, digoxin, ivabiadine, nifedipine, vera-
pamil, talinold, simvastatin, and atorvastatin [25].

St John’s wort has led to acute transplant rejection
from herb–drug interactions [26]. In one case, a 63-year-
old orthotopic heart transplant recipient had been main-
tained on stable doses of cyclosporine, azathioprine, and
low-dose corticosteroids for 11 months. Cyclosporine lev-
els had been stable in the therapeutic range. The pa-
tient self-medicated with St John’s wort 300 mg three
times daily for mild depression. Three weeks later, he pre-
sented with fatigue. Laboratory evaluation revealed de-
creased cyclosporine levels and endomyocardial biopsy
revealed acute cellular transplant rejection. After stop-
ping St John’s wort, plasma cyclosporine levels returned
to the therapeutic range [26]. St John’s wort induces the
CYP3A system, which is likely responsible for its effect on
metabolism of cyclosporine [6].

Small studies have also demonstrated the potential
of adverse effects from herb–drug interactions with
patients receiving anticoagulation. In one example,
20 healthy volunteers were studied for 4 weeks [27].
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Table 3 Examples of potential interactions between commonly consumed herbal supplements and cardiovascular drugs [4–6]

Likely nature

Herbal supplement Usage Possible “interaction”/mechanism of action of effect

Aloe vera (Aloe barbadensis) Laxative, hypercholesterolemia With chronic use potentiation of cardiac glycosides

and/or antiarrhythmic drugs (loss of potassium)

I

Angelica or Dong quai (Angelica

sinensis)

Antitumour, antiinflammatory,

analgesic, antispasmodic

Increased effects of anticoagulants, calcium channel

blockers

A

Arnica (Arnica montana) Wound healing Decreased effects of antihypertensives and

anticoagulants

Anta

Bilberry (Vaccinium myrtillus) Disturbed night vision Increased effects of anticoagulants A

Bitter orange (Aurantii

pericarpium)

CNS stimulant, sympathomimetic Increased levels of dextromethorphan, felodipine, and

midazolam

Black cohosh (Actaea racemosa,

syn. Cimicifuga racemosa)

Postmenopausal symptoms Increased effects of antihypertensives and

lipid-lowering drugs, decreased effects of diuretics

A

Chamomile (Chamomilla recutita) Spasmolytic, antiinflammatory Increased effects of anticoagulants (coumarin contents) A, I

Chase tree (Vitex agnus castus) Menstrual symptoms Increased effects of beta-blockers and

antihypertensives

A

Chilli pepper (Capsicum spp.) Analgesic May interfere with antihypertensives I

Dandelion (Taraxacum officinale) Laxative, diuretic Increased effects of antihypertensives and diuretics A

Devil’s claw (Hapargophytum

procumbens)

Antiinflammatory Increased effects of anticoagulants and

antihypertensives

A

Ephedra, Ma huang (Ephedra

sinica)

CNS stimulant, sympathomimetic Cardiac glycosides guanethidine: enhanced

sympathomimetic effect

A

Fenugreek (Trigonella

foenum—graecum)

Hypercholesterolemia Increased effects of anticoagulants and lipid-lowering

drugs

A, I

Feverfew (Tanacetum

parthenium)

Prevention of migraine Increased effects of platelet inhibitors, anticoagulants A

Garlic (Allium sativum) Hypercholesterolemia Increased effects of anticoagulants, antiplatelet drugs,

warfarin, antihypertensives, lipid-lowering drugs

A, I

Ginger (Zingiber officinalis) Antiemetic Increased effects of platelet inhibitors, anticoagulants

and antihypertensives

A

Ginseng, Asian (Panax ginseng) Various, diabetes Increased INR with warfarin A

Goldenseal (Hydrastis canadensis) Antiinflammatory, antimicrobial Increased effects of antihypertensives, calcium channel

blockers and digoxin, may decrease effects of

anticoagulants

Anta, A

Green tea (Camellia sinensis) Various Increased INR with warfarin A

Hawthorn (Crataegus laevigata) Congestive heart failure Can increase hypotensive effects of nitrates and

antihypotensives and cardiac glycosides, risk of

arrhythmias with depolarising muscle relaxants

A

Horse chestnut (Aesculus

hippocastanum)

Venous insufficiency Increased effects of anticoagulants A, I

Licorice (Glycyrrhiza glaba) Gastric ulcers Potassium loss, e.g., with thiazide diuretics, increased

effects of cardiac glycosides, antihypertensives

A, I

Nettle (Urtica dioica) Diuretic, analgetic Increased effects of diuretics and antihypertensives A

Peppermint oil (Mentha x piperita) Irritable bowel syndrome Increased toxicity of cardiac glycosides A

Pumpkin seed (Curcubita pepo) Benign prostatic hyperplasia Increased effects of diuretics A

Red yeast (Monascus purpureus) Hypercholesterolemia Increased effects of lipid-lowering drugs A

Roman chamomile

(Chamaemelum nobile)

Antiinflammatory; digestive Increased effects with anticoagulants A

Senna (Cassia senna) Laxative Loss of potassium with chronic use; potentiation of

cardiac glycosides or antiarrhythmic drugs; calcium

channel blockers

I

Siberian ginseng (Eleutherococcus

senticosus)

Stimulant, tonic Elevation of digoxin levels A, I

St. John’s wort (Hypericum

perforatum)

Antidepressant Increased effects of digoxin; hepatic enzyme inducer

and increases the action of P-glycoprotein

A, I

A, additive effect; I, Inhibition; Anta, Antagonism; CNS, central nervous system; INR, International Normalized Ratio.

250 Cardiovascular Therapeutics 28 (2010) 246–253 c© 2010 Blackwell Publishing Ltd



P. A. Cohen and E. Ernst Safety of Herbal Supplements

During all four weeks they received warfarin and from
the second week onward they also received supplements
containing either American ginseng or placebo. Com-
pared with placebo, their INR and warfarin plasma levels
significantly decreased during ginseng intake. This sug-
gests a clinically relevant interaction between warfarin
and American ginseng, which might explain clinical com-
plications seen in patients taking the two simultaneously
[28].

Communication with Patients about
Herbal Supplements

It is often challenging to determine when a patient’s
cardiovascular symptoms are caused by herbal supple-
ments. For one, physicians infrequently obtain informa-
tion about patients’ herbal supplement use. In a survey
of over 4000 patients who used both supplements and
prescription medications, 69% of patients did not inform
their physician about their supplement use [2]. Similarly,
surveys of patients admitted to medical wards report that
three-quarters of admitting physicians were unaware of
their patients’ use of supplements [29,30].

Many factors contribute to the lack of communica-
tion about supplements. Patients report not informing
their physicians about supplement use because they be-
lieved that supplements are not relevant to their medi-
cal care, that their physicians would not understand, or
because their physician did not ask [29,30]. Simply ask-
ing if patients use supplements might not be enough.
Large discrepancies were found when results of question-
naires were compared to structured interviews. In one
study, only a third of patients reported supplement use
when completing questionnaires, while twice as many
reported using dietary supplements when the same pa-
tients completed comprehensive structured interviews
[31]. Because of the lack of communication between
providers and patients about herbal supplements, many
herb-induced adverse effects likely go undetected.

Resources for Clinicians

This article is intended to raise awareness and not serve as
a comprehensive overview of the risks of herbal supple-
ments. More comprehensive and authoritative texts are
available. Below we recommend an expert guideline as
well as several books, journal articles, and websites for
further reference.

Expert Guideline

The American College of Cardiology Foundation’s
(ACCF) Writing Committee to Develop an Expert Con-

sensus Document on Complementary and Integrative
Medicine published a report of their findings in 2005
[32]. The ACCF report is a comprehensive review of
many forms of complementary and alternative practices
and includes guidance on the use and adverse effects
of herbal medicinal products. The ACCF report reviews
adverse effects of herbs commonly used to treat car-
diovascular conditions as well as herb–drug interactions.
The recommendations in our article are concordant with
those proposed in the ACCF report.

Books and Articles

� Ulbricht C. Natural Standard Herbal Pharmacother-
apy: An Evidence-Based Approach. Mosby. 2009.
� Ernst E, Pittler MH, Wider B, Boddy K. The Desktop
Guide to Complementary and Alternative Medicine.
2nd edition. Edinburgh: Elsevier Mosby. 2006.
� Schulz V, Hänsel R, Blumenthal M, Tyler VE. Ra-
tional Phytotherapy: A Reference Guide for Physicians
and Pharmacists. Fifth Edition. Springer. 2004.

Websites

� National Institute of Health’s National Center for
Complementary and Alternative Medicine. http://
nccam.nih.gov/
� National Health Service Evidence—complementary
and alternative medicine. http://www.library.nhs.
uk/CAM/
� Natural Standard. http://www.naturalstandard.com
� Natural Medicines Comprehensive Database.
http://www.naturaldatabase.com

Conclusions

A large number of patients consume herbal supplements
that have both common and rare adverse effects. It is not
known, which of the many adverse effects described in
case reports and detected through passive surveillance
will eventually be confirmed after methodical research
has been completed, but currently there is a dearth of
research in the field and a great need for methodical in-
vestigation. Large gaps in our understandings of the ad-
verse effects of herbal supplements create many research
opportunities for the interested investigator.

In the meantime, cardiologists should ask all patients
focused questions about the use of herbal supplements;
provide available information to patients about potential
benefit as well as harm; consider herbal supplements as a
cause of unexplained symptoms; and consider herb–drug
interactions when a patient has atypical responses to pre-
scription medications.
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