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Preface 
 

The Agency for Healthcare Research and Quality (AHRQ) conducts the Effective Health 

Care Program as part of its mission to organize knowledge and make it available to inform 

decisions about health care. As part of the Medicare Prescription Drug, Improvement, and 

Modernization Act of 2003, Congress directed AHRQ to conduct and support research on the 

comparative outcomes, clinical effectiveness, and appropriateness of pharmaceuticals, devices, 

and health care services to meet the needs of Medicare, Medicaid, and the Children‟s Health 

Insurance Program (CHIP). 

AHRQ has an established network of Evidence-based Practice Centers (EPCs) that produce 

Evidence Reports/Technology Assessments to assist public- and private-sector organizations in 

their efforts to improve the quality of health care. The EPCs now lend their expertise to the 

Effective Health Care Program by conducting comparative effectiveness reviews (CERs) of 

medications, devices, and other relevant interventions, including strategies for how these items 

and services can best be organized, managed, and delivered. 

Systematic reviews are the building blocks underlying evidence-based practice; they focus 

attention on the strength and limits of evidence from research studies about the effectiveness and 

safety of a clinical intervention. In the context of developing recommendations for practice, 

systematic reviews are useful because they define the strengths and limits of the evidence, 

clarifying whether assertions about the value of the intervention are based on strong evidence 

from clinical studies. For more information about systematic reviews, see  

http://www.effectivehealthcare.ahrq.gov/reference/purpose.cfm  

AHRQ expects that CERs will be helpful to health plans, providers, purchasers, government 

programs, and the health care system as a whole. In addition, AHRQ is committed to presenting 

information in different formats so that consumers who make decisions about their own and their 

family‟s health can benefit from the evidence. 

Transparency and stakeholder input from are essential to the Effective Health Care Program. 

Please visit the Web site (http://www.effectivehealthcare.ahrq.gov) to see draft research 

questions and reports or to join an e-mail list to learn about new program products and 

opportunities for input. Comparative Effectiveness Reviews will be updated regularly. 

We welcome comments on this CER. They may be sent by mail to the Task Order Officer 

named below at: Agency for Healthcare Research and Quality, 540 Gaither Road, Rockville, MD 

20850, or by e-mail to epc@ahrq.hhs.gov. 
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Structured Abstract 
Background: A substantial proportion of patients with cardiovascular diseases use some form of 

complementary and alternative medicine that includes dietary supplements. This places them at 

risk for potential adverse events from supplement-drug interactions and nonadherence associated 

with polypharmacy. Further, addition of a dietary supplement to conventional cardiovascular 

drugs may confer benefit.   

Objectives: To examine the benefits, harms, and effects on cardiovascular drug 

pharmacokinetics, of co-administration of dietary supplements with cardiovascular drugs. 

Subgroup variability and evidence of statistical interactions between supplement and drug was 

also sought. Supplements were selected according to probability of co-administration with drugs. 

Data Sources: MEDLINE, EMBASE, the Cochrane Library, International Bibliographic 

Information on Dietary Supplements (IBIDS), and Allied and Complementary Medicine 

Database (AMED) were searched from inception to October 2010. We also reviewed grey 

literature.  

Study Selection: We followed a priori defined protocol. Two reviewers included English and 

German language records of experimental and observational studies.  

Data Extraction: One reviewer extracted data into a standardized electronic form, assessed 

study risk of bias, graded the strength of evidence and reported its applicability. For the gradable 

outcomes, the overall study risk of bias and their strength of evidence were independently 

verified. A random ten percent subset of data were also verified by another reviewer.  

Data Synthesis: 66 randomized controlled trials, 2 controlled clinical trials and 1 observational 

study contributed evidence. All analyses compared a supplement plus drug with the drug alone.  

With few small studies per supplement, evidence was insufficient for all gradable clinical 

efficacy and harms outcomes such as mortality, thrombotic events, serious adverse events, etc. 

One pragmatic trial showed no benefit from co-administering vitamin E with aspirin on the 

composite cardiovascular outcome. Evidence for most intermediate outcomes of efficacy was 

insufficient or of low strength suggesting no effect. Findings of note were incremental benefit of 

omega-3 fatty acid supplementation in improving triglyceridemia; INR stabilizing effect of 

vitamin K when added to warfarin therapy; garlic‟s potential benefit in improving HDL 

cholesterol, and reduction in myalgia by addition of coenzyme Q10 to statin therapy. Clinically 

non-significant or otherwise inconclusive changes were noted for pharmacokinetic outcomes.        

Limitations: The evidence base was principally under-powered, short term studies in selected 

populations, generally with moderate risk of bias.  

Conclusions: The evidence base consists of a small number of biased underpowered studies 

precluding meaningful conclusions across most supplement-drug combinations. Evidence of low 

strength points to benefit of omega-3 fatty acids, vitamin K, coenzyme Q10, and garlic co-

administration on specific intermediate outcomes. Safety concerns, however, persist. 
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Executive Summary 

Background 

The American Heart Association estimates that more than 81 million American adults (one-

third of all American adults) have at least one form of cardiovascular disease (CVD).
1
 CVD is 

broadly defined to include all the disorders of the arterial system including the heart and 

coronary arteries, the arterial supply to the brain, and the peripheral arterial system, manifesting 

for example, as hypertension, angina, myocardial infarction (MI), heart failure, stroke and 

transient ischemic attacks (TIA), and intermittent claudication or blockage. While there has been 

progress in the control of CVD, it demands huge investments from the health care system and 

represents great burdens and lost opportunities for individuals, families and society overall.  

In addition to lifestyle and dietary recommendations, front line treatment for prevention and 

treatment of CVD is primarily pharmaceutical, with patients requiring on average 6.3 

concomitant prescription drugs, from on average 5.9 different drug classes, for primary and 

secondary prophylaxis of the disease itself and management of associated comorbidities.
2-4

 

Complementary and alternative medicine (CAM) refers to preventive and therapeutic 

modalities not generally considered to be part of conventional medicine,
5
 including dietary 

supplements (DS). CAM utilization has increased dramatically in North America over the past 

decades in both the general and CVD populations.
6,7

  

The National Health Interview Survey (NHIS) indicated that a total of $34 billion in annual 

out-of-pocket expenditures was spent on CAM in 2007.
8
 Estimates suggest that approximately 

one-third to nearly two-thirds of people suffering from heart failure or other cardiovascular 

disease use some form of CAM that includes DS, and are thus placed at risk for potential adverse 

events from interactions with other pharmacologically active agents, and nonadherence 

associated with polypharmacy.
7,9-13

With compromised physiology due to ageing, the elderly are 

most vulnerable to adverse events of any drug interaction. On the other hand, addition of a DS to 

conventional cardiovascular drugs may confer benefit. Evidence of both benefit and harms of 

adding a DS to cardiovascular (CV) drugs have been reported.
6,14

  

Incorporation in clinical practice of knowledge regarding the impact of concomitant use of 

CVD medications and DSs requires access to reliable drug-supplement information, as well as a 

commitment to documentation by clinicians.
15,16

While much more research and data are 

available describing drug-drug interactions in various populations, the evidence for drug-

supplement interactions or simply add-on supplement effect is unclear, especially in the CVD 

populations. 

Objectives 

The objective of this comparative effectiveness review was to systematically synthesize and 

grade the strength of evidence of benefit and harms of adding a dietary supplement to 

cardiovascular drugs routinely prescribed in the outpatient settings. A related objective included 

assessment of whether the altered outcomes of efficacy and/or effectiveness and harms are a 

result of a simple add-on effect of dietary supplements or their complex interactions with 

cardiovascular drug. DS-drug interactions were examined by investigating evidence of statistical 

and pharmacokinetic interactions. These objectives were framed in the following Key Questions 

(KQ): 
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In adults taking cardiovascular drugs, what are the effects of concomitant use of specific 

dietary supplements (when compared with cardiovascular drugs alone or cardiovascular drugs 

and a different dietary supplement[s]) on: 

KQ 1 
-clinical cardiovascular effectiveness/efficacy outcomes (e.g., mortality and specific 

cardiovascular or cerebrovascular conditions such as myocardial infarction [MI] and stroke)? 

a) Do the effect estimates of clinical cardiovascular outcomes vary by age, ethnicity, 

gender, or health status? 

b) Is there a measurable interaction between cardiovascular drugs and dietary 

supplements for clinical cardiovascular outcomes? 

KQ 2 
-intermediate cardiovascular efficacy outcomes (e.g., lipids, blood pressure, 

electrocardiographic measurements, serum markers, bleeding, and coagulation times)? 

a) Do the effect estimates of intermediate cardiovascular outcomes vary by age, ethnicity, 

gender, or health status? 

b) Is there a measurable interaction between cardiovascular drugs and dietary 

supplements for intermediate cardiovascular outcomes? 

KQ 3 
-clinical or intermediate harms outcomes (e.g., organ toxicity, serious adverse events, 

withdrawal due to adverse events)? 

a) Do the effect estimates of harms outcomes vary by age, ethnicity, gender, or health 

status? 

b) Is there a measurable interaction between cardiovascular drugs and dietary 

supplements for harms outcomes? 

KQ 4 
-pharmacokinetic outcomes (e.g., t1/2, area under the concentration curve [AUC]) of 

cardiovascular drugs of interest? 

a) Do the effect estimates of pharmacokinetic outcomes vary by age, ethnicity, gender, or 

health status? 

b) Is there a measurable interaction between cardiovascular drugs and dietary 

supplements for pharmacokinetic outcomes? 

Analytic Framework 

The expectation behind coadministration of a dietary supplement with prescription CV drugs 

is improvement in the disease process (or its prevention) and reduction in harms related to 

cardiovascular drugs. These effects might come about through either an add-on effect of a DS, or 

biologic interaction of it with a CV drug. Outcomes with which these effects are measured may 

be clinical, their proxy surrogates or pharmacokinetic. The analytic framework below depicts the 

causal pathways forming the basis of the key questions (Figure ES-1).
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Figure ES 1.Analytical framework of dietary supplement coadministration with routinely 
prescribed cardiovascular drugs 

 

KQ2 a & b 

KQ4 a & b 

KQ3 a & b 

                                                 Adults 

 

 

Target population 

Adults taking cardiovascular drugs 

commonly used in outpatient 

settings 

Dietary supplements 

Clinical outcomes 

Mortality    Peripheral vascular (arterial) disease 
Ischemic heart disease  CVD surgery and procedures 
Arrhythmias   Quality of life 
Other heart disease  Others 
Nonfatal cerebrovascular disease 

Harms 
Pharmacokinetic outcomes 

Intermediate outcomes/Biological effects 
Lipids    ECG measurements  
Blood pressure   Other diagnostic tests 
Other serum markers 

 Abbreviations: CVD = cardiovascular disease; ECG = electrocardiography; KQ = Key Question. 

Methods 

Input From Stakeholders 

We formulated the population, intervention, comparator, and outcome (PICO) analytic 

framework and key questions in consultation with the Key Informants during a topic refinement 

stage. The Key Informants included clinicians (e.g., cardiologists, naturopathic doctors, clinical 

pharmacology specialist, and nutritionist), a consumer advocate, and systematic review research 

methodologists. The public was invited to provide comments on the key questions. During the 

review process, we followed an a priori research protocol developed with the clinical and 

methodological input of a technical expert panel of specialist clinicians and/or methodologists 

(TEP). The protocol followed Effective Healthcare Program‟s Methods Guide for Effectiveness 

and Comparative Effectiveness Reviews.
17

 

KQ1 a & b 
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Data Sources and Searches 

We developed peer-reviewed search strategies (Appendix A) and searched the following 

electronic databases from inception to October 26, 2010: MEDLINE, EMBASE, the Cochrane 

Library (CENTRAL, CDSR, DARE, and HTA), International Bibliographic Information on 

Dietary Supplements (IBIDS), and Allied and Complementary Medicine Database (AMED). We 

also searched trial registries (e.g., ClinicalTrials.gov, Current Controlled Trials, Clinical Study 

Results, World Health Organization Clinical Trials), the Cambridge Scientific Abstracts 

Conference Papers Index, and Scopus. Additional references were identified by scanning 

bibliographies of relevant systematic reviews, clinical trials. We also contacted Technical Expert 

Panel (TEP) members and the Scientific Resource Centre (AHRQ). 

Study Selection  

Two reviewers screened titles, abstracts and full-text reports, with conflicts resolved by 

consensus or third party adjudication. A primary study was eligible if it was published in English 

or German and: 

 examined a dietary supplement coadministered with a cardiovascular drug(s) against the 

drug alone or coadministered with another supplement and reported clinical or surrogate 

cardiovascular efficacy and harms or pharmacokinetic outcomes in any adult population  

 evaluated use of a dietary supplement intended for ingestion as pill, capsule, tablet, 

powder or liquid form and was either coenzyme Q10, Echinacea, garlic, ginger, Gingko biloba, 

Panax ginseng and American ginseng, hawthorne, oral magnesium, niacin (at most 250 mg/day), 

omega-3 fatty acids/fishoils, red yeast rice extract, resveratrol, vitamin A, vitamin D with or 

without calcium, vitamin E, or vitamin K  

 was a comparative experimental and observational study with an independent (concurrent 

or historical) control group including at least five participants. For KQ 4, studies employing 

participants as their own control were also eligible (a post hoc decision).  

We restricted to those cardiovascular drugs that were commonly used in the outpatient 

settings (Table 1 in Introduction within main body of report). Because of the unmanageable 

scope of the review, we restricted to the list of dietary supplements outlined above after 

extensive discussions with the TEP and referring to surveys of the general and cardiovascular 

populations in the Unites States.
7,18-23

Good quality English language systematic reviews on topic 

were also eligible. However, a systematic review was to replace denovo synthesis of evidence 

only when it was deemed to be current obviating the need to update it. Studies included after full 

text screening were removed from data synthesis because of one or more of the following 

reasons: 

 cardiovascular drug(s) that were not all taken by 100 percent or the majority (at least 80 

percent) of participants in randomized controlled trials – including such studies would have 

severely limited applicability of evidence. 

 the non-randomized controlled trial or observational study reported effect estimates that 

were not reflective of a supplement plus drug(s) versus drug(s) alone (or plus another 

supplement) comparison. 

 no relevant outcome was reported in the study or outcomes data were not obtained from 

authors 
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 the design of the study was lower in the hierarchy of evidence, and did not meaningfully 

add (for example, by not being a longer-term pragmatic study) to the already included evidence 

from a higher study design category 

 studies included CV drugs not marketed in the US  

 administration dose and/or frequency of the dietary supplement was not quantified  

Data Extraction and Risk of Bias Assessment 

One reviewer extracted relevant data from each study and a second reviewer independently 

verified data for a 10 percent random sample of studies. Extraction items included general study 

characteristics (e.g., year of publication, study design), population characteristics (e.g., 

inclusion/exclusion criteria, age, race, level of activity, condition), intervention characteristics 

(e.g., dose, duration, details about comparators, level of care), and outcomes (i.e. clinical and 

surrogate outcomes of efficacy and harms, and pharmacokinetic outcomes) with their estimates. 

During the data extraction process, one reviewer with clinical background rated study 

populations‟ 10-year coronary heart disease (CHD) risk according to the National Cholesterol 

Education Program Adult Treatment Panel III (NCEP, ATP III) guidelines.
24

  

We assessed study risk of bias according to outcome, using generic items for confounding 

and various types of bias (e.g., selection, performance, detection and attrition bias) separately for 

each study design. Selected items from the McMaster Quality Assessment Scale of Harms were 

also incorporated into the risk of bias assessment for harm-related outcomes.
25

 Certain criteria 

were specific to particular study designs (e.g., allocation generation and concealment applied 

only to RCTs). For gradable outcomes, we rated (as low, moderate or high risk) the overall risk 

of bias for the study and another reviewer independently verified the assessment. Outcomes were 

rated as high risk of bias if there was an apparent and major flaw in the study that would 

invalidate results. Methodological quality (good, fair, or poor) of included systematic reviews 

was assessed across 11 domains using the AMSTAR tool.
26

 Appendix C provides the detailed 

individual study data and risk of bias ratings.  

Grading the Strength of the Body of Evidence and Applicability 

The strength of a body of evidence was graded based on the following four domains per 

previously published guidance: overall risk of bias by outcome, consistency, directness, and 

precision.
27

A methodologist and a content expert graded the strength of the body of evidence as 

“High,” “Moderate,” “Low,” or “Insufficient.” Gradable important outcomes were identified a 

priori for each key question (Table ES-1).  
 

Table ES 1. A priori outcomes for grading the strength of evidence 

Key 
Question 

Outcomes 

1 Mortality (all-cause and vascular death), myocardial ischemic events (fatal myocardial infarction, 
nonfatal myocardial infarction, unspecified myocardial infarction, and acute coronary syndromes), 
cerebrovascular events (hemorrhagic / ischemic / unspecified stroke), quality of life, hospitalization, 
arrhythmia, and clinical outcomes of peripheral arterial disease. 

2 Blood pressure (systolic and diastolic), lipid profile (low density lipoprotein, high density lipoprotein, and 
non–high density lipoprotein cholesterol; and triglycerides), international normalised ratio for coumarin 
derivatives, incidence of metabolic syndrome, and change in 10-year Framingham risk profile.  

3 Serious adverse events (composite outcome according to the Food and Drug Administration definition 
of serious adverse events),

28
 withdrawal due to adverse events, clinical bleeding (intracranial, 

gastrointestinal, genitourinary, subretinal, etc.), renal dysfunction (e.g., proteinuria, elevated creatinine, 
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need for transplant, glomerular filtration rate), hepatotoxicity (elevated enzymes or fulminant failure), 
and QT prolongation. 

4 Area under the plasma cardiovascular drug concentration-time curve (AUC), maximum drug 
concentration (Cmax), drug half-life(t1/2), and oral clearance.  

 

Strength of evidence was graded insufficient when there was no evidence for an outcome, 

when direction of estimates were inconsistent between studies without an identifiable cause, or 

when the confidence interval was wide or imprecise enough to incorporate both the possibility of 

clinically meaningful benefit as well as harms. In other words, it is possible that there is some 

true benefit or harm of supplement in combination with a CV drug as opposed to the drug alone. 

We followed previously published guidance, and summarized the determinants of 

applicability of the body of evidence for outcomes with conclusive results.
29

  

Data Synthesis and Analysis 

All analyses compared the combination of dietary supplement plus cardiovascular drug with 

cardiovascular drug alone, or plus placebo, or plus another dietary supplement. Meta-analyses 

were carried out when there was clinical and methodological homogeneity or unexplained 

statistical heterogeneity. For pharmacokinetic outcomes, we followed the Food and Drug 

Administration (FDA) guidance for analysis and interpretation of drug interaction studies – i.e. 

the zone of bioequivalence is recommended to be between the lower and upper bound of the 90 

percent geometric mean ratio (GMR) confidence interval (CI) of 0.8 and 1.25.
30

  

We did not pool experimental and observational studies together, but did pool parallel with 

valid crossover randomized trials. 

Relative risk (RR) and mean differences were meta-analyzed using the DerSimonian and 

Laird random-effects model,
31

and Peto odds ratios were calculated when event rates were less 

than1 percent.
32

 For studies with zero events in some arms or sparse data overall, we pooled 

using the fixed effects Mantel-Haenszel method without continuity correction.
33

 Studies with 

zero events in both arms were excluded from meta-analysis.
32

Where applicable, we examined 

statistical heterogeneity by calculating synergy index.
34

 Statistical heterogeneity was assessed 

using Cochran‟s Q (α=0.10) and the I
2
 statistic.  

 

Results 

Overview 

The PRISMA flow diagram shows the number of records screened and included (Figure 

ES-2).  
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Figure ES 2. PRISMA flow chart of study identification, screening, eligibility and inclusion
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Records screened by title after removing 
duplicates 

(n = 32,314) 

Records screened by 
title/abstract 
(n =11,959) 

Records excluded 
(n = 20,355) 

Full-text articles assessed for 
eligibility 

(n = 1,844) 
English records =(n = 1,797) 

German records (n = 68) 

Full-text articles excluded, with 
reasons (n = 1,718) 
--No dietary supplement/ no relevant 
dietary supplement (n = 932) 
--No relevant population (n = 418)  
--Irrelevant study design (n = 353) 
--Not a relevant language (English SR 
or English/ German primary study) (n 
= 15)  

Total included (all English 
Records)  
(n = 168) 

Primary Studies included in 
quantitative synthesis (meta-

analysis) 
(n = 22) 

Records identified by all other 
searches combined 

(n=38,984) 

Records excluded  
(n = 10,035) 
Excluded by language: 
English & German (n = 7,146) 
--Chinese (n = 562) 
--Russian (n = 488) 
--French ( n = 553) 
--Italian (n= 242) 
--Japanese (n = 241) 
--Other (n = 803)  

Reference list 
checking (n = 31) 

Gray literature 
search (n = 83) 

Duplicates 
Removed 
(n=8,363) 

Full text not 
available to date 

(n = 40) 

Records included in the 
synthesis of evidence 

(n=80 (69 primary studies)) 

Excluded from synthesis of evidence with 
reason (n = 88): 
--CVD drugs taken by less than 80% of 
population (n = 76) 
--No outcome of interest (n = 4) 
--Systematic review -not current (n = 1) 
--CVD drug not marketed in US (n = 2) 
--Dose of supplement not stated (n = 1) 
--Data could not be obtained (n = 1) 
-- Higher level of evidence from RCTs was 
available—observational studies (n = 1) 
--Other (n = 2) 
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In total, 32,314 records were identified by searches of databases and screened for 

eligibility. Sixty nine unique English language studies, including one observational design, 

contributed evidence. We found no relevant unique German publications. 

Table ES-2 shows the most relevant risk of bias criteria for the included randomized or 

controlled clinical trials (n=68). 

Table ES 2. Risk of bias criteria and conflict of interest 

All RCTs and CCTs % of total studies (N=68) 

Items Yes No Unclear 

Adequate generation of allocation sequence  25.0 1.5 73.5 

Allocation concealment  7.4 0.0 92.6 

Comparability of groups 25.0 8.8 66.2 

Blinding of allocated intervention 19.1 26.5 54.4 

Freedom from potential for conflict of interest 26.5 27.9 45.6 

 

KQ1. Clinical cardiovascular effectiveness/efficacy of 
cardiovascular drug(s) plus supplement versus drug plus placebo, 
no supplement, or another supplement? 

 

TableES 3. Evidence for the gradable KQ 1 outcomes with data* 

Item Supplement/Drug Conclusion 

Insufficient 
strength of 
evidence 

  

All-cause 
mortality 

Coenzyme Q10/ACE inhibitors 
Ginkgo biloba/antiplatelet agents  
Omega-3 fatty acids/statins or aspirin or 
warfarin or fenofibrate;  
Vitamin K/coumarin derivative  

Single underpowered studies per 
combination precluded meaningful 
conclusions. For vitamin K/coumarin, two 
small trials reported three deaths 

Quality of life Coenzyme Q10/ACE inhibitors Single underpowered study precluded 
meaningful conclusions 

Myocardial 
infarction 

Oral magnesium/beta-blockers 
Omega-3 fatty acids/aspirin+calcium 
channel antagonists  

Single underpowered studies per 
combination precluded meaningful 
conclusions 

Arrhythmia  omega-3 fatty acids/statins Single underpowered study precluded 
meaningful conclusions 

Stroke  Vitamin E/aspirin; vitamin K/coumarin  Single underpowered studies per 
combination precluded meaningful 
conclusions for vitamin E/aspirin 
combination.  
For vitamin K/coumarin, two 
underpowered trials contributed evidence  

Ischemic stroke, 
hemorrhagic 
stroke and TIA 

Vitamin E/aspirin Single underpowered study precluded 
meaningful conclusions.  

 

Note: *evidence was “insufficient” for all outcomes, so applicability is not presented 
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Twenty-two randomized controlled trials contributed evidence.
35-56

 No data was available 

from observational studies. With no data, strength of evidence was graded insufficient for the 

outcomes of hospitalization and peripheral arterial disease across all supplement-cardiovascular 

drug(s) combinations. No evidence on outcomes of clinical efficacy/effectiveness was found for 

Echinacea, garlic, ginger, ginseng, hawthorne, supplemental doses of niacin (not more than 250 

mg/day), red yeast rice extract, resveratrol, vitamin A, and vitamin D (with or without calcium) 

supplementation coadministered with a cardiovascular drug. A paucity of studies of supplement-

drug combinations for which data was available precluded exploration of heterogeneity in terms 

of pre-identified subgroups. No study analyzed statistical interaction between a supplement and a 

cardiovascular drug on clinical outcomes.  

Generally, across all combinations of dietary supplement and cardiovascular drugs, the 

strength of evidence of the gradable outcomes of comparative efficacy or effectiveness was 

graded insufficient because type II error could not be excluded due to low statistical power of 

mostly short-term efficacy trials with strict inclusion criteria excluding patients with 

uncontrolled comorbidities and acute ischemic events. Specifically, insufficient evidence was 

found for the effect of coenzyme Q10 coadministered with angiotensin-converting enzyme 

(ACE) inhibitors on all-cause mortality and quality of life in mostly male patients with left 

ventricular dysfunction presenting at a specialty center;
54

 Ginkgo biloba plus aspirin and/or 

pentoxyphilline on all-cause mortality in South Asians with previous stroke;
48

 oral magnesium 

and β-blockers on myocardial infarction in hypertensives with no comorbidities;
42

 omega-3 

fatty acids/fish oils plus statins on all-cause mortality in healthy individuals and arrhythmia in 

highly selected dyslipidemic patients;
35,40

 omega-3 fatty acids/fish oils plus aspirin, warfarin 

or fenofibrate on all-cause mortality in patients with unclear to high 10 year CHD risk;
47,56

 

omega-3 fatty acids/fish oils plus aspirin and calcium channel antagonist on acute 

myocardial infarction in high risk patients;
51

 vitamin E plus aspirin on stroke and transient 

ischemic attacks in 100 highly selected patients with previous neurologic deficit;
49

 and vitamin 

K plus coumarin derivatives on all-cause mortality, stroke and myocardial infarction in 

selected groups of patients anticoagulated for a period of 9 months to a year (Table ES-3).
39,41

 

No differences in adherence (assessed by pill counting) to statins were noted with co-

administration of coenzyme Q10, omega-3 fatty acids, and vitamin E with statins. Adherence 

rates were consistently greater than 90 percent in both drug plus supplement and drug alone 

groups in patients with self-reported myalgia, highly selected patients with dyslipidemia, and 

dyslipidemic patients with normal triglyceride.
36,44,46,53,57

 No meta-analysis could be undertaken 

because adherence data by treatment groups were not reported. Conflicting evidence supporting 

benefit of omega-3 fatty acids added to conventional antiplatelet therapy and calcium 

channel antagonists on rates of restenosis following successful coronary angioplasty may be 

explained by differences in study population, design, and treatment.
51,52

 When 3.2 grams 

eicosapentaenoic acid was taken daily along with therapeutic doses of aspirin, dipyridamole, and 

calcium channel antagonists by 82 highly selected male patients, significantly lower rates of 

restenosis (at least 50 percent reduction in diameter) were observed compared with CV drug 

alone (RR 0.40, 95 percent CI, 0.20, 0.82); however, the mean percentage reduction in luminal 

diameter was not significantly different between the two groups.
52

 No differences were noted in 

rates of restenosis when a similar but lower quality trial was conducted in 107 South Asians in 

India.
51

 The differences in rates of restenosis could be explained by differences in study 

populations, and trial details. In the Indian trial dipyridamole was not among the CV drugs, and 

selection bias arose because followup angiography was only in only symptomatic patients, . 
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Underpowered studies addressed all other outcomes such as exacerbation of congestive 

heart failure, number of patients undergoing cardiac procedures, graft occlusion, neurologic 

recovery score, coronary vasospasm, and number of angina attacks for various dietary 

supplement and cardiovascular drug combinations. Most studies were short-term efficacy trials, 

except one pragmatic trial on 19934 women randomized to 600 IU of vitamin E plus 100 

mg/day of aspirin versus aspirin alone for 10 years. In this trial, no significant differences were 

noted for the composite outcome of nonfatal myocardial infarction, nonfatal stroke, and vascular 

death (relative risk [RR] 0.95 [95 percent confidence interval (CI) 0.79, 1.13]).
38
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KQ2. Intermediate cardiovascular efficacy outcomes of 
cardiovascular drug plus supplement versus drug plus placebo, 
no supplement, or another supplement? 

 

Table ES 4. Evidence for the gradable KQ 2 outcomes with data 

Gradable 
outcomes 

Dietary supplement / 

CV drug(s) 

Conclusion Applicability 

Low strength of 
evidence 

   

Lipid profile Garlic/Nitrates In favor of combination 
for HDL-C and TC (1 
study) 

Participants at high CHD risk treated for 
12 wks (gender and age unknown) 

Lipid profile Omega-3-fish 
oil/Statins 

No difference for: 

HDL-C (6 studies 
pooled); 

LDL-C (5 studies 
pooled); and achieving 
their thresholds (1 
study) 

Mean age: 45-63 y, 

mixed gender with 

Mixed CHD risk treated for up to 25 wks 

Lipid profile Omega-3-fish 
oil/Calcium Channel 
Blockers/ Aspirin 

No difference for HDL-
C (1 study) 

In favor of combination 
for TG (1 study) 

Mean age: 57 y, 

85% males with high CHD risk 

treated for up to 6 wks 

Lipid profile Omega-3-fish 
oil/Calcium Channel 
Blockers/ Aspirin/ 
Dipyridamole 

No difference for HDL-
C (1 study) 

In favor of CV drug 
alone for LDL-C (1 
study) 

In favor of combination 
for TG (1 study) 

Mean age: 56 y 

100% males with high CHD risk 

Up to 12 wks treatment 

Lipid profile Vitamin E/Nifedipine In favor of combination 
for LDL-C (1 study), 

TC (1 study) and 

TG (1 study) 

Elderly, mixed gender 

High CHD risk 

12 wks treatment 

Blood pressure Omega-3-fish 
oil/Statins 

In favor of combination 
for SBP (1 study) 

No difference for DBP 
(1 study) 

Mean age: 45-63 y, mixed gender with 
mixed CHD risk treated for up to 25 wks 

Blood pressure Omega-3-fish 
oil/Statins 

No difference 

(1 study) 

Mean age: 45-58 y 

Mixed gender 

Unclear CHD risk 

Up to 25 wks treatment 

Proportion of 
participants with 
improved INR 

Vitamin K/ 
Anticoagulants 

In favor of combination 

(2 studies) 

Elderly (58-86 y) 

mixed gender 

unclear or high CHD risk 

25 wks treatment 
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Insufficient 
strength of 
evidence 

Conclusion 
 Inconclusive ( type II error or inconsistent direction of estimates)  

Lipid profile 

Coenzyme Q10/Statins; Coenzyme Q10/Fenofibrate; Garlic/Warfarin; Garlic/Statins/Aspirin; 
Gingko biloba/Aspirin; Magnesium/ Hydrochlorothiazide; Omega-3-fish oil/Fenofibrates; 

Omega-3-fish oil/Calcium Channel Blockers; Omega-3-fish oil/Niacin/Aspirin; Omega-3-fish 
oil/Aspirin; Vitamin E/Gemfibrozil; Vitamin E/Statins 
 
Only specific lipid(s) 

 
TG 
Niacin/Propranolol; Garlic/Nitrates; Omega-3-fish oil/ACE inhibitors; 
Magnesium/Hydrochlorothiazide; Magnesium/Beta-Adrenergic Antagonists; Vitamin E/ 
Antiplatelet Agents  
 
 LDL-C and TC 
Omega-3-fish oil/Calcium Channel Blockers/Aspirin (LDL-C and TC) 
 
TC 
Omega-3-fish oil/ Calcium Channel Blockers/Aspirin/ Dipyridamole  
 
HDL-C 
Vitamin E/Nifedipine  

Blood pressure  

Garlic/Warfarin; G. biloba/Aspirin; G. biloba/Antiplatelet thienopyridines; G. biloba/Cilostazol; 
Magnesium/ Hydrochlorothiazide; Magnesium/Beta-Adrenergic Antagonists; Omega-3-fish 
oil/Aspirin; Omega-3-fish oil/Beta-Blockers; Vitamin E/Furosemide; Vitamin E/ Nifedipine; 
Vitamin E/Gemfibrozil  

INR 
Echinacea/Warfarin; Garlic/Warfarin; Ginger/Warfarin; G. biloba/Warfarin; Ginseng/Warfarin; 
Omega-3-fish oil/ Warfarin 

INR (% time 
below/above 
therapeutic range) 

Vitamin K/Anticoagulants 

QT prolongation Vitamin E/Statins 

 

Fifty-seven RCTs and two non-RCTs were included and reviewed for this key question.
58,59

 

No relevant observational study was identified. For the majority of RCTs, the generation of 

allocation sequence (78 percent) and allocation concealment (93 percent) were unclear. In about 

20 percent of studies, participants, healthcare providers, or outcome assessors were blinded to 

treatment allocation. This information was not clear for about 56 percent of the studies. The 

dietary supplements used in these studies were co-enzyme Q10 (5 studies), Echinacea (1 study), 

garlic (4 studies), ginger (1 study), Ginkgo biloba (5 studies), ginseng (3 studies), hawthorne (1 

study), magnesium (3 studies), niacin (1 study), omega-3 fatty acids/fish oil (23 studies), vitamin 

E (11 studies), and vitamin K (2 studies). The following CV drugs or drug classes were used 

across the studies: statins, calcium channel blockers, niacin, angiotensin-converting enzyme 

(ACE) inhibitors, aspirin, thienopyridine antiplatelets, beta-blockers, anticoagulants, 

fenofibrates, cilostazol, diuretics, or nitrates. Study participants in most studies had mixed (low 

and/or moderate) or unclear CHD risk (27.1 percent and 37.3 percent respectively). 

The majority of evidence for KQ2 was contributed by small and underpowered RCTs for 

which statistically non-significant results could not rule out important benefit or harms due to 

imprecise confidence intervals. Due to this imprecision, the strength of evidence for several 

gradable outcomes was rated insufficient. When we observed significant effect, we graded the 

strength of evidence to be low because of limitations in the internal validity of studies, surrogacy 



ES-13 

 

of outcomes, and mostly poor to absent reproducibility in the direction of effect estimates (see 

Table C). None of the studies reported outcomes evaluating incidence of metabolic syndrome, 

incidence of hypotension, carotid-intima media thickness, or change in 10-year Framingham risk 

profile.  

Coenzyme Q10: Overall, evidence from 5 RCTs,
37,54,60-62

 indicated no significant differences 

between the combination of coenzyme Q10 and a CV drug versus CV drug alone groups in post-

treatment levels of C-reactive protein (CV drug was statins), HDL-C (statins or fenofibrate), 

non-HDL-C (fenofibrate), LDL-C (statins or fenofibrate), total cholesterol (statins or 

fenofibrate), triglycerides (statins or fenofibrate), ejection fraction (ACE inhibitors), or systolic 

blood pressure (ACE inhibitors). The results were inconclusive (grade: insufficient).  

Echinacea: In one small study,
63

 post-treatment levels of International Normalized Ratio 

(INR) and platelet aggregation were not significantly different in the combination of Echinacea 

and warfarin compared to warfarin alone. The results were inconclusive (grade: insufficient). 

Garlic: Four studies examined the effects of this supplement in combination with 

warfarin,
64,65

 nitrates,
58

 and statins plus aspirin.
66

 The effect of garlic and warfarin combination 

(versus warfarin alone) on post-treatment lipid profile, blood pressure, INR, platelet 

aggregability, and platelet count was not significant (inconclusive; grade: insufficient).
64,65

 In 

participants with CHD, the combination of garlic and nitrates
58

 significantly improved total 

cholesterol (mean MD -28.20 mg/dL [95 percent CI -48.30, -8.10]) and HDL-C levels (MD 8.50 

mg/dL [95 percent CI 1.91, 14.89]), but not triglyceride levels (MD -10.30 mg/dL [95 percent CI 

-27.60, 7.00]). The effects of garlic combined with statins and aspirin
66

 on lipid profile 

(inconclusive; grade: insufficient), CRP, platelet count, and Agaston calcium score was not 

significantly different from those of statins and aspirin.  

Ginger: In one trial of healthy participants, there was no significant difference in post-

treatment INR (inconclusive; grade: insufficient), or platelet aggregability between the 

combination of ginger and warfarin versus warfarin alone.
67

  

Gingko biloba: Five RCTs investigated this supplement in combination with antiplatelet 

agents (acetylsalicylic acid,
68,69

 clopidogrel,
70

 and ticlopidine
71

), anticoagulant (warfarin),
67

 or 

with vasodilator (cilostazol).
70

 For the combination of Gingko plus antiplatelet agents, the 

differences in clotting time, partial thromboplastin time, platelet count, lipid parameters, and 

blood pressure were not significant (results for lipids and blood pressure inconclusive; grade: 

insufficient). The pooled results of two trials
70,71

 indicated no significant differences in platelet 

aggregation and bleeding time between the Gingko-antiplatelet combination versus antiplatelet 

only groups. Similarly the Ginkgo-warfarin combination did not result in significantly different 

post-treatment levels of platelet aggregability or INR (result for INR inconclusive; grade: 

insufficient). In one trial,
70

 platelet aggregability (mean difference [MD] 18.00 percent [95 

percent CI 1.92, 34.08]) and bleeding time (mean difference 1.02 minutes, 95 percent CI 0.10, 

1.94) were significantly improved in the Ginkgo-cilostazol combination group versus cilostazol 

only group.  

Ginseng: Three RCTs investigated this supplement in combination with warfarin.
72-74

 The 

results from these studies for INR were conflicting (inconclusive; grade: insufficient), showing 

either no significant difference
72,74

 or significant difference with lower peak INR and AUC of 

INR in the combination versus control group (MD -0.19 [95 percent CI -0.36, -0.07] for peak 

INR and -0.43 [95 percent CI -1.00, -0.09] for AUC of INR).
73

 The differences in prothrombin 

time,
72

 platelet count,
72

 or platelet aggregability
74

 between the ginseng-warfarin combination and 

warfarin only groups were not significant (results were inconclusive). 
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Hawthorne: One small trial
75

 found no significant difference in PR interval between 

participants receiving hawthorne-digoxin combination and digoxin alone (results inconclusive). 

Magnesium: Three RCTs investigated magnesium in combination with hydroclorothiazide 
76,77

 or beta-adrenergic antagonists.
42

 For two trials, systolic and diastolic blood pressure (SBP 

and DBP) did not differ significantly between the magnesium-hydroclorothiazide combination 

versus hydroclorothiazide alone groups (inconclusive; grade: insufficient). The pooled estimates 

of mean difference for SBP and DBP were -4.54 mmHg (95 percent CI -13.25, 4.16) and -3.37 

mmHg (95 percent CI -11.55, 4.81) respectively.
76,77

 Similarly, in another study,
42

 both SBP and 

DBP were not significantly different in participants receiving the combination of magnesium and 

beta-adrenergic antagonists versus those receiving beta-adrenergic antagonists alone. In one 

trial,
76

 post-treatment total cholesterol and triglyceride levels were not significantly different 

between the magnesium-hydroclorothiazide combination versus hydroclorothiazide alone groups 

(inconclusive; grade: insufficient). 

Niacin (less than or equal to 250 mg/day): One RCT (high risk of bias)
78

 investigated this 

supplement in combination with propranolol in which post-treatment levels of triglycerides and 

total cholesterol were not significantly different between the two groups receiving treatment with 

niacin-propranolol combination and propranolol alone (inconclusive; grade: insufficient). This 

study was judged to be at high risk of bias because groups were administered different dosages 

of propranolol (20 mg and 60 mg). 

Omega-3/fish oil: Twenty-three RCTs investigated the use of omega-3 fatty acids/fish oil 

with CV drugs (statins, ACE inhibitors, calcium channel blockers alone or with other CV drugs, 

fenofibrtates, niacin plus aspirin, aspirin, beta-blockers, or anticoagulation agent). In 12 RCTs, 

post-treatment levels of C-reactive protein, HDL-C, LDL-C, total cholesterol, triglycerides, 

lipoprotein A, DBP, blood coagulation parameters (PT, aPTT, platelet aggregation), and bleeding 

time did not differ significantly between the combination of omega-3 fatty acids/fish oil and 

statins versus statins alone. Pooled analyses for levels of HDL-C (6 trials), LDL-C (5 trials), total 

cholesterol (5 trials), and triglyceride (4 trials) also showed no significant differences (no 

difference for HDL-C and LDL-C; grade: low). The mean SBP was significantly lowered in the 

supplement-statin combination group (grade: low; -8.50mmHg [95 percent CI -16.33, -0.66]). 

The results from trials using omega-3 fatty acids/fish oil-statins combinations regarding post-

treatment levels of non-HDL-C, total cholesterol/HDL-C ratio, and platelet count were 

conflicting (opposite direction of effect estimates), thus inconclusive (grade: insufficient). In 

trials using omega-3 fatty acids/ ACE inhibitors combination treatment, there were no changes in 

blood pressure (no difference; grade: low), but significantly more participants experienced at 

least 50 percent reduction in proteinuria in favor of the combination treatment (RR 4.00 [95 

percent CI 1.40, 11.30]).
79

 In one trial using omega-3 fatty acids/fenofibrate combination 

treatment,
56

 the incidence of hypertension was not significantly different in the combination 

versus control group (RR=0.98 [95 percent CI 0.14, 6.85]). In one trial,
50

 using omega-3 fatty 

acids/fish oil-calcium channel blockers combination, there was no significant difference between 

the combination and control groups in post-treatment lipid profile (inconclusive; grade: 

insufficient). Two other trials using aspirin in addition to calcium channel blockers found 

significant differences in triglycerides (grade: low) in favor of the combination treatment (-81.00 

mg/dL [95 percent CI -125.30, -36.70]
52

 and -54.00 mg/dL [95 percent CI -94.10, -13.90]
51

). 

These trials were not pooled because dipyridamole was an additional drug in one trial and not in 

another. In one small trial,
80

 post-treatment lipid profile did not differ significantly between the 
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combination of omega-3 fatty acids/fish oil with niacin plus aspirin versus niacin plus aspirin 

(inconclusive; grade: insufficient).  

Vitamin E: Ten RCTs and one CCT 
59

 examined the use of vitamin E with antiplatelet 

agents (aspirin or ticlopidine),
81

 aspirin,
49

 furosemide,
82

, gemfibrozil,
59

 nifedipine
83

 or 

statins.
46,84-88

 In one trial,
81

 post-treatment total cholesterol and triglyceride levels were not 

significantly different between the groups receiving vitamin E-antiplatelet agent (aspirin or 

ticlopidine) combination versus aspirin or ticlopidine alone (inconclusive; grade: insufficient). 

Platelet aggregation was significantly decreased with vitamin E supplementation plus aspirin 

compared with aspirin alone (MD -1.70 per cm
2
 [95 percent CI -2.06, -1.34]).

49
 The effect of 

vitamin E-furosemide combination on blood pressure was not significantly different from that of 

furosemide alone (inconclusive; grade: insufficient).
82

 The vitamin E-nifedipine combination 

significantly lowered total cholesterol (MD -35.96 mg/dL [95 percent CI -46.96, -24.96]), LDL-

C (MD 39.83 mg/dL [95 percent CI -71.29, -8.37]), and triglycerides (MD -23.91 mg/dL [95 

percent CI -35.89, -11.93]), but not HDL-C or SBP in elderly subjects at high risk of CHD.
83

 

There was no significant difference in lipid profile across trials using vitamin E-gemfibrozil or 

vitamin E-statins (see pooled analyses for HDL-C, LDL-C, total cholesterol, and triglycerides) 

combinations when compared with CV drug alone (inconclusive; grade: insufficient). Likewise, 

there was no significant difference in blood pressure (inconclusive; grade: insufficient) for 

vitamin E-gemfibrozil combination, as well in C-reactive protein, prothrombin time, and platelet 

count for vitamin E-statins combination compared with CV drug(s) alone. 

Vitamin K: One meta-analysis of two trials showed a significantly improved percentage 

of time for INR being in therapeutic range in favor of the vitamin K-coumarin derivatives 

combination (warfarin
41

 or phenprocoumon
39

) over coumarine derivatives alone (MD 5.58 

percent [95 percent CI 1.02, 10.14]). Number of participants achieving stable INR was higher in 

combination with warfarin (RR 2.56 [95 percent CI 1.24, 5.28])  

Overall evidence indicates that supplementation with vitamin K (0.1 to 0.15 mg/day) may 

improve the stability of anticoagulant therapy (grade: low). 

a) Do the effect estimates of intermediate cardiovascular outcomes vary by age, 

ethnicity, gender, or health status? 

No studies or very few studies for each supplement-drug combination of interest precluded 

exploration of heterogeneity in the effect estimates across pre-identified subgroups.  

b) Is there measurable interaction between cardiovascular drugs and dietary 

supplements for intermediate cardiovascular efficacy outcomes?  

Two studies used general linear modeling with ANOVA, and reported statistical interaction 

between the combination of supplement (omega-3 fatty acids/fish oil) and cardiovascular drugs 

(statins
44

 or niacin plus aspirin
80

) on the outcomes relevant to Key Question 2. The results from 

these trials were conflicting, one indicating significant interaction between omega-3 fatty 

acids/fish oil and niacin (plus aspirin) with regards to triglyceride levels
80

 and the other no 

significant interaction between omega-3 fatty acids/fish oil and statins with regards to changes in 

lipid profile (HDL-C, LDL-C, total cholesterol, triglycerides, non-HDL-C).
44

 The trial that found 

statistical interaction consisted of male and female participants with atherogenic dyslipidemia,
80

 

and the trial that did not observe a significant interaction was conducted in obese men.
44
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KQ3. Clinical or intermediate harms with cardiovascular drug(s) 
plus supplement versus drug(s) plus placebo, no supplement, or 
another supplement? 

Table ES 5. Strength of evidence for the gradable KQ 3 outcomes with data 

Gradable Outcome Dietary Supplement/CV Drug Strength of 
evidence 

Conclusion  

Serious adverse events Coenzyme-Q10/Statins 
Ginkgo biloba/ASA 
G. biloba/ Warfarin 
Magnesium/ Beta-Adrenergic Antagonists 
Omega-3 Fatty Acids (Fish Oils)/Statins 
Omega-3 Fatty Acids (Fish oils)/Fenofibrate 

Insufficient Inconclusive 

Withdrawal due to adverse events Coenzyme-Q10/Statins 
Coenzyme-Q10/ Fenofibrate 
Echinacea/ Warfarin  
Ginkgo biloba/ASA and/or pentoxiphylline 
Ginkgo biloba/Warfarin 
Ginkgo biloba/Digoxin 
Ginseng/ Warfarin  
Magnesium /Hydrochlorthiazide 
Magnesium/Beta-Adrenergic Antagonists 
Niacin/ Beta-Adrenergic Antagonists 
Omega-3 Fatty Acids (Fish Oils)/ASA 
Omega-3 Fatty Acids (Fish Oils)/Statins  
Omega-3 Fatty Acids (Fish Oils)/Ramipril 
and/or Irbesartan 
Omega-3 Fatty Acids (Fish Oils)/ASA + 
Dipyridamole + Calcium Channel Blockers 
Omega-3 Fatty Acids (Fish Oils)/Fenofibrate 
Omega-3 Fatty Acids (Fish Oils)/Warfarin 
Vitamin E/ASA  
Vitamin E/Nifedipine  

Insufficient Inconclusive 

Bleeding (major, minor, and 
undefined) 

Garlic/ Warfarin  
Ginkgo biloba / ASA  
Ginseng/Warfarin 
Omega-3 Fatty Acids (Fish Oils)/ASA 
Omega-3 Fatty Acids (Fish Oils)/ Statins 
Omega-3 Fatty Acids (Fish Oils)/Ramipril 
and/or Irbesartan 
Omega-3 Fatty Acids (Fish Oils)/ASA + 
Dipyridamole + Calcium Channel Blockers 
Omega-3 Fatty Acids (Fish Oils)/ ASA + 
Clopidogrel 
Omega-3 Fatty Acids (Fish Oils)/Warfarin 
Vitamin E/ ASA 
Vitamin K/ Phenprocoumon;  
Vitamin K/Warfarin 

  

Renal dysfunction (abnormal 
glomerular filtration rate, creatinine, 
blood urea nitrogen, serum 
potassium) 

 

Coenzyme-Q10/ ACE inhibitors 
Coenzyme-Q10/Statins 
Coenzyme-Q10/Fenofibrate 
Ginkgo biloba /ASA 
Ginkgo biloba /Ticlopidine 
Magnesium/Hydrochlorothiazide  
Omega-3 Fatty Acids (Fish Oils)/ Statins 
Omega-3 Fatty Acids (Fish Oils)/ Fenofibrate 
Vitamin E/Statins 
Vitamin E/Nifedipine 

Insufficient 
 

Inconclusive 

Hepatotoxicity (abnormal liver Coenzyme-Q10/ Statins Insufficient Inconclusive 
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enzymes) Coenzyme-Q10/ACE inhibitors 
Omega-3 Fatty Acids (Fish Oils)/ Statins 
Vitamin E/ Statins 

 

Corrected QT interval Vitamin E/ Statins Insufficient Inconclusive 

 

A total of 57 studies contributed evidence for KQ3.
35,36,38,40,44,46,47,49,51-53,55,56,79,80,82-85,87-95,

 
37,39,41,42,48,54,58,60-72,74-78,96-100

 One of the included studies was a retrospective cohort study 

examining omega-3 fatty acids/fish oils and antiplatelet agents with important limitations in 

design as it was unclear regarding participant selection, confounding, and blinding of outcome 

assessors.
100

 The rest of the studies were randomized controlled trials mostly of moderate risk of 

bias for the gradable outcomes of harms (serious adverse events, withdrawal due to adverse 

events, renal dysfunction, hepatotoxicity, QT interval, and bleeding). Most of these studies 

recruited a small sample size and were likely underpowered.  

Meta-analyses were possible for the omega-3 fatty acids/fish oil studies. Other evidence 

could not be pooled because either there was a single study per outcome, or zero events in both 

treatment arms. Sparse evidence precluded exploration of heterogeneity in the effect estimates 

for harms across pre-identified subgroups.  

For all combinations of dietary supplement and CV drug, the strength of evidence for all 

gradable outcomes was insufficient because of inconsistent effect estimates across studies 

suggesting conflicting findings with no obvious explanation, or statistically non-significant 

estimates with wide confidence intervals (Table ES-5). Most crossover trials incorporated an 

adequate wash-out period, so carryover effect was not a major concern.  

Coenzyme Q10: Five short-term (up to 12 weeks duration) small RCTs that included 

participants with mixed/unclear
37,61,62

 or high 
54,60

 CHD risk examined coenzyme Q10 plus 

statins, fenofibrate, or ACE inhibitors. No statistically significant differences were observed for 

total adverse events,
54,61

 abnormalities in fasting blood glucose,
60,61

 myoglobin,
61

 CPK,
60-62

 

electrocardiogram (ECG),
60

 or retinopathy.
60

 However, the studies were likely underpowered to 

detect differences in these harms. 

For the coenzyme Q10-statin combination, the evidence for myopathic pain and myalgia was 

conflicting in two studies.
37,62

 One RCT
62

 found a significantly greater number of subjects with 

reduced myopathic pain (RR 4.18 [95 percent CI 1.50, 11.46]) and lower pain severity scores on 

Brief Pain Inventory (MD -1.76 [95 percent CI -2.93, -0.58]) and pain interference score (MD -

1.43 [95 percent CI -2.76, -0.10]) in the combination versus statin alone group. In contrast, a 

second RCT
37

 did not find a significant difference in myalgia, using the visual analogue scale 

(VAS). The latter study was likely underpowered.  

Echinacea: One small RCT of 12 healthy volunteers examined Echinacea plus a single dose 

of warfarin versus warfarin alone. No withdrawals due to adverse or other adverse events were 

observed.
63

  

Garlic: Four small short-term RCTs examined garlic plus warfarin, nitrates, or statins plus 

aspirin in healthy males,
65

 or those with cardiovascular conditions.
58,64,66

 No significant between-

group differences were observed across gradable and non-gradable outcomes such as fasting 

blood glucose,
58,64,66

 anemia,
64

 and leukopenia.
66

 The wide confidence intervals for differences in 

bleeding and fasting blood glucose precluded drawing any meaningful conclusions.  

Gingko biloba: Seven small RCTs examined Ginkgo biloba plus warfarin, digoxin, aspirin, 

aspirin and/or pentoxiphylline, nitrates, cilostazol or clopidogrel, or ticlopidine.
48,67-71,99

 The 

subjects were either healthy volunteers,
67,68,70,71,99

 had had acute ischemic stroke,
48

 or had 

peripheral arterial disease.
69

 Two of these studies included only a single dose of 
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cilostazol/clopidogrel
70

 or ticlopidine
71

 so their results should be interpreted with caution. Across 

all cardiovascular medications, non-significant results were observed for gradable outcomes (i.e. 

withdrawal due to adverse events, bleeding, renal dysfunction, hepatotoxicity, and serious 

adverse events). Nonsignificant results were also found for all other harms, such as total adverse 

events,
69,70,99

 upset stomach,
69

 anemia,
68,69

 white blood cell count,
68

 gastrointestinal events,
48,99

 

diarrhea,
67

 constipation,
67

 hypoglycemia,
69

 hyperglycemia,
69

 leukopenia,
69

 thrombocytopenia,
69

 

and abnormal ECG.
69

 These studies were likely underpowered to detect any differences in harms 

outcomes.  

Ginseng: Three RCTs examined the effects of Panax ginseng,
72

 American ginseng,
73

 and 

Korean ginseng plus warfarin versus warfarin alone. No statistically significant effects were 

observed in gradable outcomes (i.e. withdrawal due to adverse events, bleeding, renal 

dysfunction, and hepatotoxicity) and non-gradable outcomes such as prothrombin time, total 

adverse events, headache, dizziness, indigestion, international normalized ratio (INR) above 3.5, 

diarrhea, constipation, hematocrit, and anemia.
72

 These trials were all small and underpowered.  

Hawthorne: One RCT examined hawthorne plus digoxin versus digoxin alone in 8 healthy 

volunteers.
75

 No statistically significant differences were observed in incidence of flatulence, 

nausea, insomnia, headache, and dizziness. 

Magnesium: Two small RCTs in hypertensive subjects examined the effects of magnesium 

plus hydrocholorthiazide or beta-adrenergic antagonists.
42,76

 No statistically significant 

differences were observed for withdrawal due to adverse events,
42,76

 renal dysfunction,
42,76

 

serious adverse events
42

, diarrhea,
76

 vomiting,
76

 nausea,
76

 adverse events,
76

 hyperkalcemia,
76

 

fasting blood glucose,
76

 and abnormal ECG.
76

 

Niacin (less than or equal to 250mg/day): One RCT in 20 subjects with 

hyperlipoproteinemia investigated the effects of niacin plus propranolol versus propranolol 

alone.
78

 No statistically significant differences were found in nausea and flushing, or 

hypotension. This study was at high risk of bias because groups received different dosages of 

propranolol (20 mg in combination group and 60 mg in monotherapy group).  

Omega-3 fatty acids/fish oil: Twenty-two studies (21 RCTs, and one retrospective cohort 

study) examined omega-3 fatty acids/fish oils plus statins,
35,36,40,53,91-96

 aspirin,
47,52,80,90,90,97

 

aspirin and clopidogrel,
100

 aspirin in combination with dipyridamole and calcium channel 

blockers,
52

 warfarin,
47,55

 rampril and/or irbesartan,
79

 or fenofibrate,
56

. These studies were 

generally small and recruited healthy subjects or subjects with CHD or risk factors for CHD.  

For omega-3 fatty acids plus statins versus statins alone, meta-analyses yielded 

nonsignificant estimates for serious adverse events, withdrawal due to adverse events, elevated 

AST and ALT, total adverse events, dyspepsia, headache, constipation, upper respiratory 

infection, and elevated CK/CPK. However, a significantly elevated fasting blood glucose in the 

omega-3 fatty acids plus statin group was observed in one RCT.
40

 For omega-3 fatty acids in 

combination with other cardiovascular drugs, no significant differences were found in harms 

outcomes.  

Vitamin E: Ten RCTs examined vitamin E plus aspirin,
38,49,89

 nifedipine, 
83

 furosemide,
82

 or 

statins
46,84,85,87,88

. No statistically significant differences were observed for total adverse events,
89

 

incidence of headache,
89

 gastrointestinal discomfort,
89

 incidence of cancer,
38

 abnormalities in 

fasting blood glucose,
82,83

 glycosylated hemoglobin,
88

 leukopenia,
46

 and anemia.
46

 These studies 

recruited subjects who were healthy, or who had CHD, or risk factors for CHD. Sample sizes 

were generally small, although one study recruited over 9,000 women.
38
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Vitamin K: Two RCTs of 6 month duration examined the effects of vitamin K plus 

anticoagulants (phenprocoumon or warfarin) versus anticoagulants alone.
39,41

 No significant 

differences were found for bleeding
39,41

 or withdrawal due to adverse events
41

. These studies 

recruited 70
41

 and 200
39

 subjects with indications for anticoagulant therapy.  

b) Is there a measurable interaction between cardiovascular drugs and dietary 

supplements for harms outcomes? 

Assessment of statistical interaction between a dietary supplement and a CV drug could be 

undertaken for only one RCT
89

 that examined the combination of vitamin E and aspirin. We 

calculated a synergy index (S-index) for relevant dichotomous outcomes. We found a positive 

interaction (i.e., synergism) between vitamin E and aspirin for withdrawal due to adverse events 

(S-index=1.11), indicating a greater number of withdrawals from combination treatment 

compared with vitamin E or aspirin alone. In the same study, we also found negative interactions 

(i.e., antagonism) for incidence of headache (S-index=-1.53) and gastrointestinal discomfort (S-

index=-0.33), indicating a reduced incidence of these outcomes with combination treatment 

compared with vitamin E or aspirin alone.  
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KQ4. Pharmacokinetic outcomes with cardiovascular drug(s) plus 
supplement versus drug plus placebo, no supplement, or another 
supplement? 

 

TableES 6. Strength of evidence for the gradable KQ 4 outcomes with data 

Item Supplement/Drug Strength 
of 
evidence 

Conclusion Applicability of 
evidence  

AUC∞, Cmax , half-
life, and clearance 
for S- and R-
warfarin 

 Echinacea/warfarin; 
Ginger/warfarin; 
Gingko 
biloba/warfarin  

Low No clinically 
significant 
interactions 

Healthy volunteer 
pharmacokinetic 
studies using single 
dose of 25 mg 
warfarin  

AUC∞, half-life, 
and clearance for 
S- and R-warfarin; 
Cmax S- and R-
warfarin 

Garlic/warfarin  Low; 
Insufficient 

No clinically 
significant 
interactions; 
 
Clinically significant 
interactions could not 
be ruled out. GMR 
[90 percent CI] S-
warfarin 1.06 [0.77, 
1.47]; R-warfarin 1.02 
[0.8, 1.4] 

Healthy volunteer 
pharmacokinetic 
study using single 
dose of 25 mg 
warfarin 

Ticlopidine AUC∞, 
half-life and Cmax 

Gingko biloba/ 
ticlopidine 

Low  No clinically 
significant 
interactions 

Healthy Korean 
males given single 
dose of 250 mg of 
ticlopidine  

Digoxin AUC∞, 
Cmax , half-life, 
and clearance 

Gingko biloba/digoxin  Insufficient  Inconclusive results 
because type II error 
could not be 
excluded - data were 
not reported as GMR 

NA 

Cmax , half-life, 
and clearance for 
S- and R-warfarin; 
Warfarin AUC∞ 

Ginseng/warfarin  Low; 
Insufficient  

No clinically 
significant 
interactions; 
The evidence of 
ginseng and warfarin 
interaction is unclear 
because with 
American ginseng, 
statistically significant 
reduction in AUC of 
warfarin was noted, 
but clinical 
significance is 
unclear. Korean 
ginseng 
demonstrated no 
clinically significant 
interactions 

Healthy volunteer 
pharmacokinetic 
study of American 
and Korean ginseng 
and either three 
doses of 5 mg 
warfarin over 3 days 
of week 1 and week 
4, or a single dose of 
25 mg warfarin  
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Item Supplement/Drug Strength 
of 
evidence 

Conclusion Applicability of 
evidence  

Statin AUCss, 
Cmax; 
Half-life and 
clearance of 
rosuvastatin and 
atorvastatin 
(and/or 
metabolites 

Omega-3 fatty 
acids/rosuvastatin or 
atorvastatin 

Low; 
Insufficient  

No clinically 
significant 
interactions; 
Inconclusive results 
because type II error 
could not be 
excluded – data for 
t1/2 and clearance 
were not reported as 
GMR 

Healthy volunteer 
studies based on 
therapeutic doses of 
statins for 14 days  

beta-
hydroxysimvastatin 
AUCss, Cmax , half-
life, and clearance 

Omega-3 fatty 
acids/Simvastatin  

Insufficient  Inconclusive results 
because type II error 
could not be 
excluded – data were 
not reported as GMR 

NA 

Digoxin AUC∞, 
Cmax , half-life, 
and clearance 

Hawthorne/digoxin  Insufficient  Inconclusive results 
because type II error 
could not be 
excluded -- data were 
not reported as GMR 

NA  

Abbreviations: AUC = area under the curve (to infinity or at steady-state); Cmax = maximum concentration. 

Eleven randomized controlled trials contributed evidence on pharmacokinetic 

outcomes.
35,63,65,67,71,73-75,95,96,99

 No data was available from observational studies. Generally, 

these studies were open-label, crossover RCTs, of moderate risk of bias for the gradable 

outcomes, including between eight and 50 healthy volunteers. Six studies investigated 

cardiovascular drug kinetics following a single dose.
63,65,67,71,74,99

. Clinical significance of 

interaction was evaluated using the United States Food and Drug Administration (FDA) 

guidance.
30

 According to the guidance, statistically significant interactions alone cannot 

determine clinical significance of interactions unless the 90 percent confidence intervals of the 

geometric mean ratios fall well within the default no effect boundary of 0.80 to 1.25.  

No studies were found examining pharmacokinetic interactions between coenzyme Q10, 

magnesium, niacin (at most 250 mg/day), red yeast rice extract, resveratrol, vitamin A, vitamin 

D with or without calcium supplementation, vitamin E, or vitamin K, and a cardiovascular drug. 

A paucity of studies of supplement-drug combinations for which data were available precluded 

exploration of heterogeneity in terms of pre-identified subgroups such as age and gender. 

Statistical interaction data was not reported in any pharmacokinetic study.  

No clinically significant pharmacokinetic interactions were noted when Echinacea, ginger, 

Ginkgo biloba were coadministered with warfarin, or when Ginkgo biloba was 

coadministered with ticlopidine; the 90 percent upper and lower bound of GMR ratio for the 

individual pharmacokinetic parameters were within the 0.80 to 1.25 boundaries of 

bioequivalence.
63,67

 The strength of evidence for these findings regarding surrogate outcomes 

based on single pharmacokinetic studies, with moderate risk of bias was graded as low. For 

garlic and warfarin,
65

 Ginkgo biloba and digoxin,
99

, omega-3 fatty acids and simvastatin,
96

 

and hawthorne and digoxin, evidence was graded insufficient precluding meaningful 

conclusions about interactions, because pharmacokinetic outcomes were analyzed as differences 

in arithmetic means yielding nonsignificant results, or the geometric mean ratios crossed the 

upper and/or the lower bound of the 90 percent margins of bioequivalence.
75

 Interactions 

between ginseng and warfarin, and omega-3 fatty acids and rosuvastatin or atorvastatin are 

unclear because for some of the pharmacokinetic outcomes there was low strength of evidence 
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suggesting no clinically relevant interactions, while for other important pharmacokinetic 

outcomes the strength of evidence was graded as insufficient (Table ES-6).
35,73,74,95

. It must be 

noted that the evidence of pharmacokinetic interactions may not translate into altered clinical 

effectiveness or harms. Also, evidence originating in healthy young adults may not be applicable 

to older CVD patients taking cardiovascular drugs, due to possible differences in abilities to 

absorb, metabolize and excrete drugs. 
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Discussion 

Mostly underpowered, short duration, efficacy trials in highly selected populations 

contributed sparse evidence on clinical outcomes. As such, the evidence on important gradable 

clinical outcomes was rated insufficient. Findings of note include inconsistent evidence of 

decrease in rates of coronary artery restenosis following successful angioplasty with 

coadministration of omega-3 fatty acids and aspirin. Also, evidence from a well powered 

pragmatic trial in women showed no benefit of adding vitamin E to daily aspirin on the 

composite outcome of nonfatal myocardial infarction, nonfatal stroke, and vascular death; 

evidence on individual vascular events was not available. 

For most intermediate outcomes of efficacy, we found insufficient evidence or evidence of 

low strength suggesting no effect; however, evidence indicated that omega-3 fatty acids (2 to 4 

g/day) likely do not interfere with the efficacy of statin therapy or calcium channel blockers in 

presence of antiplatelet agents, but may provide independent benefit in resolving 

hypertriglyceridemia. There is also some evidence that supplemental vitamin K (0.1 to 0.15 

mg/day) may help to stabilize INR when given with warfarin. Also, garlic (4-10 grams/day) may 

not interact negatively with nitrates and warfarin and may confer independent benefit in 

improving HDL and total cholesterol. However, our confidence in the validity and 

reproducibility of these benefits on intermediate outcomes is low. 

Safety of intake of dietary supplements concomitant with prescription cardiovascular 

medications is largely unclear, due to insufficient evidence. Nevertheless, there is some evidence 

that coenzyme Q10 (100 to 200mg per day) taken in combination with statins, while not 

interfering with efficacy, might provide benefit for statin induced myalgia.  

No clinically significant pharmacokinetic interactions were noted when Echinacea, ginger, or 

Ginkgo biloba were coadministered with warfarin and when Ginkgo biloba was coadministered 

with ticlopidine. Insufficient or conflicting evidence addressed most other supplement-drug 

pharmacokinetic interactions.  

Ultimately this limited information makes it impossible to translate our findings into clear 

advice and tools for clinical decision-making. Without an adequate evidence-base from the 

literature, variability in effects across clinically important subgroups (e.g. age, ethnicity, gender 

or health status) could not be assessed.  

Limitations of our systematic review process included restricting the number of dietary 

supplements of interest to 16 of the most commonly used; this was necessary given limitations of 

resources and review time. Another limitation was the exclusion of indirect evidence of drug 

interactions derived from surrogate measures such as alterations in probe drug metabolism, that 

highlight effects on enzymes involved in drug metabolism. As such evidence traditionally 

originates in healthy volunteers, applicability of such evidence would have been as much of a 

concern as for pharmacokinetic outcomes we examined as well providing less direct evidence of 

interaction. In order to make causal inferences possible for translation into practice, we also 

excluded combinations of multiple dietary supplements with cardiovascular drugs.  

As we have identified that available evidence poorly addresses the safety and effectiveness of 

coadministration of dietary supplements with cardiovascular drugs, we have the following 

recommendations for future research: 

1) Future trials should focus on meaningful clinical outcomes, be appropriately powered and 

rigorously conducted and reported, and provide precise measurements of both clinical outcomes 

and harms outcomes;  
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2) Trials should be representative of the population taking cardiovascular drugs in terms of 

comorbidities, setting, and racial distribution. They should also consider subgroup analysis for 

age, gender, race, comorbidities (e.g. liver or renal compromise), and genotypic polymorphisms 

of the cytochrome P450 enzyme; 

3) Pharmacokinetic studies should follow Food and Drug Administration guidance for 

conduct and reporting so comparison between trials can be carried out more effectively; 

4) Pharmacokinetic studies should present interpretation of statistically significant outcomes 

in terms of clinical significance; 

5) Clinical trials and observational studies that explore the effect of cardiovascular drugs 

should assess the use of dietary supplements, and include this in the reporting of results; 

6) Phase I trials of cardiovascular drugs should include older populations, and if possible a 

pharmacokinetic assessment that includes dietary supplement usage  

7) Future studies should examine vulnerable subgroups such as the elderly, those with 

compromised renal and liver functions, and patients with multiple comorbidities; 

8) Where possible, comparative effectiveness studies should include a statistical analysis for 

interactions, and the trials should be powered accordingly; and 

9) Until well powered experimental studies are conducted to examine dietary supplement-

drug coadministration, evidence from well-conducted prospective observational studies should 

be sought. Electronic health record linkages between databases of dietary supplement use and 

cardiovascular drug prescription may also add to the equipoise that has been so insufficiently 

addressed. 
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Introduction 
Vascular disease is a preventable condition that is the leading contributor to mortality in the 

US 
101

, and second place in Canada after cancer.
102

 Vascular disease includes peripheral vascular 

disease evident in hypertension; cardiovascular disease such as angina pectoris, myocardial 

infarction and heart failure; and cerebrovascular disease such as transient ischemic attack (TIA) 

and stroke.  

The American Heart Association estimates that more than 81 million American adults (one-

third of all American adults) have at least one form of cardiovascular disease, broadly defined to 

include all vascular disease.
1
 While there has been progress in the control of CVD, it demands 

huge investments from the health care system and represents great burdens and lost opportunities 

for individuals, families and society overall.  

In addition to lifestyle and dietary recommendations, front line treatment for prevention and 

treatment of cardiovascular disease is primarily pharmaceutical, with patients requiring on 

average 6.3 concomitant prescription drugs, from on average 5.9 different drug classes, for 

primary and secondary prophylaxis of the disease itself and management of associated 

comorbidities.
2-4

 The prescription drugs considered in this review are summarized in Table 1. 
Table 1. Cardiovascular drugs of interest 

Cardiovascular Drug 
Category 

Drug Class Drugs of Interest  

Beta adrenergic antagonists  acebutalol  
betaxolol  
bisoprolol  
carvedilol  
labetalol  
metoprolol  

nadolol  
nebivolol  
pindolol  
propranolol  
sotalol  
timolol 

Calcium channel antagonists Dihydropyridine amlodipine 
felodipine 
isradipine 
nicardipine 

nifedipine 
nimodipine 
nisoldipine 

Non-Dihydropyridine diltiazem verapamil 

Renin-angiotensin-aldosterone 
system antagonists 

Angiotensin-converting enzyme 
inhibitors (ACE inhibitors) 

benazepril 
captopril 
enalapril 
fosinopril 
lisinopril 

moexipril 
perindopril 
quinapril 
ramipril 
trandolapril 

Angiotensin II receptor blockers 
(ARBs) 

candesartan 
eprosartan 
irbesartan 
losartan 

olmesartan 
telmisartan 
valsartan 

Renin inhibitors aliskiren  

Aldosterone receptor 
antagonist 

eplerenone 
spironolactone 

 

Vasodilators Central vasodilators clonidine 
guanabenz 

guanfacine 
methyldopa 

Direct vasodilators diazoxide 
hydralazine 

minoxidil 

Nitrates isosorbide dinitrate  

 nitroglycerin  

Phosphodiesterase inhibitors sildenafil 
tadalafil 

vardenafil 
cilostazol 

Prostacycline alprostadil 
epoprostenol 

iloprost 
treprostinil 
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Cardiovascular Drug 
Category 

Drug Class Drugs of Interest  

Endothelin antagonist bosentan ambrisentan 

Miscellaneous vasodilators papaverine 
isoxsuprine 

rauwolfia alkaloids 
 

Alpha adrenergic blockers  doxazosin 
prazosin 

terazosin 

Antiarrhythmic drugs Class 1a disopyramide 
procainamide 

quinidine 

Class 1b mexilitine  

Class 1c encainide 
flecainide 

propafenone 

Class III amiodarone 
dofetilide 

dronedarone 

Inotropic agents  digoxin  

Antilipemic agents Bile acid sequestrants colestipol 
colesevelam 

cholestyramine 
resin  

Cholesterol absorption inhibitor ezetimibe  

Fibric acid Derivatives fenofibrate gemfibrozil 

HMG-CoA reductase Inhibitors atorvastatin 
fluvastatin 
lovastatin 

pravastatin 
rosuvastatin 
simvastatin 

Miscellaneous niacin>250 mg/day* 
 

 

Anticoagulants Coumarin derivatives warfarin  

Heparins dalteparin 
enoxaparin 

heparin 
tinzaparin 

Antiplatelet agents  acetylsalicylic acid 
(ASA) 

clopidogrel 
ticlopidine 

Diuretics Loop diuretics bumetanide 
ethacrynic acid 

furosemide 
torsemide 

potassium-sparing (K-sparing) amilioride triamterene 

Thiazide chlorothiazide 
hydrochlorothiazide 
methyclothiazide 

bendroflumethazide 
polythiazide 

Thiazide-like chlorthalidone 
indapamide 

metolazone 

Note: * Niacin at higher doses was considered to be a cardiovascular drug. 

 

Complementary and alternative medicine (CAM) refers to preventive and therapeutic 

modalities not generally considered to be part of conventional medicine,
5
 including dietary 

supplements. CAM utilization has increased dramatically in North America over the past 

decades in both the general and cardiovascular disease populations.
6,7

 The National Health 

Interview Survey (NHIS) indicated that a total of $34 billion in annual out-of-pocket 

expenditures was spent on CAM in 2007.
8
 Of this amount, 44 percent was spent on non-vitamin, 

non-mineral DS.
8
 Estimates suggest that approximately one-third to nearly two-thirds of people 

suffering from heart failure or other cardiovascular disease use some form of CAM that includes 

DS, and are thus placed at risk for potential adverse events from interactions among 

pharmacologically active agents.
7,9-11

 The dietary supplements considered in this review are 

summarized in Table 2.
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Table 2. Dietary supplements 

Supplement category Supplement 

Vitamins and minerals Niacin (restricted to doses ≤ 250 mg/d)* 

Vitamin A (beta carotene)
†
 

Vitamin D
†
 

Vitamin E 

Vitamin K 

Magnesium  

Herbs or other botanicals 
 

American ginseng (Panax quinquefolius) 

Asian ginseng (Panax ginseng) 

Echinacea (Echinacea purpurea)  

Garlic supplements (Allium sativum) 

Ginger supplements (Zingiber officinale) 

Gingko (Ginkgo biloba) 

Refined dietary substances, to increase the total 
dietary intake (e.g., enzymes or tissues from organs 
or glands) 

Omega-3 fatty acids / Fish oils  

Coenzyme Q10 

Red yeast rice extract 

Resveratrol 

Hawthorne 

Notes: * Niacin at higher doses was considered to be a cardiovascular drug. 
† The following vitamin analog forms are considered pharmaceutical drugs and were therefore excluded:  

Analogs of vitamin A [bexarotene, fenretinide; 13-cis-retinoic acid (isotretinoin, Accutane); 9 –cis retinoic acid (Alitretinoin); 

and all trans retinoic acid (ATRA) (tretinoin)]; and 

Analogues of vitamin D [Calcitriol; dihydrotachysterol (DHT); alfacalcidiol (1α-(OH)D3); calcipotriol; tacalcitol; 19-nor-

1,25(OH)2D2 (19-norD2), oxacalcitriol (OCT), 22-oxa-1,25(OH)2D3; paricalcitol; doxercalciferol; 1α-hydroxyvitamin D2 (1α-

(OH)D2); falecalcitriol] 

 

Long term use of medications poses significant challenges with respect to both adherence, 

and potential for drug interactions. Risks for both non-adherence and interactions inevitably 

increase with the number of medications and supplements taken, and this is of greatest concern 

in the elderly.
12,13

 In addition to concerns of polypharmacy, the elderly also experience 

physiological changes that make them more susceptible to interactions, as a consequence of 

alterations in metabolism and excretion, affecting both pharmacodynamics and 

pharmacokinetics.
103,104

 

Understanding the potential for drug-supplement interactions and consequences of such 

interactions is essential for clinicians and patients when prescribing medications, or advising or 

deciding to add dietary supplements to current medication and supplement regimes. The 

increasing morbidity that occurs within older populations suffering from CVD, in conjunction 

with greater potential for drug interactions, makes this subgroup particularly important to 

explore. The use of some dietary supplements may complement standard care or may have a 

detrimental effect on either the pharmacodynamics or pharmacokinetics of standard care. People 

at risk of or suffering from cardiovascular disease often take dietary supplements alongside 

prescribed drugs. Given the uncertainty and potential for harm, we need to understand better the 

risks and benefits, or lack thereof associated with concomitant usage. 

Dietary supplements can affect clinically relevant outcomes directly. For example, key 

factors within coagulation pathways are affected by garlic, fish oil, fenugreek, saw palmetto, 

gingko biloba and danshen, which all have been shown to inhibit blood coagulation.
10,105-107

 

When coupled with common anticoagulants like aspirin, warfarin, or ticlopidine, increased 

bleeding is a serious potential risk. Conversely other supplements, even a seemingly innocuous 
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one like green tea extract, contain vitamin K that may counteract the anticoagulant effects of 

certain drugs and thus limit their effectiveness.
108

 

An example whereby the addition of a dietary supplement may confer benefit comes from 

combining coenzyme Q10 with statin therapy. Amongst other actions, coenzyme Q10 has been 

shown to lower cholesterol, specifically low-density lipoprotein cholesterol,
6
 and while not 

proven, it is plausible that coenzyme Q10 reduces myalgia associated with statin therapy.
109,110

 

On the other hand, drug-dietary supplement interactions can negatively impact clinical and 

surrogate outcomes. St. John‟s wort for example, taken often for the treatment of depression, is a 

potent inducer of the CYP3A4 enzyme.
111

 This enzyme is involved in the oxidative metabolism 

of many synthetic drugs,
106,107,112-115

 including cardiac glycosides, β-adrenergic blockers, calcium 

channel blockers, statins, angiotensin receptor antagonists, and anticoagulants.
10,106,108

 Inducing 

the metabolism of any of these drugs through this popular herbal product could reduce their 

effectiveness and potentially result in serious clinical consequences. Conversely, if prescription 

medication dosage is adjusted in the context of regular ingestion of a CYP3A4 enzyme inhibitor, 

then supplement cessation may result in excessive drug levels with other serious clinical 

consequences. 

Incorporation in clinical practice of knowledge regarding the impact of concomitant use of 

cardiovascular disease medications and dietary supplements requires access to reliable drug-

supplement information, as well as a commitment to documentation by clinicians.
15,16

 

As a consequence of U.S. drug regulatory policy, much more research and data are available 

describing drug-drug interactions than drug-supplement interactions, and there is a clear need to 

synthesize information on drug-supplement interactions. A current, comprehensive systematic 

review of interactions between dietary supplements and drugs specifically in patients taking 

prescription medications for cardiovascular disease is clearly needed. Recently published 

systematic reviews addressing aspects related to this topic are not comprehensive, or focus on 

different populations of interest.
107,113,115

 This synthesis evaluates literature that addresses 

meaningful clinical outcomes, as well as important surrogate or intermediate outcomes, in the 

context of patients concurrently taking prescription drugs and dietary supplements for prevention 

and treatment of CVD.  

The key questions examined in this review are as follows: 

In adults taking cardiovascular drugs, what are the effects of concomitant use of specific 

dietary supplements (when compared to cardiovascular drugs alone or cardiovascular drugs and a 

different dietary supplement[s]) on: 

1. clinical cardiovascular effectiveness/efficacy outcomes (e.g., mortality and specific 

cardiovascular or cerebrovascular conditions such as myocardial infarction [MI] and stroke)? 

a. Do the effect estimates of clinical cardiovascular outcomes vary by age, ethnicity, 

gender, or health status? 

b. Is there a measurable interaction between cardiovascular drugs and dietary supplements 

for clinical cardiovascular outcomes? 

2. intermediate cardiovascular efficacy outcomes (e.g., lipids, blood pressure, 

electrocardiographic measurements, serum markers, bleeding, and coagulation times)? 

a. Do the effect estimates of intermediate cardiovascular outcomes vary by age, ethnicity, 

gender, or health status? 

b. Is there a measurable interaction between cardiovascular drugs and dietary supplements 

for intermediate cardiovascular outcomes? 
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3. clinical or intermediate harms outcomes (e.g., organ toxicity, serious adverse events, 

withdrawal due to adverse events)? 

a. Do the effect estimates of harms outcomes vary by age, ethnicity, gender, or health 

status? 

b. Is there a measurable interaction between cardiovascular drugs and dietary supplements 

for harms outcomes? 

4. pharmacokinetic outcomes (e.g., T1/2, area under the concentration curve [AUC]) of 

cardiovascular drugs of interest? 

a. Do the effect estimates of pharmacokinetic outcomes vary by age, ethnicity, gender, or 

health status? 

b. Is there a measurable interaction between cardiovascular drugs and dietary supplements 

for pharmacokinetic outcomes?
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Methods 
The methods for this Comparative Effectiveness Review follow the methods suggested in the 

Methods Reference Guide for Effectiveness and Comparative Effectiveness Reviews, Version 1.0 

published by the Agency for Healthcare Research and Quality (AHRQ).
17

 Unless stated 

otherwise, all methods and analyses were determined a priori and documented in a research 

protocol that was publicly posted by AHRQ for comments. Screening of literature and 

inclusion/exclusion of studies were tracked and presented according to the PRISMA 

methodology.
116

 

Topic Development and Refinement 

This evidence report addresses several key questions regarding the effects of concomitant use 

of specific dietary supplements and cardiovascular drugs compared with cardiovascular drugs 

alone or with different dietary supplements. The original topic nomination was for a comparative 

effectiveness review (CER) of the risks and benefits for elderly patients taking cardiovascular 

medication concomitantly with herbal supplements. Discussions were held with Key Informants 

representing the Food and Drug Administration (FDA), the National Center for Complementary 

and Alternative Medicine (NCCAM), and several other institutions on scope of the topic, 

research questions to be asked, and methodology of evidence synthesis to be adopted. The panel 

included clinicians (e.g., cardiologists, naturopathic doctors, a clinical pharmacology specialist, 

and a nutritionist), a consumer advocate, and systematic review research methodologists.  

As preliminary searching indicated scarce data in the elderly subgroup, it was decided with the 

Key Informants to broaden the review topic to the benefits and risks of dietary supplement use in 

adults taking drugs for prevention and treatment of cardiovascular disease (CVD). Subgroups of 

interest were added to a preliminary list of demographic and clinical categories that included 

those with renal dysfunction and genetic polymorphisms in CYP2D6, 2C9, and 2C19. Drug-

functional food and drug-conventional food interactions were considered but it was decided that 

should be evaluated as a separate research project. Five research key questions were finalized in 

the topic refinement process regarding the comparative efficacy, effectiveness, harms and 

pharmacokinetics of a dietary supplement coadministered with a cardiovascular drug. 

Subquestions sought to investigate subgroup effects and evidence of specific drug-supplement 

statistical interaction. An indirect question enquired about evidence based on human studies that 

some of the most commonly used dietary supplements cause alterations in cytochrome P450 

isozyme activity and in cellular drug transport mechanisms.  

All dietary supplements, according to the Dietary Supplement Health and Education Act of 

1994 (DSHEA) definition, were of investigational interest. The dietary supplement was defined 

as one of the following substances: 

 a vitamin,  

 a mineral,  

 an herb or other botanical,  

 an amino acid,  

 a dietary substance for use by man to supplement the diet by increasing the total dietary 

intake (e.g., enzymes or tissues from organs or glands), or  

 a concentrate, metabolite, constituent or extract. 

Furthermore, it must also conform to the following criterion:  
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 intended for ingestion in pill, capsule, tablet, powder or liquid form not represented for 

use as a conventional food or as the sole item of a meal or diet  

AHRQ Effective Health Care Program posted the proposed Key Questions for public 

comment on their Web site from August 16 through September 13, 2010. In response, the 

following five general comments were received: 1) the review scope should be restricted to the 

most common dietary supplements and cardiovascular drugs; 2) the review should focus on 

patient-oriented outcomes; 3) the review should examine issues related to quality, dose and 

purity of the dietary supplements of interest; 4) the review should distinguish between regular 

and occasional users of dietary supplements; 5) the review should distinguish between nutrient 

and non-nutrient supplements. The Evidence-based Practice Center (EPC), with input from Key 

Informants and the Technical Expert Panel (TEP), reviewed and refined the Key Questions to 

ensure that the questions were specific and explicit about what information is being reviewed.  

Protocol and Project Scope Amendment  

The review according to the originally submitted protocol was proven to require resources 

beyond those allocated to the EPC centre. The search of included data bases yielded more than 

32,000 records; beyond expectations founded on targeted search during topic refinement. A 

random 10 percent title, abstract and full text screening was conducted to estimate the final size 

of the review and the projected number of included studies was beyond review resources. 

Several phone and e-mail discussions were held with the TEP members and the Task Order 

Officer. Finally, three modifications were made as an amendment to the research protocol: 

 restrict to dietary supplements commonly used in adults and elderly taking cardiovascular 

medication for which current evidence on possible drug-supplement interaction is lacking. 

 eliminate the indirect question enquiring about alterations in cytochrome P450 isozyme 

activity and in cellular drug transport mechanisms. 

 restrict to German only as the eligible foreign report language of inclusion. 

With input from the TEP, and surveys of the general and cardiovascular populations in the 

Unites States,
7,18-23

 the revised list of dietary supplements was arrived at as follows: 

A. Dietary supplements commonly perceived to provide cardiovascular benefit, with a high 

probability of being used simultaneously with cardiovascular drugs: coenzyme Q10; garlic; 

ginger; Gingko biloba; ginseng; multivitamins; vitamin A or beta carotene; vitamin D; vitamin 

E; omega-3 fatty acids or fish oils; niacin; and magnesium.  

B. Other dietary supplements commonly used by the population using cardiovascular drugs, 

for which there is some reason to believe there may be an interaction with cardiovascular drugs: 

Echinacea; St. John‟s wort; red yeast rice; resveretrol; hawthorne; and vitamin K.  

C. Supplements falling into categories A or B may be omitted from the list if there is already 

well understood interaction and a review would be redundant. On this basis, it was proposed that 

these be excluded: St. Johns wort; therapeutic doses of niacin (greater than 250 mg/day); and 

magnesium as infusion or injection.  

Language restriction was based on the fact that during the screening of the 10 percent 

random sample of a total of 32, 000 records, most commonly identified foreign languages were 

German (24 percent), Russian (16 percent), and Chinese (44 percent), comprising 84 percent of 

reports in language other than English. Other languages included Norwegian (4 percent) and 

Italian, Polish, Swedish, Dutch and French (2 percent each). Because of uncertain applicability 

of Russian and Chinese language studies, the only foreign language considered to be eligible was 
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German. The list of relevant dietary supplements, rationale for the above-mentioned project 

scope amendments, and other details, are presented in the Table 3 below. 
 
Table 3. Protocol amendments  

Item Amendment 
Section of the protocol report 
affected 

Revision to the list of 
dietary supplements 

Include only: 
Coenzyme Q10 
Echinacea 
Garlic 
Ginger 
Gingko biloba 
Ginseng 
Hawthorne 
Magnesium (oral) 
Niacin (≤ 250 mg/d) 
omega-3 fatty acids/fishoils 
Red yeast rice extract 
Resveratrol 
Vitamin A 
Vitamin D ± calcium 
Vitamins E and K 

Definition of intervention 
Method: Table 1 (intervention KQ 1- 
4) 

Language of publication Restriction to English and German for 
experimental and observational studies 

Methods: criteria for inclusion;  
Table 1: report characteristics 

Restriction of key questions Elimination of Key Question 5 Key Question 5 
Analytic framework 
Methods: criteria for inclusion, Table 
1: grading the evidence 

Development of the Analytic Framework 

The analytic framework depicts the causal pathways forming the basis of the key questions 

(Figure 1). The framework outlines the conceptual basis or expectations for adding a dietary 

supplement to prescribed cardiovascular drugs. Expectations include improvement in efficacy 

and reduction in harms related to cardiovascular drugs. Outcomes that represent these changes 

may be clinical, surrogate (proxy for clinical), or pharmacokinetic. Altered outcomes may be a 

result of an add-on effect of the dietary supplement and/or supplement-drug interaction. Drug 

interactions may be seen as biologic (i.e. pharmacodynamic or pharmacokinetic interactions 

reflected in altered clinical and surrogate outcomes of benefit and harms) or 

statistical.
117

Statistical interactions measure biologic interactions in terms of a product term 

added to a linear model. The key questions posed therefore examine whether outcomes of benefit 

and harms alter with the addition of a dietary supplement. In addition, they examine 

pharmacokinetic and statistical interactions.  

In the context of the population of interest, the key questions are indicated along the 

corresponding arrows connecting treatment and outcomes of interest. The framework includes 7 

sections. The first section represents the adult population, within which the target population is 

included. The remaining 6 sections are: 1) target population (adults taking cardiovascular drugs 

commonly used in the outpatient setting); 2) treatment (dietary supplements); 3) intermediate 

outcomes/biological effects (lipid levels, blood pressure, electrocardiogram measurements, other 

serum markers, and diagnostic tests); 4) clinical outcomes (mortality, ischemic heart disease, 

arrhythmias, cerebrovascular disease, peripheral arterial disease, cardiovascular disease surgery 
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and procedures, and quality of life); 5) harms (allergic reactions, significant bleeding, and 

neurological and gastrointestinal adverse events); and 6) pharmacokinetic outcomes (measures of 

drug absorption, distribution, metabolism, and excretion). 
 
Figure 1. Analytic framework 

 

KQ2 a & b 

KQ4 a & b 

KQ3 a & b 

                                                 Adults 

 

 

Target population 

Adults taking cardiovascular drugs 

commonly used in outpatient 

settings 

Dietary supplements 

Clinical outcomes 

Mortality    Peripheral vascular (arterial) disease 
Ischemic heart disease  CVD surgery and procedures 
Arrhythmias   Quality of life 
Other heart disease  Others 
Nonfatal cerebrovascular disease 

Harms 
Pharmacokinetic outcomes 

Intermediate outcomes/Biological effects 
Lipids    ECG measurements  
Blood pressure   Other diagnostic tests 
Other serum markers 

 
Abbreviations: CVD = cardiovascular disease; ECG = electrocardiography; KQ = Key Question. 

KQ1 a & b 
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Literature Search Strategy  

An experienced medical information specialist developed and tested the electronic search 

strategies by using a combination of controlled vocabulary and free text in consultation with the 

team. An independent information specialist peer-reviewed the search strategies according to the 

PRESS checklist.
118

 

To identify primary study reports (see Appendix A), we searched the following electronic 

databases from inception to October 26, 2010: MEDLINE, EMBASE, the Cochrane Library 

(CENTRAL, Cochrane Database of Systematic Reviews, DARE, HTA), International 

Bibliographic Information on Dietary Supplements (IBIDS), and Allied and Complementary 

Medicine Database (AMED). We used controlled vocabulary (e.g., “Dietary Supplements ,” 

“Drugs, Chinese Herbal,” “Phytotherapy,” etc.) and keywords (e.g., nutritional supplements, 

garlic, ginger, etc.) in combination with controlled vocabulary and keywords related to 

cardiovascular agents.  

To identify systematic reviews addressing research questions similar to the key questions 

outlined for this review, we used a slightly modified strategy from that indicated above, by 

including a systematic review filter (for MEDLINE and EMBASE) and limiting the search of the 

Cochrane Library to the Cochrane Database of Systematic Reviews, the Database of Abstracts of 

Reviews of Effects, and the Health Technology Assessment Database (see Appendix Y). The 

identification of relevant systematic reviews addressing any one of the key questions would 

serve the purpose of replacing a de novo process involving primary synthesis with existing 

systematic reviews.  

We restricted our searches to human studies without imposing any language or date 

restrictions. We attempted to identify unpublished literature (including abstracts and conference 

proceedings) through searches of trial registries (e.g., ClinicalTrials.gov, Current Controlled 

Trials, Clinical Study Results, World Health Organization Clinical Trials), the Cambridge 

Scientific Abstracts (CSA) Conference Papers Index, and Scopus. Additional references were 

identified by scanning bibliographies of relevant systematic reviews and clinical trials. We also 

contacted Technical Expert Panel (TEP) members. 

Through the Scientific Resource Center, we contacted the industry for scientific information 

packets (SIPs) on drug-supplement interaction and requested for (Appendix B for list of drug 

manufacturers contacted): 

 a current product label 

 randomized controlled trials, published or unpublished 

 observational studies, published or unpublished 

All identified citations were downloaded into a Reference Manager 12
119

 database for 

duplicate removal and early analysis. The unique references were then uploaded into 

DistillerSR,
120

 a review management Web application.  

 

Study Selection  

Process Description  

The reviewers involved in initial screening attended a screening training session and pilot 

tested the screening forms. Titles were screened by one reviewer; all exclusions were 

independently screened by a second reviewer. A similar process of screening was followed to 



11 

 

screen abstracts of studies that passed the title screen. Two reviewers independently screened the 

full text of all included records. Discrepancies were resolved by consensus. 

Eligibility Criteria of Systematic Reviews 

When available, topically relevant reviews were to be included to answer one or more of the 

key questions. As per the Cochrane Collaboration definition,
121

 a systematic review includes a: 

specific research question; search strategy (e.g., sources such as electronic databases, period 

covered by the search); and methods used to assess the risk of bias of studies included in the 

review. Narrative reviews were excluded. We limited our review to those systematic reviews 

judged to be of „Good‟ quality (see below for how quality of a review was assessed). Reasons for 

exclusion were noted. We planned to replace de novo evidence synthesis with good quality 

systematic review evidence only when it was deemed current obviating the need to update. 

Eligibility Criteria of Primary Studies 

We aimed to include hypothesis-testing as opposed to hypothesis generating studies (case-

reports and series). We thus included experimental and observational comparative studies (i.e. 

those with independent controls) evaluating the benefits or harms of concomitant dietary 

supplement use in adults taking cardiovascular medications versus no dietary supplement (or 

other dietary supplement). In a post hoc decision we expanded the study design criteria to allow 

inclusion of single arm controlled before-after pharmacokinetic studies in which post-treatment 

values were compared with baseline values. This was because we considered such evidence as a 

reasonable comparison between drug-supplement and drug alone for pharmacokinetic outcomes 

when an adequate washout period was employed. This review was limited to human studies with 

specific eligibility criteria presented in Table 4. 

 
Table 4. Study inclusion criteria 

Population   

KQs 1–4 Adult participants (the majority of 

participants 16 years of age or with 
subgroup data presented for adults) taking 
at least one specific cardiovascular drug or 
one specific class of cardiovascular drugs 
such as α-adrenergic antagonists , 
antiarrhythmic drugs, anticoagulants, 
antilipemic agents, antiplatelet agents, β-
adrenergic antagonists, calcium channel 
antagonists, diuretics, inotropic agents, 
renin-angiotensin-aldosterone system 
antagonists, and other vasodilators (e.g. 
centrally acting, phosphodiesterase 
inhibitors, prostaclyclin derivates, endothelin 
anatagonsts, etc)  

The drugs were restricted to those commonly 
used in U.S. outpatient settings for treatment and 
prevention of cardiovascular disorders. 

Intervention   

KQs 1–4 Coenzyme Q10 
Echinacea 
Garlic 
Ginger 
Gingko biloba 
Ginseng 
Hawthorne 
Magnesium (oral) 

Niacin (≤ 250 mg/d) 
Omega-3 fatty acids/fish oils 
Red yeast rice extract 
Resveratrol 
Vitamin A 
Vitamin D ± calcium 
Vitamin E 
Vitamin K 
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Comparator   

KQs 1–4 No dietary supplement (placebo, no 
treatment) or another dietary supplement.  

 

Outcomes
 

  

KQ 1 

Clinical 
outcomes 
 

Mortality 

 All-cause mortality 

 Vascular death 

 Specific vascular death (e.g., fatal MI, fatal 
stroke) 

Ischemic Heart Disease (Coronary Artery 
Disease) 

 All myocardial infarction (MI, acute MI) 

 Nonfatal MI (MI, acute MI) 

 Unstable angina 

 Acute coronary syndrome  

 Coronary artery disease composite 
outcomes (combination) 

 Coronary (re)stenosis/graft 
occlusion/vasospasm (post hoc) 

Arrhythmias 

 Sudden death 

 Ventricular fibrillation 

 Ventricular tachycardia 

 Atrial fibrillation 

 Heart block 
Other heart disease 

 Congestive heart failure 

 Valvular disease 
Adherence to prescribed cardiovascular 
drug or regimen 
Hospitalization 

Cerebrovascular disease 

 All stroke 

 Hemorrhagic stroke 

 Thrombotic stroke 

 Transient ischemia attack (TIA) 

 Carotid artery disease (not measured by IMT 
or Doppler) 

 Other 
Peripheral arterial disease (PAD) 

 Limb thrombosis/leg ischemia 

 Claudication (pain walking) 

 Mesenteric ischemia 

 Abdominal aortic aneurysm 

 Ankle-brachial index 

 Other reported clinical PAD 
CVD surgery and procedures 

 Coronary artery revascularization (coronary 
artery bypass graft [CABG], percutaneous 
transluminal coronary angioplasty [PTCA], 
stent)  

 Valve replacement 

 Carotid revascularization (± stent) 

 Peripheral revascularization (± stent) 

 Amputation 
Syncope 
Quality of life 
Renal replacement therapy 

KQ 2 

Intermediate 
outcomes 
(limited to 
established 
outcomes) 
 

Lipids 

 Total cholesterol 

 Low-density lipoprotein cholesterol (LDL-C) 

 High-density lipoprotein cholesterol (HDL-
C) 

 Triglycerides 

 Lipoprotein a (LP(a)) 

 Non–HDL-C  
Other serum markers 

 C-reactive protein (CRP) 
Blood pressure 

 Systolic (SBP) 

 Diastolic (DBP) 

 Hypertension (HTN), new or worsening 
(e.g., need for change in therapy) 

 Hypotension 

Electrocardiographic (ECG) measurements ( 24 
hr, Holter monitor, PR interval) other than 
established arrhythmias (based on context, this 
might be evaluated as harms outcome rather 
than efficacy) 
Other diagnostic tests 

 Carotid intima-media thickness (IMT), as 
measured by Doppler ultrasound 

 Coronary/cerebral arterial calcification 
Platelet aggregability 
Bleeding and coagulation times 
Ejection fraction 
Incidence of metabolic syndrome and change in 
10-year Framingham risk profile 

KQ 3 

Harms 
 

Clinical adverse events 

 Serious adverse events (composite 
outcome)

c
 

 Neurologic adverse events (e.g., 
neuropathy, seizure) 

 Allergic reactions (e.g., anaphylaxis, skin, 
transient acute airway disease) 

 Gastrointestinal adverse events (e.g., 
diarrhea, constipation, nausea/vomiting) 

 Clinically significant bleeding (e.g., 
intracerebral/intraventricular, 

Organ toxicity 

 Liver (aspartate aminotransferase [AST], 
alanine aminotransferase [ALT], alkaline 
phosphatase [ALP], or hepatitis) 

 Renal (blood urea nitrogen [BUN], creatinine, 
glomerular filtration rate [GFR]) 

 Bone marrow (e.g., leukopenia, anemia, 
neutropenia, thrombocytopenia) 

Fasting blood glucose 
Hemoglobin A1c 
QT interval 
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gastrointestinal, hematuria) 

 Withdrawal due to adverse events 

 Other reported important clinical adverse 
events 

Other harms 

KQ 4  

Pharmacokineti
c and 
pharmacodyna
mic outcomes 

Absorption 

 Bioavailability (F), maximum drug 
concentration (Cmax) and time to Cmax 
(tmax) (latter two were added post hoc) 

Area under the concentration curve (AUC) 

Distribution 

 Volume of distribution (Vd; e.g., in L/kg) 
Metabolism/Excretion 

 Clearance, elimination constant (Kel), half life 
( t1/2) 

Timing   

KQs 1–4 No restrictions have been prespecified based 
on the timing of an intervention and/or 
duration of length of followup of the studies.  

This will be considered as a dose (or exposure) 
response modifier in the assessment of 
heterogeneity and applicability. 

Setting   

KQs 1–4 No restrictions have been prespecified based 
on the setting of the studies.  

This will be considered in the assessment of 
heterogeneity and applicability. 

Study Design   

KQs 1–4 Experimental (randomized or nonrandomized 
controlled trial) and observational (cohort, 
case-control, cross-sectional) comparative 
studies with independent (concurrent or 
historical) control group including at least five 
participants.  

For KQ 4, studies employing participants as 
their own control were also eligible (post hoc 
decision). 

Report 
Characteristics 

  

KQs 1–4 No limits on publication year or status  
Publication language: 
Systematic reviews: limited to English 

Primary studies: limited to the English language 
or German 

Abbreviations: KQ = key question. 

Data Extraction and Data Management  

Prior to data abstraction, we iteratively developed and pilot tested a standardized data 

extraction form. One reviewer extracted relevant data from each study and a second reviewer 

independently verified data from a 10 percent random sample of studies. As we noted some 

missed harms outcome data extraction across some studies, a second reviewer verified that all 

reported outcomes data of interest were extracted. Before this harms data verification was carried 

out, we clarified understanding of the reporting of harms. For example, we decided that when 

authors reported regular laboratory harms surveillance by testing for liver enzymes, glomerular 

filtration rate, blood urea nitrogen and serum creatinine, and then disclosed that no adverse 

events were identified, zero patients with events of raised levels of these enzymes should be 

extracted. Likewise a statement that no thrombotic event was identified was extracted as zero 

patients with stroke, angina and myocardial infarction. We could not generate extractable harms 

data from reports stating for example, “no significant adverse events were observed,” “no 

adverse effects of clinical importance occurred,” or “all remaining adverse events were mild in 

severity.” We extracted all harms data, not merely those thought to be drug related. 

Discrepancies in data extractions were resolved through discussions or with a help of third 

reviewer. Data extractors were not blinded to study information. If a study was reported in 

multiple publications, we extracted data from the latest and/or most complete publication and 

supplemented it with data from companion publications, as appropriate. We sought additional 

information from authors, when necessary. Data were extracted using DistillerSR.
120

 During the 
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data extraction process, one reviewer with clinical background rated study populations‟ 10-year 

CHD risk as per Table 5 below, according to the National Cholesterol Education Program Adult 

Treatment Panel III (NCEP, ATP III) guidelines.
24

When all participants were healthy non-

smokers, study level 10-year CHD risk was categorized as low. 

 
Table 5. Ten-year coronary heart disease risk strata used to categorize study participants 

Category  Details 

High risk  
(10-year risk 
>20%) 

A Participants with established coronary heart disease, i.e., anyone or more of the following: 
coronary death, acute coronary syndromes, myocardial infarction, angina, heart failure, and 
coronary artery procedures (angioplasty or bypass surgery) 
 

B Participants with noncoronary form of atherosclerotic disease, i.e. anyone or more of the 
following: peripheral arterial disease, abdominal aortic aneurysm, and carotid artery disease 
(transient ischemic attacks or stroke of carotid origin or > 50% obstruction of a carotid artery) 

 

C Those diagnosed with diabetes or those reported in the paper as high risk according to NCEP 
ATP III criteria 

Moderate to 
moderately high 
risk 
(10-year risk 
<10% to maximum 
of 20%) 

 Two or more of the following risk factors in >80% of participants: cigarette smoking, 
hypertension (BP ≥140/90 mmHg or on antihypertensive medication), low HDL cholesterol 
(<40 mg/dL), family history of premature CHD (CHD in male first-degree relative <55 years; 
CHD in female first-degree relative <65 years), age (men ≥45 years; women ≥55 years) 

Low risk (0-1 risk 
factors) 

 Zero or just one of the above risk factors  

Mixed risk  Participants clearly in more than one of the above categories  

Unclear risk  Participants could be in one or a mix of the above categories  

Abbreviations: BP = blood pressure; CHD = coronary heart disease; HDL = high density lipoprotein; NCEP ATP III = National 

Cholesterol Education Program Adult Treatment Panel III. 

 

There was some additional attrition after studies were included during screening. Of the 

included studies, we extracted data when the following additional criteria were met: 

 the dietary supplement was added to one or more cardiovascular drug(s) that were all 

taken by 100 percent or the majority (at least 80 percent) of participants in randomized 

controlled trials; 

 non-randomized controlled trials, or observational studies reported effect estimates 

reflective of a supplement plus drug(s) versus drug(s) alone comparison (or with another 

supplement);  

 studies reported, or data could be obtained from authors, for at least one relevant 

outcome; 

 studies were of a study design lower in the hierarchy of evidence and did not contribute 

evidence which was more pragmatic and applicable when higher quality of studies were 

available; 

 studies were on a cardiovascular drug not marketed in the U.S.A.;  

 dosing of the dietary supplement was specified. 

Remaining studies were transparently eliminated from data synthesis with reasons. 

Extracted data elements 

The following elements were extracted: 
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 Study and report characteristics (first author, study design, study setting, duration of 

followup, year and language of publication, funding source, treatment sequence generation, 

treatment allocation concealment, use of blinding) 

 Population characteristics (inclusion/exclusion criteria, number of enrolled and analyzed 

participants, age, gender, ethnicity/race, health status, comorbidities, baseline nutrient exposures 

and/or background diet, methods used to assess baseline nutrient exposures, specific 

cardiovascular drugs and drug classes, drug doses, dose regimens, duration of treatment, 

potential confounders such as blood pressure, concomitant medication, smoking, lipid levels, 

number and reasons for withdrawals or drop-outs) 

 Intervention characteristics (name, brand, and country of manufacturer of a dietary 

supplement or extract, license/registration of the product in the country of manufacture, source 

from which a dietary supplement or extract was manufactured, method of authentication, dosage 

regimen and quantitative description, dose form, qualitative testing for authenticity of herbal 

species, purity assessment for contamination/substitution, standardization, storage conditions and 

length, methods and instruments for assessing nutrient-intake exposures including validation by 

using nutrient biomarkers) 

 Control (comparator) intervention characteristics: 

 Placebo - description/definition in placebo-controlled trials, duration of treatment, 

similarity of treatments  

 Other dietary supplement - same data as above  

 Outcomes  

 Continuous measures (mean baseline and final values, within-treatment arm mean 

change, between-treatment arm mean difference, standard deviation, if reported means – the 

corresponding variance, standard error, 95 percent confidence interval) 

 Binary outcomes (number of participants with an event, risk of an event, odds of an 

event, risk ratio, odds ratio, hazard ratio, variance, standard error, 95 percent confidence interval, 

crude or adjusted measures of effect)  

 Definitions 

 Measurement method(s) 

 Timing of measurement 

 Data analysis details 

 Statistical test used 

 Regression models (model type, covariates) 

For systematic reviews, we planned to extract data on the research question, search strategy, 

design of individual studies included in a review, risk of bias assessment methods, population 

characteristics (inclusion and exclusion criteria, type of cardiovascular drug intake), and 

treatment characteristics (name and type of dietary of supplement). 

Assessment of Study Risk of Bias and Quality of Systematic 
Reviews 

Risk of bias of individual studies was assessed according to outcomes. One reviewer assessed 

risk of bias of all individual primary studies (randomized trials, non-randomized controlled trials, 

cohort, and case-control studies). The risk of bias for gradable outcomes was verified by two 

reviewers, while a random ten percent of risk of bias assessment was verified for other outcomes. 

Disagreements were resolved by discussions with a third team member.  
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We used generic criteria to assess study risk of bias (Table 6). These criteria estimate risk of 

bias across five domains (selection bias, performance bias, attrition bias, detection bias, and 

other bias). The domains were tailored according to study design. For example, specific sub-

domains such as randomization sequence generation were assessed only for randomized trials 

(parallel arm and cross-over). Cross-over randomized trials were assessed with the following 

additional criteria: appropriateness of cross-over design; washout period (the length of time had 

to be at least 3 times the half life of drug elimination); and the report of appropriate data analysis 

(i.e., based on within-subject differences). The sub-domain of blinding (within the Performance 

Bias domain) of participants, health care providers, and outcome assessors to treatment 

allocation was assessed only for experimental designs (i.e., randomized and non-randomized 

trials). We assessed the completeness of outcome data (i.e., attrition bias due to loss to followup 

or withdrawals) by comparing the number of participants who entered the study with the number 

of participants reported in outcome table(s). We then assessed whether there was complete 

followup of all participants, small lost to followup (more than 20 percent) or differential lost to 

followup.  

Other forms of bias assessed included potential financial conflict of interest and selected 

criteria from the McMaster Quality Assessment Scale of Harms (McHarm).
25

 All domains had 

response options of “Yes,” “No,” or “Unclear” with allowance for justifications of such 

judgments. For each gradable outcome in a study we provided an overall risk of bias rating 

designated as high, or low (Table 7). In order to be classified as high risk of bias, a study must 

have demonstrated some apparent and major flaw (within that study design category) that would 

invalidate results. 
 
Table 6. Criteria for risk of bias assessment 

Criteria 
Experimental 
controlled trials (RCT 
and non-RCT) 

Observational 
controlled 
studies 

Uncontrolled 
experimental 
studies 

Selection Bias    

Appropriateness of participant selection
*
  X X 

Randomization sequence generation
† 

X
 

  

Allocation concealment X   

Control for important baseline/prognostic factors
‡
: 

restriction, similarity of groups at baseline, 
matching, and/or adjustment in the analysis 

X X  

Performance Bias    

Purity/standardization of dietary supplement
§ 

X X X 

Blinding of subjects and providers to treatment 
allocation  

X 
 
 

 

Attrition Bias    

Completeness of outcome data (attrition and 
exclusions) with focus on differential loss to 
followup or overall high loss to followup and 
potential for associated confounding

‡ 

X X X 

Detection Bias    

Blinding of outcome assessors to treatment or 
exposure status in experimental or cohort studies 
or blinding of exposure assessors to case/control 
status in case-control studies. 

X X X 

Extent to which valid outcomes were described
¶ 

X X X 

Other    

Financial conflict of interest  X X X 

Criteria for assessment of harms (from the 
McHarm checklist

122
): prespecified and valid 

X X X 
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definition of harms, mode of harms collection (e.g., 
active or passive, standard tool)  

Notes: *Appropriateness of participant selection included whether participants from each arm were from the same or different 

populations, the use of adequate definitions and measurements of exposed/nonexposed or case/control status and demonstration 

that outcomes were not present at beginning of prospective studies. 
†For RCTs only. 
‡Important baseline/prognostic factors evaluated: age, gender, race, baseline diet/nutrient exposures for dietary substance of 

interest, smoking, concomitant medications/supplements, and health status, including comorbidities and LDL-C and blood 

pressure if these measures were not included as study outcomes.  
§Description of the source, methods of extraction, and constituents of the dietary supplement (e.g., quantification or quality 

assurance/standardization of dose/purity, stability and length of storage). 
¶Definition and methods used to assess outcome including timing, and comparability of assessment across study arms. 

Abbreviation: RCT = randomized controlled trial. 

 

Table 7. Overall risk of bias ratings 

Low risk of bias. These studies have the least bias and results are considered valid. Examples of characteristics of 

these studies include the following: a formal randomized controlled design; clear description of the population, 
setting, interventions, and comparison groups; appropriate measurement of outcomes; appropriate statistical and 
analytic methods and reporting; no reporting errors; low dropout rate; and clear reporting of dropouts. 

Moderate risk of bias. These studies are susceptible to some bias, but it is not sufficient to invalidate the results. 

They do not meet all the criteria required for a rating of low risk of bias because they have some deficiencies, but no 
flaw is likely to cause major bias. Study deficiency may be missing information, making it difficult to assess 
limitations and potential problems. 

High risk of bias. These studies have significant flaws that imply biases of various types that may invalidate the 

results. They have serious errors in design, analysis, or reporting; large amounts of missing information; or 
discrepancies in reporting. 

 

Methodological quality of included systematic reviews was assessed using the AMSTAR 

tool,
26

 which rates each systematic review with a „Yes,‟ „No,‟ „Can‟t answer,‟ or „Not applicable‟ 

across the 11 domains. The overall assessment of quality for each systematic review was based 

on a reviewer‟s overall judgment given their responses to the individual AMSTAR items, and 

had three overall ratings: „Good,‟ „Fair,‟ or „Poor.‟ In general, „Good‟ quality systematic reviews 

were defined as those having few or no methodological/reporting shortcomings (low risk of 

bias). „Fair‟ quality systematic reviews were defined as those having some methodological flaws 

although not sufficient to seriously bias or invalidate the review results. „Poor‟ quality systematic 

reviews were defined as those having serious flaws sufficient to seriously bias or invalidate the 

review results. An independent reviewer helped to resolve any discrepancies regarding the 

AMSTAR tool assessment between the reviewers. We limited our review to those systematic 

reviews judged to be of „Good‟ quality. 

Grading the Strength of the Body of Evidence 

The strength of a body of evidence was graded based on the following four domains, per 

previously published guidance: overall risk of bias by outcome, consistency, directness, and 

precision.
27

 A methodologist and a content expert graded the strength of the body of evidence as 

“High,” “Moderate,” “Low,” or “Insufficient” (Table 8) A third methodologist with clinical 

background adjudicated to resolve disagreements. Optional domains such as dose-response 

association and existence of confounders were not applicable in this comparative effectiveness 

review. Given the uncertainties involved in interpreting asymmetry tests for publication bias in 

most reviews, especially in presence of heterogeneity in effect estimates, we did not plan to 

investigate publication bias in this review.
123,124

  



18 

 

In consultation with the Technical Expert Panel (TEP), the review team chose the following 

outcomes for grading: 

KQ 1: Mortality (all-cause and vascular death), myocardial ischemic events (fatal myocardial 

infarction, nonfatal myocardial infarction, unspecified myocardial infarction, and acute coronary 

syndromes), cerebrovascular events (hemorrhagic / ischemic / unspecified stroke), quality of life, 

hospitalization, arrhythmia, and clinical outcomes of peripheral arterial disease  

KQ 2: Blood pressure (systolic and diastolic), lipid profile (low density lipoprotein, high density 

lipoprotein, and non–high density lipoprotein cholesterol; and triglycerides), international 

normalised ratio for coumarin derivatives, incidence of metabolic syndrome, and change in 10-

year Framingham risk profile.  

KQ 3: Serious adverse events (composite outcome according to the Food and Drug 

Administration definition of serious adverse events),
28

 withdrawal due to adverse events, clinical 

bleeding (intracranial, gastrointestinal, genitourinary, subretinal, etc.), renal dysfunction (e.g., 

proteinuria, elevated creatinine, need for transplant, glomerular filtration rate), hepatotoxicity 

(elevated enzymes or fulminant failure), and QT prolongation  

KQ 4: Area under the plasma cardiovascular drug concentration-time curve (AUC), maximum 

drug concentration (Cmax), drug half-life(t1/2), and oral clearance.  

Strength of evidence was rated insufficient when there was no evidence for an outcome, when 

results were too conflicting between studies without an identifiable cause, or when the 

confidence interval was wide enough to incorporate clinically meaningful benefit and harm (i.e. 

type II error).  

 
Table 8. Strength of evidence grade and definition

27
 

Grade Definition 

High High confidence that the evidence reflects the true effect. 
Further research is very unlikely to change our confidence in the estimate of effect. 

Moderate Moderate confidence that the evidence reflects the true effect. 
Further research may change our confidence in the estimate of effect, and may 
change the estimate. 

Low Low confidence that the evidence reflects the true effect. 
Further research is likely to change our confidence in the estimate of effect, and is 
likely to change the estimate. 

Insufficient Evidence is either unavailable or does not permit a conclusion. 

 

Applicability 

We followed previously published guidance, and summarized the population, intervention, 

comparator, outcome, timing and setting (PICOTS) to assess the applicability of the body of 

evidence for outcomes or categories of similar outcomes.
29

We considered age, race/ethnicity and 

gender representation; strictness of exclusion criteria; 10-year CHD risk; study setting; whether 

or not the cardiovascular drug(s) was administered in therapeutic doses; frequent of monitoring 

of adherence; surrogacy of outcomes; and short versus long-term treatment duration as important 

aspects determining applicability. Applicability is reported for all conclusive results. When 

direction of effect was indeterminate either because of lack of evidence or under powered 

evidence (with imprecise and nonsignificant data), applicability of evidence was not reported.  
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Data Synthesis and Analysis 

All analyses compared the combination of dietary supplement plus cardiovascular drug with 

cardiovascular drug alone (or plus placebo or another dietary supplement). The decision to meta-

analyze or qualitatively synthesize outcome specific evidence from primary studies depended 

upon the presence or absence of homogeneity in clinical and methodological characteristics 

across studies, and the statistical format of outcome reporting. For pharmacokinetic outcomes in 

Key Question 4, we followed the US FDA guidance for analysis and interpretation of drug 

interaction studies.
30

 Because data are usually skewed, the guidance recommends that the 

pharmacokinetic outcomes in drug interaction studies be reported, after log transformation, as 

geometric mean ratios (GMR) with their 90 percent confidence intervals (CI) based on a 

procedure termed the two one-sided test procedure. A conservative margin of bioequivalence for 

most drug interactions is recommended to be between the lower and upper bound 90 percent 

GMR CI of 0.8 and 1.25. We refer to this as the zone of clinical nonsignificance.  

Meta-analysis was considered, or studies were considered suitable for pooling if they were 

randomized trials that included similar populations in terms of demographics, morbidity, and 

intake of cardiovascular drug(s) or classes of drugs (e.g., participants aged 65 years or younger, 

healthy or with diabetes or history of myocardial infarction, use of warfarin or nitrates), 

compared the same type of dietary supplement (e.g., niacin, oral magnesium, fish oil) versus 

comparator treatment (e.g., other dietary supplement, no treatment, placebo), and reported the 

same outcome measures in the same statistical format (e.g. mean difference or geometric mean 

ratios (GMR)). Where risk of bias differed across studies, this was explored by sensitivity 

analyses. We did not plan to meta-analyze observational and experimental studies; however, we 

pooled parallel with crossover randomized studies.
32

 We did not consider pre-crossover data for 

synthesis except when it was judged that the treatment given to participants in a given cross-over 

trial was not appropriate for the condition under consideration.
32,125

 Similarly, we did not pool 

cross-over trials that had not employed sufficient washout period between the two treatment 

periods because of bias arising from carryover treatment effects. We planned not to meta-analyze 

observational studies because of the differences in adjustment for confoudnders and residual 

confounding.  

We used a DerSimonian and Laird random-effects model to generate pooled estimates of 

relative risk (RR) if an outcome was measured on a dichotomous scale, and weighted between-

group mean difference (for end points and within group changes), if an outcome was measured 

on a continuous scale.
31

 The measure of variability of the pooled estimates was a 95 percent 

confidence interval. Statistical heterogeneity was assessed using Cochran‟s Q (α=0.10) and the I
2
 

statistic. All analyses were performed using Comprehensive Meta Analysis version 2.2.057 (New 

Jersey, USA); StatsDirect Ltd. StatsDirect statistical software (http://www.statsdirect.com. 

England: StatsDirect Ltd. 2008) and R: A Language and Environment for Statistical Computing, 

Foundation for Statistical Computing (http://www.r-project.org) Vienna, Austria (2011).  

When studies failed to report summary statistics (e.g., mean score, standard deviation, 

standard error), we calculated the needed parameters if individual participant data were provided. 

If a study reported only a standard error of the mean response, we converted it into a standard 

deviation. Trials were not meta-analyzed if the mean and standard deviation could not be 

ascertained. Trials with obvious between-group baseline imbalance in a continuous outcome 

were not pooled unless the mean change from baseline and corresponding standard deviation for 

the compared study groups were reported. 

http://www.statsdirect.com/
http://www.r-project.org/
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We used the Peto odds ratio method when event rates were less than1 percent.
32

 For studies 

with zero events in some arms or sparse data overall, we pooled using the fixed effects Mantel-

Haenszel method without continuity correction.
33

 Studies with zero events in both arms were 

excluded from meta-analysis.
32

 

Heterogeneity exploration was planned to examine clinical and methodological diversity, to 

answer subquestion (a) of the four Key Questions by carrying out subgroup and sensitivity 

analyses, and/or meta-regression if there were a sufficient number of studies (four studies for 

each categorical subgroup variable, and 6 to10 for a continuous subgroup variable).
32

 This was 

not carried out because of a paucity of studies for each outcome. 

Prespecified clinical subgroups included: gender (male, female), ethnicity (including 

Hispanic, Asian, African American, and Native American), age (those aged 65 years and above, 

and 80 years and above), baseline health status (healthy volunteers, participants according to 

coronary heart disease risk category, participants at risk for cardiovascular disease, participants 

with known cardiovascular disease, participants with diabetes, participants with hepatic or renal 

dysfunction or end-stage renal disease, participants taking a cardiovascular drug for an indication 

other than cardiovascular disease), and genotypic polymorphisms (e.g., in CYP2D6, 2C9, 2C19).  

Sensitivity analyses were to be conducted to explore whether the effect estimates of dietary 

supplement treatment were influenced by methodological variables such as overall study risk of 

bias, adequacy of participant selection, important confounding, blinding of outcome assessors, 

purity/dose/stability of a dietary supplement, or duration of treatment or followup.  

Statistical interaction was to be investigated for all four key questions. To determine 

measureable interactions between CV drugs and dietary supplements, we followed the 

procedures described below: 

 If a study explicitly examined interaction between CV drug and dietary supplement, then 

we extracted the study‟s findings along with the method for assessing interaction. 

 When studies did not investigate statistical interaction between the DS plus CV drug 

group and the CV drug group alone, we carried out test for interactions when data for at least 

four groups were reported. These groups had to be DS plus CV drug group, DS alone group, CV 

drug alone group, and a common comparator placebo or no treatment group. For studies that 

presented dichotomous data we calculated the synergy index (S).
34

  

 

Synergy Index (S) =      1 – RR11            

1-RR01RR10 

Where RR11 is the relative risk for subjects exposed to CV drug and dietary supplement, and 

RR01 and RR10 are the relative risks for subjects exposed to CV drug alone and dietary 

supplement alone respectively. An S-index greater than 1 describes a positive interaction 

(synergism) and an S-index less than 1 indicates a negative interaction (antagonism). For 

continuous outcomes we would need individual patient data to model it in a linear regression 

with an interaction term.  

Definitions  

Pharmacokinetic Measurements: Absorption, Distribution, Metabolism, and Excretion. Adapted 

from Rowland and Tozer 1995
126

 

Pharmacokinetics 

The study of the mechanisms of absorption, distribution, metabolism and elimination of an 

administered drug in the living organism 
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Absorption 
Absorption can refer to any route of administration except intravenous administration (i.e., 

enteral, subcutaneous, transdermal) 

a) Fractional bioavailability (F): the fraction of a non-intravenously administered dose of a 

drug that reaches the systemic circulation (unit: percent) 

b) Time to maximum concentration (tmax): the time at which the maximum plasma 

concentration of a drug occurs following administration of an extravascular dose (unit: minute or 

hour) 

c) Maximum concentration (Cmax): the highest drug concentration in plasma after an 

extravascular dose (unit: µg mL
-1

) 

d) The area under the plasma drug concentration-time curve (AUC0-t): the measure of an 

exposure of plasma to a drug over a given time period. It is calculated as the area under the 

serum concentration-time curve which is based on multiple drug concentration measurements at 

various time points (unit: µg mL
-1 

hour) 

Distribution  
Volume of distribution (Vd) is the apparent volume into which a drug distributes in the body 

at equilibrium. Alternatively, it is the volume of plasma at the drug concentration required to 

account for all the drug in the body (unit: L/kg) Volume is not limited to plasma. For example, 

volume of distribution will exceed plasma volume or total body water volume for highly 

lipophylic drugs. 

Metabolism/Excretion 
a) Clearance (CL): the volume of plasma in the vascular compartment cleared of drug per 

unit time by the processes of metabolism and excretion (unit: mL/hour) 

b) The elimination half-life (t1/2): the time required to reduce the plasma concentration of a 

drug or the total amount of drug in the body to one half of its initial value (unit: hour) 
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Results 

Screening and Inclusion of Records 

Overall, 32,314 records were identified by searches of databases and 113 from other sources 

(gray literature; reference list checking). The PRISMA diagram in Figure 2 depicts the flow of 

retrieved records through the phases of screening and inclusion 

A total of 168 English publication studies were included after title/abstract, and full text 

screening. None of the 68 German publications screened at full text level met the eligibility 

criteria.  

Eighty eight studies were subsequently excluded from the data synthesis for the following 

reasons:  

Proportion of population taking cardiovascular drugs was less than 80 percent, preventing 

accurate analysis of results related to interaction of supplement and cardiovascular disease 

(CVD) drug (n=76); 

No outcome of interest was reported (n=4)
127-130

 

Administered CVD drug were not used in U.S.A. (n=2)
131,132

 

Dose of supplement was not reported (n=1)
133

  

Included outcome data only for the 1
st
 period cross-over (n=1)

134
  

A sequential study was not included in synthesis of evidence because superior study design 

randomized controlled trial (RCT) evidence was available for the same pharmacokinetic 

outcome, for the same drug-supplement combination (n=1)
135

  

No response was received to a data request made to authors (n=1)
136

 

High quality systematic review with limited utility due to being out of date. Inclusion would 

have necessitated a de novo process for the included studies; (n=1)
137

  

Observational study reporting outcomes where higher level of evidence was available from 

RCT for the same outcomes (n=1)
138

 

Data from 88 studies that were not eligible for data synthesis was not extracted and quality of 

experimental or observational studies was not assessed.  

As a result, 80 reports were included in the evidence synthesis of this review and therefore 

entered the quality assessment and data extraction. Of these eight studies were reported in more 

than one publication, amounting to 19 records. (Table 9) We identified one of these records as 

the primary report of the study and other(s) as a companion; however, if relevant to this review, 

data from all reports were used in the evidence syntheses. With this approach, 69 primary studies 

were included and are referenced accordingly in this review. 

One of the included studies was observational,
138

 two were controlled clinical trials,
58,59

 and 

the remaining 66 studies were RCTs. Twenty two RCT studies contributed to meta-analyses and 

the remaining were included in the qualitative syntheses of evidence. 
35,36,39-41,44,53,70,71,76,77,79,84-

87,91,94-96,139,140
 We contacted authors of two records requesting additional data or seeking data 

clarification.
38,136

 One of the authors,
38

 responded to our query and provided additional data 

which was incorporated in the evidence syntheses.  

Additional individual study data and quality assessment are presented in Appendix C. 

Included studies for each Key Question were: 

 KQ1 (n = 22) 
35-56

  

 KQ1a- subgroups with quantitative data (n = 1)
51

 

 KQ1b- interaction (n = 0) 
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 Studies included for KQ2 (n = 59) 
36,37,39-42,44,59-75,79,81,86-88,94,96,139,

 
46,49-56,58,76-78,80,82-85,90-

93,97,98,140-142
 

 KQ2a- subgroups with quantitative data (n = 1)
39

 

 KQ2b- interaction (n = 2)
44,80

 

 Studies included for KQ3 (n =58 )
35-42,60-72,74,75,79,87-89,94-96,99,

 
44,46-49,51-56,58,76-78,80,82-85,90-

93,97,98,100
 

 KQ3a- subgroups with quantitative data (n = 0) 

 KQ3b- interaction (n = 1)
89

 

 KQ4 (n = 14)
35,63,65,67,71,73-75,95,96,99

 

 KQ4a- subgroups with quantitative data (n = 0) 

 KQ4b- interaction (n = 0) 
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Figure 2. PRISMA flow chart of study identification, screening, eligibility and inclusion 
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Records screened by title after removing 
duplicates 

(n = 32,314) 

Records screened by 
title/abstract 
(n =11,959) 

Records excluded 
(n = 20,355) 

Full-text articles assessed for 
eligibility 

(n = 1,844) 
English records =(n = 1,797) 

German records (n = 68) 

Full-text articles excluded, with 
reasons (n = 1,718) 
--No dietary supplement/ no 
relevant dietary supplement (n = 
932) 
--No relevant population (n = 
418)  
--Irrelevant study design (n = 
353) 
--Not a relevant language 
(English SR or English/ German 
primary study) (n = 15)  

Total included (all English 
Records)  
(n = 168) 

Primary Studies included in 
quantitative synthesis (meta-

analysis) 
(n = 22) 

Records identified by all other 
searches combined 

(n=38,984) 

Records excluded  
 (n = 10,035) 
Excluded by language: 
English & German (n = 7,146) 
--Chinese (n = 562) 
--Russian (n = 488) 
--French ( n = 553) 
--Italian (n= 242) 
--Japanese (n = 241) 
--Other (n = 803) 

Reference list 
checking (n = 31) 

Gray literature 
search (n = 83) 

Duplicates 
Removed 
(n=8,363) 

Full text not 
available to date 

(n = 40) 

Records included in the 
synthesis of evidence 

(n=80 (69 primary studies)) 

Excluded from synthesis of evidence with 
reason (n = 88): 
--CVD drugs taken by less than 80% of 
population (n = 76) 
--No outcome of interest (n = 4) 
--Systematic review -not current (n = 1) 
--CVD drug not marketed in US (n = 2) 
--Dose of supplement not stated (n = 1) 
--Data could not be obtained (n = 1) 
-- Higher level of evidence from RCTs 
was available—observational studies (n = 
1) 
--Other (n = 2) 
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Table 9. Primary and companion records for studies with multiple reports  

 Primary record Companion record(s) 

Davidson 2007
40

 Maki 2010
143

 
Gardner 2007

69
 Chan 2002

144
 

Rombouts 2007
39

 Lee 2005
145

 
Chan 2002

44
 Chan 2006,Chan 2003,Chan 2002,Chan 2010,Chan 2002,Chan 

2002
130,144,146-149

 
Nordøy 1998

150
 Nordøy 2000

98
 

Nordøy 2003
93

 Nordøy 2001
151

 
Roth 2009

56
 Bays 2009

152
 

Budoff 2004
66

 Budoff 2006
153

 

Davidson 2007
40

 Maki 2010
143
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Key Question 1: In adults taking cardiovascular drugs, what are the effects 
of concomitant use of specific dietary supplements (when compared to 
cardiovascular drugs alone or cardiovascular drugs and a different dietary 
supplement[s]) on clinical cardiovascular effectiveness/efficacy outcomes 
(e.g., mortality and specific cardiovascular or cerebrovascular conditions 
such as myocardial infarction [MI] and stroke)? 

Do the effect estimates of clinical cardiovascular outcomes vary by age, 
ethnicity, gender, or health status? 

Is there a measurable interaction between cardiovascular drugs and dietary 
supplements for clinical cardiovascular outcomes? 

 

Overview 

Twenty-two RCTs addressed Key Question 1.
35-56

 No relevant data was available from 

observational studies. No evidence on clinical outcomes was found for Echinacea, garlic, ginger, 

ginseng, hawthorne, niacin (not more than 250 mg/day), red yeast rice extract, resveratrol, 

vitamin A, and vitamin D with or without calcium supplementation (Table 10). There was 

insufficient evidence for the gradable outcomes of hospitalization and those related to peripheral 

arterial disease across all supplement-cardiovascular drug(s) combinations, due to lack of data. A 

paucity of studies for each supplement-drug combination of interest precluded exploration of 

heterogeneity in terms of pre-identified subgroups (KQ 1a). No study examined any statistical 

interaction between supplement and drug on clinical outcomes (KQ1b). Table 11 summarizes 

characteristics of included studies and Table 12 summarizes their risks of bias. Below we report 

results separately for each supplement and cardiovascular drug combination, by outcomes for 

which evidence was available. We then grade the evidence for the prestated gradable outcomes, 

and summarize the PICOTS determinants of applicability for conclusive results across all 

outcomes – i.e. when results were not impacted by the possibility of type II error. In all analyses, 

the intervention was administration of a dietary supplement along with one or more 

cardiovascular drug or class of drugs, while the comparator was administration of the drug or its 

class alone. Details of individual study characteristics, risk of bias and outcomes data are 

reported in Appendix C.  
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Table 10. Overview of availability of evidence addressing key question 1 

Supplement and cardiovascular drug(s) Outcome Number of Studies 

Coenzyme Q10     

Statins (Dm) Adherence 1 

ACE inhibitor with other CV drugs (Dm) Mortality 1* 

ACE inhibitor with other CV drugs (Cs) Quality of life 1* 

Ginkgo biloba     

Aspirin (Dm) Mortality 1 

Aspirin (Cs)  Other clinical 
outcomes 

1  
(NRS) 

Magnesium (oral)     

Beta-blocker (Dm) Myocardial infarction 1* 

Omega-3 fatty acids/fish oils    

Statins (Dm) Adherence 3* 

  Mortality 1* 

  Arrhythmia 1 

  Other clinical 
outcomes 

1  
(exacerbation of CHF) 

Calcium channel antagonist plus aspirin (Dm) Myocardial infarction 1 

  Procedures 1 (CABG and PCI) 

  Other clinical 
outcomes 

1  
(Restenosis) 

Aspirin plus dipyridamole plus calcium channel antagonist 
(Dm) 

Other clinical 
outcomes 

1  
(Restenosis) 

Aspirin plus dipyridamole plus calcium channel antagonist 
(Cs) 

Other clinical 
outcomes 

1  
(Restenosis) 

Aspirin (Dm) Other clinical 
outcomes 

1  
(Graft occlusion

†
) 

Warfarin (Dm) Other clinical 
outcomes 

1  
(Graft occlusion) 

Calcium channel antagonist (Cs) Other clinical 
outcomes 

1  
(induced coronary 
vasospasm) 

Fibrates (Dm) Mortality 1 

Vitamin E    

Aspirin (Dm)  Composite outcome 1 

 Stroke 1 

 TIA 1 

Statin (Dm) Adherence 1 

Calcium channel antagonist (Cs) Unstable angina 2 

Vitamin K    

Phenprocoumon/warfarin (Dm) Adherence 1 

  Mortality 2 

  Myocardial infarction 2 

  Stroke 2 

  Unstable angina 2 

Notes: *At least one crossover RCT; † omega-3 fatty acids supplement also contained α-tocopherol 

Abbreviations: ACE = angiotensin converting enzyme; CABG = coronary artery bypass grafting; Cs = continuous; CHF = 

congestive heart failure; Cs = outcomes data were continuous Dm = outcomes data were dichotomous; NRS = neurologic 

recovery score; PCI = percutaneous coronary intervention; QoL = quality of life; RCT = randomized controlled trial; TIA = 

transient ischemic attack; UA = unstable angina. 
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Table 11. Summary of study characteristics  

Study Characteristic Distribution  

Sample CHD risk  Low 4.5% 
Moderate to moderately high 4.5% 
High 41% 
Mixed 13%  
Unclear 37% 

Geographical region North America 32% 
Europe 27% 
Australia/New Zealand 9% 
East Asia 14% 
Rest of Asia 9% 
NR 9%  

Setting Primary care/community 36% 
Specialty care 27% 
NR 37% 

Duration Mean 39 weeks (SD 105), range 2 weeks to 10 years 

Total N randomized Mean 1004 (SD 4230), range 11 to 19934, total across studies = 
22095 

Age Mean age 55 years (SD 9)  

Gender Two trials exclusively in males,
44,52

 and one in females.
38

 Of the 
mixed gender studies, 55% included females representing less than 
40% of study sample. 

Race/Ethnicity  Eight studies reported race/ethnicity distribution. Most included a 
majority of Caucasian participants. One study included all Asians 
and another majority Hispanics.

50,55
 

Abbreviations: CHD = cardiovascular heart disease; SD = standard deviation. 

 

Table 12. Risk of bias and potential for conflict of interest 

Items % Yes % No % Unclear 

All RCTs (N=22)    

Adequate generation of allocation sequence  41 0 59 

Allocation concealment  4.5 0 95.5 

Comparability of groups 18 18 64 

Purity of supplement 73 18 9 

Blinding of allocated intervention 36 5 59 

Adequately addressed missing data 55 0 45 

Freedom from potential conflict of interest 23 31 46 

Crossover RCTs (N=4)    

Suitability of crossover design for the study condition  100 0 0 

Freedom from carryover effect  50 25 25 

Appropriateness of statistical analysis for crossover 
design  

0 50 50 

Comparability of groups between periods 1 and 2 25 0 75 

Freedom from bias introduced by dropouts  100 0 0 

Abbreviations: CHD = coronary heart disease; RCT = randomized controlled trial.
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Coenzyme Q10 

Coenzyme Q10 plus ACE inhibitors versu ACE inhibitors alone  

All-cause mortality and quality of life. These outcomes were reported in one crossover 

randomized placebo-controlled trial with a duration of three months, in 30, mostly male patients 

with left ventricular dysfunction, at a specialty center. Coenzyme Q10 (33 mg three times a day) 

plus maximally tolerated doses of angiotensin-converting enzyme (ACE) inhibitors was 

compared with ACE inhibitors alone. The majority of patients (i.e. greater than 80 percent) were 

also taking digoxin, frusemide, hydralazine and/or nitrates. A single death in the placebo group 

was noted.
54

 No significant differences were noted in quality of life scores using the Minnesota 

“Living With Heart Failure” questionnaire (mean sum of all scores post-treatment 26.7±17.9 

versus 26.5±18.7). It is not clear whether the statistical analysis incorporated within patient 

differences in order to fully utilize the robustness of this crossover design. The strength of 

evidence is summarized in Table 13. 

Table 13. Strength of evidence for coenzyme Q10 plus ACE inhibitors versus ACE inhibitors alone 

Risk of Bias Consistency Directness Precision Additional 
Domain(s)  

Strength of 
Evidence  

Conclusions 

All-cause 
mortality 

      

Moderate NA Direct Imprecise  Insufficient The study was 
grossly 
underpowered for 
this outcome 

Quality of 
life 

      

Moderate NA Direct Imprecise  Insufficient No significant 
differences were 
noted. Type II 
error could not be 
excluded. 

 Abbreviations: ACE = angiotensin converting enzyme; NA = not applicable. 

Coenzyme Q10 plus statins versus statins alone  

Adherence. A 12 week pilot study of limited internal validity (unclear adequacy of sequence 

generation, allocation concealment and blinding) assessed adherence to statins. A select group of 

patients with moderate to high 10 year CHD risk and self reported statin associated myalgia were 

included. The trial did not demonstrate any difference in rates of adherence to simvastatin 

(10 mg/day to 40 mg/day) between add-on coenzyme Q10 (200 mg/day) and statin alone in 

patients with previous statin related myalgia. Adherence to simvastatin was 98 percent in both 

groups, but it is not clear how adherence was assessed.
37
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Ginkgo biloba 

Ginkgo Biloba plus antiplatelets versus antiplatelets alone  

All-cause mortality and neurologic recovery score. These outcomes with Ginkgo biloba 

extract (40 mg every six hours) were investigated over 4 weeks in 62 South Asian patients with 

previous ischemic stroke, who were on regular aspirin and/or pentoxphilline. 
48

 Trial limitations 

included unclear allocation concealment, attrition bias and potential imbalance between groups 

in terms of the nature of neurologic deficits. The trial was clearly underpowered and of too short 

duration to detect differences in all-cause mortality and neurologic improvement in the modified 

Mathew‟s scale. There were no deaths and no significant differences in neurologic recovery 

score after one month of treatment. The mean relative change from baseline in linear transformed 

Mathew‟s scale averaged approximately 20 in both groups, and showed improvement over time 

(mean difference 0.81 [95 percent CI, -9.12, 10.74]).
48

 Strength of evidence is summarized in 

Table 14. 

Table 14. Strength of evidence for Ginkgo biloba plus aspirin and/or pentoxphilline versus aspirin 
and/or pentoxphilline alone 

Outcome Risk of Bias Consistency Directness Precision Strength of 
Evidence  

Conclusions 

All-cause 
mortality 

Moderate NA Direct Imprecise Insufficient The study was 
grossly 
underpowered for 
this outcome 

Abbreviations: NA = not applicable. 

 

Oral Magnesium  

Magnesium plus beta-blockers versus beta-blockers alone 

Myocardial infarction. A single event of myocardial infarction was observed in a randomized 

crossover controlled trial of 365 mg oral magnesium aspartate or placebo administered daily for 

8 weeks to a selective group of 40 hypertensive patients with no comorbidities on therapeutic 

doses of beta-blockers. The trial was underpowered to detect differences in clinical outcomes and 

lacked a clear description of several risk of bias items.
42

 Strength of evidence is summarized in 

Table 15. 

Table 15. Strength of evidence for oral magnesium plus beta-blockers versus beta-blockers alone 

Outcome Risk of Bias Consistency Directness Precision Strength of 
Evidence  

Conclusions 

Myocardial 
Infarction 

Moderate NA Direct Imprecise Insufficient The study was 
grossly 
underpowered for 
this outcome 

Abbreviations: NA = not applicable. 
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Omega-3 fatty acids/fish oils 

Omega-3 fatty acids/fish oils  plus statins versus statins alone  

Mortality, arrhythmia, and adherence to medication. These outcomes were assessed in 5 

trials. 

Zero mortality in one randomized crossover pharmacokinetic study of 4 grams of omega-3 

fatty acids with 80 mg atorvastatin daily versus 80 mg/day atorvastatin monotherapy, over 14 

days in 50 healthy nonsmoking adults provided insufficient evidence.
35

  

In another study, a single case of supraventricular tachycardia (in the add-on 4 g/day omega-

3 fatty acid group) in an 8-week efficacy trial in 256 highly selected dyslipidemic patients on 

statin therapy constituted insufficient evidence for the arrhythmia outcome.
40

 There was also one 

case of exacerbation of congestive heart failure in the add-on omega-3 fatty acid group.
40

  

Rates of adherence to statin therapy were reported in three efficacy trials of 6-12 weeks 

duration in highly selected patient populations with dyslipidemia with or without add-on 4-9 

g/day of omega-3 fatty acids. All studies had unclear risk of bias for adequacy of sequence 

generation and allocation concealment. Adherence to statin therapy was judged by pill count. No 

differences in statin adherence rates were noted between both groups – across all three studies, 

adherence rates in the two groups were equal to or greater than 95 percent.
36,44,53

 Strength of 

evidence is summarized in Table 16.  

Omega-3 fatty acids/fish oils plus cardiovascular Drugs versus cardiovascular 

drugs alone 

Mortality, myocardial infarction, cardiovascular procedures, restenosis, coronary 

vasospasm and graft occlusion. These outcomes were assessed with various cardiovascular 

drugs. Insufficient evidence from single efficacy trials with sparse events did not demonstrate a 

difference in the outcome of all-cause mortality when study cardiovascular drugs were either 

aspirin (291 high risk patients followed for 1 year, with 9 deaths), warfarin (319 high risk 

patients followed for 1 year with 5 deaths), or fenofibrate (unclear 10 year CHD risk in 167 

participants with hypertriglyceridemia followed for 8 weeks with no deaths) (Table 16).
47,56

  

In a 6 month efficacy study in 58 patients who underwent successful coronary angioplasty, 

with ten capsules of fish oil daily (1.8 g eicosapentaenoic acid plus 1.2 g docosahexaenoic acid) 

in addition to therapeutic doses of aspirin plus calcium channel antagonist versus the latter two 

drugs alone, six cases of acute myocardial infarction were identified (RR 1.70 [95 percent CI 

0.32, 8.84]) (Table 16).
51

 The same study reported non-significant differences in numbers of 

patients undergoing angioplasty (n=26; RR 1.35 [95 percent CI 0.68, 2.70]) and coronary artery 

bypass graft (CABG) (n=4; RR 0.84 [95 percent CI 0.12, 5.78]).
51
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Table 16. Strength of evidence for omega-3 fatty acids/fish oils plus cardiovascular drug(s)* 
versus the cardiovascular drug(s) alone 

 Risk of 
Bias 

Consistency Directness Precision Strength of 
Evidence  

Conclusions 

Statins       

All-cause 
mortality 
and 
arrhythmia 

Moderate NA Direct Imprecise Insufficient Studies were 
grossly 
underpowered for 
both outcomes 

Aspirin, 
warfarin or 
fenofibrate  

      

All-cause 
mortality 

Moderate NA Direct Imprecise Insufficient Studies were 
grossly 
underpowered.  
Aspirin+omega-3 
fatty acids RR 1.29 
(95% CI, 0.35, 4.72) 
Warfarin+omega-3 
fatty acids RR 1.25 
(95% CI, 0.21, 7.38) 
Fenofibrate+omega-
3 fatty acids RR was 
not estimable 
because of zero 
deaths  

Aspirin and 
calcium 
channel 
antagonist 

      

Acute 
myocardial 
infarction 

Moderate NA Direct Imprecise Insufficient Single study, 
underpowered for 
clinical events 

*Cardiovascular drugs were either aspirin, warfarin, or fenofibrate 

Abbreviations: CI = confidence interval; NA = not applicable; RR = relative risk;  

 

Coronary artery restenosis. Rates of restenosis were investigated with coronary angiography 3 

to 4 months following successful angioplasty, in 82 highly selected male patients. We included 

this outcome in a post hoc decision given its clinical relevance.
52

 Restenosis was defined as 50 

percent narrowing of the luminal diameter. Outcome assessors were blinded to treatment 

allocation. In this randomized trial, patients were treated either with a daily dose of 3.2 grams of 

eicosapentaenoic acid added to therapeutic doses of the combination of aspirin, dipyridamole, 

and calcium channel antagonists, or the latter three drugs alone in combination. Significantly 

lower rates of restenosis were observed in the treatment group (RR 0.40, 95 percent CI, 0.20, 

0.82); however, the mean percentage reduction in luminal diameter was not significantly 

different between the two groups. These results conflict with a similar trial conducted in India in 

107 patients, that found no significant difference in rates of early restenosis (RR 1.33, 95% CI, 

0.76, 2.30).
51

 Restenosis rates were not significantly influenced by gender nor age (p greater than 

0.05 for interaction).
51

 Possible explanations for these differing trial results, besides differences 

in patient populations, include that in the Indian trial patients were not treated with dipyridamole, 

and that followup angiography was only conducted in those with anginal symptoms or a positive 

exercise test (unlike the previous trial that undertook followup angiography in all patients), 

thereby potentially biasing the results by excluding healthier individuals.  
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Coronary vasospasm induced by intracoronary acetylcholine was studied in 22 Japanese 

patients with variant angina randomized to 4 months treatment with therapeutic doses of 

diltiazem plus 1.8 g eicosapentaenoic acid, or diltiazem alone. Patients served as their own 

controls. Acetylcholine induced vasoconstriction, measured as percentage change in post nitrate 

coronary artery diameter compared to the baseline response, was significantly improved in the 

omega-3 fatty acids but not the control group.
50

 The report was unclear as to how the 

randomization sequence was generated, allocation was concealed, and outcome assessors were 

blinded. Based on the reported data, our comparative analysis of post treatment percentage 

change in coronary artery diameter following intracoronary acetylcholine injection showed 

nonsignificant differences between supplement plus diltiazem and diltiazem alone groups 

(percentage mean difference in spastic segment was -1.3 [95 percent CI -10.34, 7.74)] and in 

nonspastic segments was 0.9 [95 percent CI -4.56, 6.36])  

 Coronary bypass graft occlusion rates were evaluated after one year, in 610 participants on 

either aspirin (300 mg/day) or warfarin (target prothrombin International Normalized Ratio 

[INR] 2.5-4.2), in conjunction with placebo or with 4 g/day of omega-3 fatty acids plus 15 

mg/day of α-tocopherol as an anti-oxidant.
47

 Graft occlusion was predefined as visualization of 

the lack of contrast flow on followup angiography. An important limitation of this randomized 

trial was its lack of clear reporting of adequate allocation concealment. No significant differences 

in graft occlusion rates were noted, but studies were likely underpowered to detect a difference 

(Table 17). 
 

Table 17. Graft occlusion rates with omega-3 fatty acids and α-tocopherol 

Occlusion subtype Drugs and supplements  RR (95% CI) 

Internal mammary artery graft occlusion   

 Warfarin+ omega-3 fatty acids+ α-tocopherol  1.25 (0.70, 2.23) 

 Aspirin+ omega-3 fatty acids+ α-tocopherol 1.03 (0.50, 2.14) 

Vein graft occlusion, distal anastomosis    

 Warfarin+ omega-3 fatty acids+ α-tocopherol 0.84 (0.66, 1.07)  

 Aspirin+ omega-3 fatty acids+ α-tocopherol 0.83 (0.65, 1.06) 

Patients with > 1 occluded vein graft   

 Warfarin+ omega-3 fatty acids+ α-tocopherol 0.79 (0.62, 1.01) 

 Aspirin+ omega-3 fatty acids+ α-tocopherol 0.89 (0.69, 1.15) 

Abbreviations: CI = confidence interval; RR = relative risk. 

 

Vitamin E (α-Tocopherol) 

Vitamin E plus cardiovascular drug versus cardiovascular drug alone 

Stroke, transient ischemic attacks, adherence, angina, myocardial infarction, and vascular 

death. These outcomes were assessed in five trials.  

In an efficacy trial, 100 highly selected patients with previous reversible or irreversible 

ischemic neurologic deficit and good performance status presenting to a university hospital were 

randomized to vitamin E (0.4 g/day) plus aspirin (325 mg/day) versus aspirin alone for a period 

of two years. Few patients experienced outcomes of stroke (n=9; ischemic 7, hemorrhagic 2), 

and recurrent transient ischemic attack (n=3), precluding definitive conclusions (Table 18).
49
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Table 18. Strength of evidence for vitamin E plus aspirin versus aspirin alone 

 Risk of 
Bias 

Consistency Directness Precision Strength 
of 
Evidence  

Conclusions 

Aspirin       

All stroke, 
ischemic 
stroke, 
hemorrhagic 
stroke and 
transient 
ischemic 
attacks 

Moderate NA Direct Imprecise Insufficient Small efficacy 
trial clearly 
underpowered 
for clinical 
events 

Abbreviation: NA = not applicable 

 

Adherence to a statin was reported as an outcome in one trial that randomized a highly 

selected group of 220 hypercholestrolemic patients with normal triglycerides on a standardized 

diet of 100 mg/day of vitamin E plus 20 to 40 mg/day of pravastatin versus pravastatin alone.
46

 

Ninety eight percent of all patients were compliant with their treatment.  

In one pragmatic trial in 19934 women randomized to 600 IU of vitamin E plus 100 mg/day 

of aspirin versus aspirin alone for 10 years, no significant differences were noted for the 

composite outcome of nonfatal myocardial infarction, nonfatal stroke, and vascular death (RR 

0.95 [95 percent CI 0.79, 1.13]).
38

 Data regarding the total number of participants randomized 

into the two groups were obtained from the authors.  

Two trials, each of one month duration, in a total of 60 highly selected Japanese patients with 

variant angina, were inconclusive for the mean number of angina attacks per patient following 

addition of vitamin E (400 mg/day) to therapeutic doses of diltiazem (mean difference [MD] -

0.40 [95 percent CI -0.88, 0.08]) (Figure 3) .
43,45

  



36 

Figure 3. Forest plot of the mean number of angina attacks for participants administered vitamin E 
plus aspirin versus aspirin alone 

Overall

Miyamoto, 2004

Motoyama,1998

Weights          Mean Difference and 95% CI

-0.20 [ -0.26 , -0.14 ]

-0.70 [ -1.13 , -0.27 ]40.47

59.53
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Favors Supplement + Drug(s) Favors Drug(s) Alone

Heterogeneity: I-squared=80.13; Chi-squared=5.03; P-value=0.02

-0.40 [ -0.88 ,  0.08 ]

 

 

Applicability. Cardiovascular drug adherence was investigated in outpatient specialty clinics in 

Italy over a period of three months, in nondiabetic patients with hypercholesterolemia but normal 

triglycerides, in good general health, and without recent CVD.
46

 The composite cardiovascular 

outcome was investigated in a pragmatic trial in women, over a period of 10 years.
38

  

Vitamin K 

Vitamin K  plus coumarin derivative versus coumarin derivative alone  

Mortality, stroke and myocardial infarction. These outcomes were investigated in two 6 

month efficacy trials in selected groups of patients anticoagulated for a period of 9 months to a 

year, with or without add-on daily vitamin K ranging from 100 g/day to 150 g/day. No 

thrombotic event of unstable angina, myocardial infarction or stroke was reported.
39,41

 Sparse 

data on mortality precluded meaningful synthesis; a total of 3 deaths in 270 patients were 

observed across the two trials.
39,41

 Over 90 percent of patients for whom adherence data were 

available (i.e. 80 percent of 200) in both groups were considered adherent because they had used 

over 90 percent of their study medication.
39

 Strength of evidence is summarized in Table 19. 
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 Table 19. Strength of evidence for vitamin K plus coumarin derivative versus coumarin alone 

Cardiovascular 
drug / 
Outcome 

Risk of 
Bias 

Consistency Directness Precision Strength of 
Evidence  

Conclusions 

Coumarin 
derivative 

      

All-cause 
mortality, 
stroke, and 
myocardial 
infarction 

Moderate NA Direct Imprecise Insufficient Two small trials 
clearly 
underpowered 
for clinical 
events 

Abbreviations: NA = not applicable 

 

Applicability. The trial reporting data on adherence included specialty clinic patients with an 

expected survival greater than 6 months who were previously known to be compliant with study 

medication.
39

 Another trial included patients with atrial fibrillation anticoagulated with warfarin, 

and having unstable INR.
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Summary of Results for KQ1 

 For Key Question 1, we compared dietary supplement(s) coadministered with 

cardiovascular drug(s), with the cardiovascular drug(s) alone to investigate comparative clinical 

efficacy/effectiveness, subgroup effect and statistical interactions.  

 Twenty-two randomized controlled trials contributed evidence. 

 No data was available from observational studies. 

 With no data, there was insufficient evidence for the outcomes of hospitalization and 

those related to peripheral arterial disease across all supplement-cardiovascular drug(s) 

combinations. 

 No evidence on clinical outcomes was found for Echinacea, garlic, ginger, ginseng, 

hawthorne, niacin (not more than 250 mg/day), red yeast rice extract, resveratrol, vitamin A, and 

vitamin D (with or without calcium supplementation) coadministered with a cardiovascular 

drug(s)  

 A paucity of studies of supplement-drug combinations for which data was available 

precluded exploration of heterogeneity in terms of pre-identified subgroups. 

 No study analyzed statistical interaction between a supplement and a cardiovascular drug 

on clinical outcomes. 

 For all predetermined gradable clinical outcomes for which evidence was found, the 

strength of evidence of comparative efficacy or effectiveness was graded insufficient because 

type II error could not be excluded due to the low power of studies. When compared with the 

specific cardiovascular drug alone, insufficient evidence was found for an effect of coenzyme 

Q10 coadministered with ACE inhibitors on all-cause mortality and quality of life; Ginkgo 

biloba plus aspirin and/or pentoxyphilline on all-cause mortality; oral magnesium and β-blockers 

on myocardial infarction; omega-3 fatty acids/fish oils plus statins on all-cause mortality and 

arrhythmia; omega-3 fatty acids/fish oils plus aspirin, warfarin or fenofibrate on all-cause 

mortality; omega-3 fatty acids/fish oils plus aspirin and calcium channel antagonist on acute 

myocardial infarction; vitamin E plus aspirin on stroke and transient ischemic attacks; and 

vitamin K plus coumarin derivative on all-cause mortality, stroke and myocardial infarction. 

 No differences in adherence to statins were noted with coadministration of coenzyme 

Q10, omega-3 fatty acids, and vitamin E, with adherence rates greater than 90 percent in both 

drug plus supplement and drug alone groups. Evidence supporting benefit of omega-3 fatty acids 

added to conventional antiplatelet therapy and calcium channel antagonists on rates of restenosis 

following successful coronary angioplasty is conflicting. Underpowered studies addressed all 

other outcomes such as exacerbation of congestive heart failure, number of patients undergoing 

cardiac procedures, graft occlusion, neurologic recovery score, coronary vasospasm, and number 

of angina attacks in patients with variant angina for various dietary supplement and 

cardiovascular drug combinations   

 Most studies were short-term efficacy trials, except one pragmatic trial on 19934 women 

randomized to 600 IU of vitamin E plus 100 mg/day of aspirin versus aspirin alone for 10 years. 

In this trial, no significant differences were noted for the composite outcome of nonfatal 

myocardial infarction, nonfatal stroke, and vascular death (RR 0.95, 95 percent CI, 0.79, 1.13). 
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Key Question 2 

In adults taking cardiovascular drugs, what are the effects of concomitant 
use of specific dietary supplements (when compared to cardiovascular 
drugs alone or cardiovascular drugs and a different dietary supplement[s]) 
on intermediate cardiovascular efficacy outcomes (e.g., lipids, blood 
pressure, electrocardiographic measurements, serum markers, bleeding, 
and coagulation times)? 

Do the effect estimates of intermediate cardiovascular outcomes vary by 
age, ethnicity, gender, or health status? 

Is there a measurable interaction between cardiovascular drugs and dietary 
supplements for intermediate cardiovascular outcomes? 

Overview of included studies 

Fifty-eight RCTs and one CCT addressed Key Question 2. The dietary supplements used in 

the studies were the following: co-enzyme Q10 (5 studies),
37,54,60-62

 echinacea (1 study),
63

 garlic 

(4 studies),
58,64-66

 ginger (1 study),
67

 ginkgo biloba (5 studies),
67-71

 ginseng (3 studies),
72-74

 

hawthorne (1 study),
75

, magnesium (3 studies),
42,76,77

 niacin (1 study),
78

 omega-3/fish oil (23 

studies),
36,40,44,50-53,55,56,79,80,90-94,96-98,139-142

 vitamin E (11 studies),
46,49,59,81-88

 and vitamin K (2 

studies)
39,41

.  

The trials were conducted in North America (15.3 percent), Australia/New Zealand (10.2 

percent) , Europe (17 percent), and Asia (10.2 percent) (Table 20). The geographic region was 

unclear in about 36 percent of studies.  

The participants across studies received the following cardiovascular drugs: statins, calcium 

channel blockers, niacin (above 250 mg), angiotensin-converting enzyme inhibitors (ACEI), 

aspirin, thienopyridine antiplatelets, beta-blockers, anticoagulants, fenofibrates, cilostazol, 

diuretics, or nitrates. Most participants had either mixed (low and/or moderate) or unclear CHD 

risk (27.1 percent and 37.3 percent respectively). The studies were conducted in specialty care 

(23.7 percent) or primary care/community (32.2 percent) settings (Table 20). Study setting was 

unclear for 44 percent of the studies. Ten trials included only male 

participants.
44,52,63,65,67,68,70,71,74,97

 Of the 18 studies that reported race or ethnicity, the majority of 

participants were Caucasian in 5 studies, Asian in 3 studies, and Hispanic in 2 studies. Sparse 

data addressed subgroups, such as males/females, ethnic groups, and the elderly. Few studies for 

each supplement-drug combination of interest precluded exploration of heterogeneity in terms of 

pre-identified subgroups.  

 All evidence was based on data from RCTs of which 20 percent reported adequate 

generation of allocation sequence and only 7 percent reported adequate allocation concealment 

(Table 21). In about 20 percent of studies, participants, healthcare providers, or outcome 

assessors were blinded to treatment allocation. In all crossover trials the study design was 

deemed to be suitable for the studied condition. Most of these trials were judged to be free of 

carryover effect (63 percent). In about half of the trials (46 percent), groups were judged to be 

not comparable in one or more baseline characteristics. For a little over a half of the studies (56 

percent), blinding of participants, healthcare providers, or outcome assessors was unclear.   
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No study addressed the following outcomes: incidence of metabolic syndrome, incidence of 

hypotension, carotid-intima media thickness, and change in 10-year Framingham risk profile. 

Only two studies examined statistical interaction.
44,80

 One study used general linear modeling to 

assess interaction between fish/marine oils and atorvastatin on lipid parameters.
44

 The other 

study used ANOVA to assess interaction between omega-3 fatty acids and niacin/aspirin on 

triglycerides.
80

  

No relevant data were available from observational studies. There was one systematic review 

which reported the effectiveness of concomitant administration of omega-3 fish oil plus statins 

compared to statins alone on lipid profiles in participants requiring lipid lowering therapy.
137

 

Details of individual study characteristics, risk of bias and outcomes data are reported in 

Appendix C. 
 

Table 20. Characteristics of studies addressing key question 2 

Characteristic Distribution  

Sample CHD risk   Low 8.0% 

 Moderate to moderately high 1.7% 

 High 20.3% 

 Mixed 27.1%  

 Unclear 37.3% 

Geographical region  North America 15.3% 

 Europe 17.0% 

 Australia/New Zealand 10.2% 

 East Asia 6.8% 

 Rest of Asia 3.4% 

 NR 35.7%  

Setting  Primary care/community 32.2% 

 Specialty care 23.7% 

 NR 44.1% 

Duration Mean 10 weeks (SD 14.7) 
Range 1 week to 2 years  

Total N randomized Mean 50.6(SD 51.7), range 10 to 256, total across studies = 2,987 

Age Mean age 49.8 years (SD 14.4)  

Gender Ten Trials exclusively in males.
44,52,63,65,67,68,70,71,74,97

  
Of the mixed gender studies, 32.6% included females representing less than 40% of 
study sample 

Race/Ethnicity  Eighteen (30.5%) studies reported race/ethnicity distribution.  
Five studies included a majority of Caucasian participants.  
Three studies included all Asians,

50,61,71
  

Two studies included majority of Hispanics.
55,96

 

Abbreviations: CHD = coronary heart disease; N = total number in trial; NR = not reported; SD = standard deviation. 

 

Table 21. Risk of bias and potential for conflict of interest in included studies. 

Items Yes No Unclear 

All RCTs % of total studies (N=59) 

Adequate generation of 
allocation sequence  

20.3 1.7 78.0 

Allocation concealment  6.8 0.0 93.2 

Comparability of groups 8.5 45.8 45.8 

Purity of supplement 81.4 11.9 6.8 

Blinding of allocated 20.3 23.7 55.9 
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intervention 

Adequately addressed 
missing data 

62.7 3.4 33.9 

Freedom from potential for 
conflict of interest 

22.0 30.5 47.5 

Crossover RCTs % of total crossover studies (N=19)  

Suitability of crossover 
design for the study 
condition  

100 0 0 

Free of carryover effect  26.3 63.2 10.5 

Appropriateness of 
statistical analysis for 
crossover design  

21.1 21.1 57.9 

Comparability of groups 
between periods 1 and 2 

10.5 0.0 89.5 

Freedom from bias 
introduced by dropouts  

5.3 78.9 15.8 

 

The availability of evidence is summarized in Table 22. Across studies, participants received 

the following cardiovascular drugs: statins; calcium channel blockers; niacin; angiotensin-

converting enzyme inhibitors (ACE-I); aspirin; thienopyridine antiplatelets; beta-blockers; 

anticoagulants; fenofibrates; cilostazol; diuretics; and nitrates. No study addressed the following 

outcomes: incidence of metabolic syndrome; incidence of hypotension; carotid-intima media 

thickness; or change in 10-year Framingham risk profile. Only two studies examined statistical 

interaction.
44,80

 One study used general linear modeling to assess interaction between fish/marine 

oils and atorvastatin on lipid parameters.
44

 The other study used ANOVA to assess interaction 

between omega-3 fatty acids and niacin plus aspirin on triglyceride levels.
80
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Table 22. Overview of availability of evidence. 

Supplement and 
cardiovascular drug(s) 

Outcome Number of Studies 

Coenzyme Q10     

ACE inhibitors* Ejection Fraction 1 

Fenofibrate Lipid Profile 
Blood Pressure – Systolic 

1 

Statins Lipid Profile 3 

Echinacea     

Warfarin INR 
Platelet Aggregation 

1 

Garlic     

Nitrates Lipid Profile 1 

Statins + Aspirin Lipid Profile 
CRP 
Platelet Count 
Coronary Artery Calcification 

1 

Warfarin Lipid Profile 
Blood Pressure – Systolic and Diastolic 
Platelet Count 
Platelet Aggregation 

1 

 INR 2 

Ginger     

Warfarin INR 
Platelet Aggregation 

1 

Ginkgo biloba     

Aspirin  Lipid Profile 
Blood Pressure – Systolic and Diastolic 
Clotting Time 
Bleeding Time 
Platelet Count 
Partial Thromboplastin Time 

1 

 Platelet Aggregation 2 

Antiplatelet drugs – 
thienopyridines 

Blood Pressure – Systolic 
Clotting Time 
Platelet Count 

1 

 Platelet Aggregation 
Bleeding Time 

2 

Cilostazol Blood Pressure – Systolic 
Platelet Aggregation 
Bleeding Time 
Clotting Time 
Platelet Count 

1 

Warfarin INR 
Platelet Aggregation 

1 

Ginseng     

Warfarin INR 3 

  Prothrombin Time 
Platelet Count 
Platelet Aggregation 

1 

Hawthorne     

Digoxin PR Interval 1 

Magnesium   

Beta-Adrenergic Antagonists Blood Pressure – Systolic and Diastolic 1 

Hydrochlorothiazide Lipid Profile 1 

 Blood Pressure – Systolic and Diastolic 2 

Niacin ≤ 250 mg   

Propranolol Lipid Profile 1 

Omega-3 Fatty Acids /    



43 

Supplement and 
cardiovascular drug(s) 

Outcome Number of Studies 

Fish Oil 

ACE inhibitors Lipid Profile 
Blood Pressure – Systolic and Diastolic 

2 

 Urinary Protein Excretion 
Reduction in Proteinuria 

1 

Aspirin Lipid Profile 
Platelet Count 
Bleeding Time 

2 

 Blood Pressure – Systolic and Diastolic 1 

Beta-Adrenergic Antagonists Blood Pressure – Systolic and Diastolic 1 

Calcium Channel Blockers Lipid Profile 1 

Calcium Channel Blockers 
with + Aspirin  
(with or without 
dipyridamole) 

Lipid Profile 2 

 Platelet Count 1 

Fenofibrate Lipid Profile 
Incidence of Hypertension 

1 

Niacin + Aspirin Lipid Profile 1 

Statins Lipid Profile 11 

 Blood Pressure – Systolic and Diastolic 
Platelet Count 

3 

 CRP 
Blood Coagulation 
Bleeding Time 

1 

Warfarin INR 1 

Vitamin E   

Antiplatelets Lipid Profile 
Platelet Aggregation 

1 

Furosemide Blood Pressure – Systolic and Diastolic 1 

Gemfibrozil Lipid Profile 
Blood Pressure – Systolic and Diastolic 

1 

Nifedipine Lipid Profile 
Blood Pressure – Systolic and Diastolic 

1 

Statins Lipid Profile 6 

 CRP 
Prothrombin Time 
Platelet Count 

1 

Vitamin K   

Anticoagulants INR 2 

Note: * Subjects were also taking digoxin, furosemide, hydralazine, or nitrates.  

ACE = angiotensin converting enzyme; CRP = C-reactive protein; INR = international normalized ratio 

 

Coenzyme Q10 

Five RCTs, including four parallel-arm trials,
37,60-62

 and one crossover trial
54

 examined 

cardiovascular drugs with and without coenzyme Q10. The trials were conducted in 

Australia,
37,54,60

 North America,
62

 and East Asia.
61

 The number of included participants across 

these trials ranged from 30
54

 to 49,
61

 and they received statins (atorvastatin, simvastatin),
37,61,62

 

fenofibrate
60

 or Angiotensin-Converting Enzyme inhibitors (ACE-I) (specific agents not 

specified) in addition to other cardiovascular drugs (digoxin, furosemide, hydralazine, and 

nitrates).
54

 According to the National Cholesterol Education Program, Adult Treatment Panel 

III,
154

 the study participants were categorized as having a high,
54,60

 unclear,
61,62

 or mixed 

(moderate and high)
37

 risk for coronary heart disease (CHD). The duration of treatment across 
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the studies ranged from 4
62

 to 12 weeks.
37,54,60,61

 Further details on study, participant, and 

treatment characteristics are presented in Appendix C .  

Summary of findings, strength of evidence, and applicability data are presented in Table 23. 

No meta-analysis was possible for coenzyme Q10 studies because when more than one study 

reported a particular outcome,
37,61,62

 the treatment effect was either not reported,
62

 or it was 

reported as a median (interquartile range) change
37

 thereby rendering the study results unsuitable 

for statistical pooling.  

Coenzyme Q10 plus statins versus statins alone  

C-reactive protein (CRP). One placebo-controlled parallel-arm randomized trial in participants 

with unclear CHD risk reported this outcome.
61

 The 12-week mean CRP levels were not 

different between groups with add-on dietary supplement treatment (100 mg/d) versus the statin-

only (10 mg/d) group (MD 0.02 mg/L [95 percent CI -0.64, 0.68]).  

High density lipoprotein-cholesterol (HDL-C). This outcome was reported in two placebo-

controlled parallel-arm randomized trials in participants with unclear or mixed CHD risk.
37,61

 In 

one trial, mean HDL-C levels after 12 weeks of treatment were not significantly different for 

those receiving coenzyme Q10 (100 mg/d) plus statins (10 mg/d) versus those receiving only 

statins (5.02 mg/dL [95 percent CI -3.73, 13.77]).
61

 Similarly, in the second trial (200 mg/d 

coenzyme Q10, 10-40 mg/d statins), there was no significant between-group difference for the 

median change in HDL-C (0.39 mg/dL versus -0.77 mg/dL, p=0.65).
37

  

Low density lipoprotein-cholesterol (LDL-C), total cholesterol and triglycerides. These 

outcomes were reported in three trials of participants with mixed
37

 or unclear CHD risk.
61,62

 

Levels were not significantly different following treatment with coenzyme Q10 plus statins 

compared with statins alone for 4 
62

 or 12 weeks.
37,61

 In one trial,
61

 the mean differences were not 

significant for LDL-C (MD 8.12 mg/dL [95 percent CI -3.79, 20.03]); total cholesterol (MD 11.9 

mg/dL [95 percent CI -3.55, 27.53]); and triglycerides (MD -21.26 mg/dL [95 percent CI -48.88, 

6.36]). Similarly, in another trial, there was no significant between-group difference for the 

median change in LDL-C (-65.73 mg/dL versus -50.27 mg/dL, p=0.53); total cholesterol (-58.00 

mg/dL versus -61.87 mg/dL, p=0.57); or triglycerides (-35.43 mg/dL versus -26.57 mg/dL, 

p=0.90).
37

 No numerical data were reported for one trial.
62

 

Coenzyme Q10 plus ACE inhibitors  versus ACE inhibitors alone 

Participants were also taking digoxin, furosemide, hydralazine, or nitrates. 

Ejection fraction. One randomized crossover trial in participants with heart failure (HF) at high 

CHD risk reported this outcome.
54

 The 12 week post-treatment ejection fraction in the treatment 

(100 mg daily coenzyme Q10 plus unknown dose of ACE inhibitors) and control (ACE 

inhibitors alone) groups did not differ (MD 0 percent [95 percent CI -4.75, 4.75]).  

Coenzyme Q10 plus fenofibrate versus fenofibrate alone  

Lipid profiles and systolic blood pressure. These outcomes were reported in one parallel arm 

randomized trial in participants with type II diabetes and high CHD risk.
60

 The 12 week post-

treatment mean levels in the treatment (200 mg/d coenzyme Q10 plus 200 mg/d fenofibrate) and 

control (fenofibrate alone) groups did not significantly differ for any of the outcomes assessed. 

Results were as follows: HDL-C (MD -1.55 mg/dL [95 percent CI -6.78, 3.68]), LDL-C (MD 

3.87 mg/dL [95 percent CI -19.30, 27.04]), total cholesterol (MD 0 mg/dL [95 percent CI -23.17, 
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23.17]), triglycerides (MD 8.85 mg/dL [95 percent CI -52.49, 70.19]), non-HDL-C (mean 

difference: 0.87 mg/dL [95 percent CI -22.30, 24.04]), and systolic blood pressure (MD -3.40 

mm Hg [95 percent CI -15.56, 8.76]).  

Risk of bias. Generally, these studies were reported to be double-blind and had moderate risk of 

bias across the outcomes of interest. The wash-out period in the one cross-over trial was 

adequate to minimize or avoid a carryover treatment effect.
54

 

Applicability. Low grade evidence of no effect on HDL-C was found in a primarily (70 percent) 

male population, of mean age 53 years, with high risk for cardiovascular disease. Treatment was 

over 12 weeks, with fenofibrate and with or without coenzyme Q10. 
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Table 23. Summary of findings and strength of evidence for cardiovascular drugs with and without 
coenzyme Q10. 

Cardiovascular 
drug(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Treatment effect
 

and conclusion*
 

MD (95% CI) 

Statins        

CRP
61

 
 

- - - - - No difference 
0.02 mg/L (-0.64, 
0.68) 

HDL-C
37,61

 Moderate Consistent Indirect Imprecise Insufficient Inconclusive 
5.02 mg/dL (-3.73, 
13.77)

61
 

Arm-specific 
median change 

37 †
 

LDL-C
37,61,62

 Moderate Consistent Indirect Imprecise Insufficient Inconclusive 
8.12 mg/dL (-3.79, 
20.03) )

61
  

Arm-specific 
median change 

37 
 

NR
62

 

TC (mg/dL) 
37,61,62

 Moderate Consistent Indirect Imprecise Insufficient Inconclusive 
11.9 (-3.55, 27.53)

61
 

Arm-specific 
median change 

37 
 

NR
62

  

TG (mg/dL)
37,61,62

 Moderate Consistent Indirect Imprecise Insufficient Inconclusive 
-21.26 (-48.88, 
6.36) 

61
  

Arm-specific 
median change

37
  

NR
62

  

ACE inhibitors        

Ejection fraction 
(%)  

- - - - - No difference 
0 (-4.75, 4.75) 

Fenofibrate        

HDL-C (mg/dL) 
60

  
Moderate 

NA Indirect Precise Low No difference 
-1.55 (-6.78, 3.68) 

LDL-C (mg/dL) 
60

 Moderate NA Indirect Imprecise Insufficient Inconclusive 
3.87 (-19.30, 27.04) 

TC (mg/dL) 
60

 Moderate NA Indirect Imprecise Insufficient Inconclusive 
0 (-23.17, 23.17) 

TG (mg/dL) 
60

 Moderate NA Indirect Imprecise Insufficient Inconclusive 
8.85 (-52.49, 70.19) 

Non-HDL-C 
(mg/dL) 

60
 

Moderate NA Indirect Imprecise Insufficient Inconclusive 
0.87 (-22.30, 24.04) 

SBP (mmHg) 
60

 Moderate NA Indirect Imprecise Insufficient Inconclusive 
-3.40 (-15.56, 8.76) 

Notes: * Mean difference and 95 percent confidence interval; range for mean difference given only when evidence 
consists of multiple studies that were not pooled 
† 

Arm-specific median change (from baseline) was not used to assess the domain of precision 
Abbreviations: ACE = angiotensin-converting enzyme; CHD = coronary heart disease; CRP = C-reactive protein; 
HDL-C = high density lipoprotein; LDL-C = low density lipoprotein; NA = not applicable; NR = not reported; TC = total 
cholesterol; TG = triglycerides pressure; RCT = randomized controlled trial; SBP = systolic blood pressure; wk(s) = 
week(s); yr(s) = year(s).
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Echinacea 

Echinacea  plus warfarin versus warfarin alone  

One crossover RCT in 12 healthy male volunteers examined the effect of 2 weeks pre-

treatment with Echinacea (600 mg of E. angustifolia root plus 675 mg of E. purpurea root daily) 

and a single dose of warfarin (25 mg) versus warfarin alone.
63

 

There was no effect on INRmax (mean difference [MD] 0.10 [95 percent CI -0.20, 0.40] and 

geometric mean ratio [GMR] 1.04 [90 percent CI 0.95, 1.13]), AUC of INR (MD 2.50 [95 

percent CI -17.72, 22.72] and GMR 1.09 [95 percent CI 0.91, 1.31]), or measures of platelet 

aggregation (using three different platelet agonists: adenosine diphosphate, arachidonic acid and 

collagen; data not shown). Further details on study, participant, and treatment characteristics are 

presented in Appendix C. Strength of evidence is summarized in Table 24.  

 
Table 24. Strength of evidence for warfarin with and without Echinacea. 

Cardiovascular 
drug(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Treatment effect and 
conclusion 
MD (95% CI) 

Warfarin        

Blood pressure 
 

Moderate NA 
 

Indirect 
(surrogate) 

Imprecise Insufficient No difference 

Systolic blood pressure: 
2.20 mm Hg (-8.98, 
13.38) 
Diastolic blood 
pressure:  
-0.80 mm Hg (-8.21, 
6.61) 

Abbreviations: CI = confidence interval; MD = mean difference; mm Hg = millimeters of mercury. 

 

Garlic 

Garlic plus warfarin versus warfarin alone  

Two small RCTs, one parallel-group
64

 and one crossover
65

 trial, examined the effect of 

treating patients on warfarin with garlic extracts. Both studies concluded that supplementation 

with garlic in patients taking warfarin does not further affect INR, based on various measures 

including INR (MD -0.20 [95 percent CI -0.83, 0.43]),
64

 INRmax (MD - 0.10 [95 percent CI -

0.63, 0.43]),
65

 AUC of INR (MD 4.30 [95 percent CI -35.90, 44.50]) 
65

 and the number of 

participants with an INR greater than 4 (no events in either arm).
65

  

One study
64

 in 48 participants with prosthetic heart valves, or diagnosed with deep vein 

thrombosis, valvular heart disease, or atrial fibrillation assessed the effect of aged garlic extract 

(AGE) (10 mL/d) plus warfarin (dose not reported) on lipid levels. No significant effects were 

seen for total cholesterol (MD 12.50 mg/dL [95 percent CI -3.74, 28.74]), LDL-C (MD 4.20 

mg/dL [95 percent CI -12.01, 20.41]) or triglycerides (MD 31.90 mg/dL [95 percent CI -23.66, 

87.46]). However, there was a statistically significant increase in HDL-C in the combination 

group (MD 4.50 mg/dL [95 percent CI 0.19, 8.81]). Blood pressure was not significantly affected 

(systolic MD 2.20 mmHg [95 percent CI -8.98, 13.38] and diastolic MD -0.80 mmHg [95 

percent CI -8.21, 6.61]), nor platelet count (data not shown).  
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The crossover study
65

 found no significant effect of pretreatment with garlic (4 g/d) plus a 

single dose of warfarin (25 mg) on platelet aggregation (using four different agents: adenoside 

diphosphate, arachidonic acid, collagen and ristocetin; data not presented). Participants in this 

trial were 23 healthy male adults of known CYP2C9 and VKORC1 genotype. 

All results for major review outcomes, aside from HDL-C, were considered to have 

insufficient strength of evidence (Table 25). The strength of evidence for HDL-C was initially 

rated as insufficient by one reviewer because the lower bound confidence interval of 0.19 mg/dL 

is not clinically meaningful. A second reviewer provided a rating of low because the estimate is 

statistically significant. Adjudication by a third reviewer led to a final rating of low.  

Garlic  plus nitrates versus nitrates alone  

One CCT
58

 recruited 60 participants with coronary artery disease to receive either garlic oil (4 

g/day) or placebo in addition to their prescribed nitrates (specific drugs and doses were not 

reported). Compared to placebo, administration of garlic was found to significantly decrease total 

serum cholesterol (MD -28.20 mg/dL [95 percent CI -48.30, -8.10]) and increase serum HDL-C 

(MD 8.40 mg/dL [1.91, 14.89]).
58

 Serum triglycerides were also reduced but the comparison was 

not statistically significant. These results were considered to provide insufficient strength of 

evidence for triglycerides and low strength of evidence for HDL-C in favor of combination 

treatment (Table 25). 

Garlic plus statins and aspirin versus statins and aspirin alone   

One small parallel group trial
66

 randomly allocated 23 participants with, or at high risk for, 

coronary artery disease to receive AGE (4 mL/d) or placebo in addition to their prescribed statins 

(10-40 mg/d) and aspirin (dose not specified). Compared with placebo, administration of AGE 

was not found to have a significant effect on lipid parameters (total cholesterol, TC/HDL, HDL-

c, LDL-c, triglycerides), CRP, or platelet count.  

This study also examined two measures of coronary artery calcification: volume calcium 

score (using isotropic interpolation method) and Agatston calcium score (multiplying the lesion 

area by a coefficient based on the peak density within plague). The first measure was found to be 

significantly lowered by supplementation with garlic compared with placebo (volume calcium 

score: -83.80 mm
3
 [95 percent CI -164.22, -3.38]; percent change in volume calcium score per 

year: -14.7 mm
3
 [95 percent CI -28.93, -0.47]). No differences were found in the second 

measure.  

Strength of evidence was insufficient for LDL-C, HDL-C, and triglycerides (Table25). 
 

Table 25. Summary of findings, and strength of evidence for cardiovascular drugs with and 
without garlic. 

Cardiovascular 
drug(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion 
Treatment effect 
MD (95% CI) 

Warfarin        

Blood pressure Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient No difference 

Systolic: 
2.20 (-8.98, 13.38) 
Diastolic (mmHg):  
-0.80 mmHg (-8.21, 
6.61) 
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Cardiovascular 
drug(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion 
Treatment effect 
MD (95% CI) 

LDL-C Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient No difference 

4.20 mg/dL (-12.01, 
20.41) 

HLD-C  Moderate NA Indirect 
(surrogate) 

Precise Low In favor of 
combination 
treatment  

4.50 mg/dL (0.19, 
8.81) 

Triglycerides  Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient No difference 

31.90 mg/dL (-23.66, 
87.46) 

 Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient No difference 

INR: -0.20 (-0.83, 
0.43) 
INRmax : -0.10 (95% 
CI -0.63, 0.43) 
AUC of INR :  
 4.30 (-35.90, 44.50) 
INR > 4  
No events in either 
arm 

Nitrates       

HDL-C High N/A Indirect 
(surrogate) 

Precise Low In favor of 
combination 
treatment  

8.40 mg/dL (1.91, 
14.89) 

Triglycerides High N/A Indirect 
(surrogate) 

Imprecise Insufficient No difference 

-10.30 mg/dL (-27.60, 
7.00) 

Aspirin       

LDL-C Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient No difference 

-25.10 mg/dL (-54.69, 
4.49) 

HLD-C  Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient No difference 

4.30 mg/dL (-7.55, 
16.15) 

Triglycerides  Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient No difference 

-21.20 mg/dL (-93.42, 
51.02) 

Statins + 
Aspirin 

      

LDL-C  Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient No difference 

-25.10 mg/dL (-54.69, 
4.49) 

HLD-C  Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient No difference 

4.30 mg/dL (-7.55, 
16.15) 

Triglycerides  Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient No difference 

(mg/dL) 
-21.20 mg/dL (-93.42, 
51.02) 

Abbreviations: AUC = area under the curve; CI = confidence interval; HDL-C = high density lipoprotein cholesterol; INR = 

international normalized ratio; LDL-C = low-density lipoprotein cholesterol; MD = mean difference; NA = not applicable 
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Applicability. Combination treatment with garlic and nitrates for 3 months was found to 

significantly improve total cholesterol and HDL-C compared with nitrates alone, in subjects with 

healed myocardial infarction with or without angina. 
58

 Combination treatment with garlic and 

statins plus aspirin for 12 months significantly lowered a measure of coronary artery calcification 

in subjects withknown coronary artery disease. 
66

  

Ginger 

One crossover RCT compared a single dose of warfarin following pre-treatment with ginger 

with warfarin alone in 12 healthy male subjects (Table 26).
67

 The study also included a warfarin 

plus Ginkgo biloba group (data for the comparison between warfarin plus ginger and warfarin 

plus Ginkgo is in the G. biloba section).  

One study reported AUC of INR for combination of ginger plus warfarin versus warfarin 

alone.
67

 One of the two analyses of the data suggest a possible effect of unknown clinical 

significance. The mean difference in platelet aggregation was not statistically significant (MD 

0.6 [95 percent CI -0.42, 1.62]) but the geometric mean ratio was statistically significant (GMR 

1.11 [90 percent CI 1.04, 1.16]). Given the inconsistency in findings, strength of evidence was 

graded as insufficient for INR (Table 26). 
 

Table 26. Strength of evidence for ginger plus warfarin versus warfarin alone. 

Cardiovascular 
drug(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion 
Treatment effect 

AUC of INR
67

 
 

Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

MD 1.00 (95% CI -
43.68, 45.68) 
GMR 1.01 (90% CI 
0.93, 1.15) 

Abbreviations : AUC of INR = area under the curve of the international normalized ratio ; CI = confidence interval; GMR = 

geometric mean ratio; MD = mean difference. 

 

Applicability. This is a single dose study in young, healthy, Caucasian and Asian males. 

 

Ginkgo biloba 

Five RCTs investigated Gingko biloba with CV drugs (Table 27).
67-71

 Four studies 

included subjects taking antiplatelet agents (aspirin,
68,69

 clopidogrel,
70

 or ticlopidine
71

). One 

study included subjects taking an anticoagulant (warfarin
67

) and one study included subjects 

taking a vasodilator (cilostazol
70

).  

Ginkgo biloba plus antiplatelet agents versus antiplatelet agents alone  

Aspirin was administered with Ginkgo biloba in two studies of young healthy males
68

 or 

elderly subjects with peripheral arterial disease or risk factors for cardiovascular disease.
69

 

Although platelet aggregation was reported in both studies, meta-analysis could not be 

performed because different post-treatment effect estimates were reported (mean
68

 and mean 

change from baseline
69

). Both studies reported nonsignificant differences in platelet aggregation. 

Nonsignificant differences were also reported in clotting time,
69

 bleeding time,
68

 partial 
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thromboplastin time,
68

 and platelet count.
68

 No changes were found in lipid parameters and blood 

pressure (reported qualitatively only).
68

  

In two studies, single doses of a thienopyridine antiplatelet drug (clopidogrel
70

 or 

ticlopidine
71

) were administered with or without single doses of G. biloba . The pooled estimates 

for platelet aggregation were statistically nonsignificant (Figures 4 and 5), as was the pooled 

estimate for bleeding time (Figure 6). There were no significant changes in clotting time, systolic 

blood pressure, or platelet count (reported qualitatively only).
70

   

Strength of evidence was insufficient for blood pressure and lipid profile (Table 27).  
 

Figure 4. Forest plot of platelet aggregation (percent) for clopidogrel/ticlopidine with or without G. 
biloba (induced by 5 µL of 10 µM ADP or 2.5 µL of 10 µM ADP) 
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Figure 5. Forest plot of platelet aggregation (percent) for clopidogrel/ticlopidine with or without G. 
biloba (induced by 5 µL of 10 µM ADP or 2.5 µL of 5 µM ADP)  

 

 
Figure 6. Forest plot of bleeding time (minutes), for clopidogrel/ticlopidine with or without G. 
biloba  
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G. biloba Plus Warfarin Versus Warfarin Alone 

One crossover RCT examined single dose warfarin (25 mg/day) following either no 

pretreatment or pretreatment with 12 g/day G. biloba or 3.6 g/day ginger in healthy subjects.
67

 

Compared with warfarin alone, there was a statistically significant increase in platelet 

aggregation (GMR 1.14 [90 percent CI 1.08, 1.20]). However, the difference in AUC of INR was 

not statistically significant. Compared with warfarin plus ginger, there were no statistically 

significant differences in platelet aggregation or AUC of INR.   

Strength of evidence comparing G. biloba plus warfarin with warfarin alone or warfarin plus 

ginger is insufficient for INR (Table 27).  

G. biloba Plus Colostazol Versus Cilostazol Alone 

One crossover RCT examined single dose cilostazol (100 mg/day) with or without single 

dose G. biloba (120 mg/day) in healthy South Asian males.
70

 Bleeding time was slightly 

prolonged in the G. biloba plus cilostazol group (MD 1.02 min [95 percent CI 0.10, 1.94]). One 

measure of platelet aggregation was statistically significant (MD 18.00 percent [95 percent CI 

1.92, 34.08]). There were no significant changes in clotting time, systolic blood pressure, or 

platelet count (reported qualitatively only).  

Strength of evidence for systolic blood pressure was insufficient (Table 27).  

 

Table 27. Strength of evidence for G. biloba plus a cardiovascular drug versus the cardiovascular 
drug alone 

Cardiovascular 
drug/ Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion 
Treatment effect 

Antiplatelet 
drugs 

      

Blood Pressure 
– Systolic and 
Diastolic 

Moderate NA Indirect 
(surrogate) 

NA Insufficient Inconclusive 

Lipid Profile 
(LDL-C, HDL-C, 
TG)

68
 

Moderate NA Indirect 
(surrogate) 

NA Insufficient Inconclusive 

Warfarin       

AUC of INR 
(versus warfarin 
alone) 

Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

MD -3.00 (95% CI 
-62.00, 56.00)  
GMR 0.93 (90% CI 
0.81, 1.05) 

AUC of INR 
(versus warfarin 
plus ginger) 

Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive  

MD -4.00 (95% CI -
62.84, 54.84) 

Cilostazol       

Blood pressure 
- Systolic  
 

Moderate NA Indirect 
(surrogate) 

NA Insufficient Inconclusive 

 

Abbreviations: AUC of INR = area under the curve of the International Normalized Ratio; CI = confidence interval; GMR = 

geometric mean ratio; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; MD = mean 

difference; NA = not applicable; TG = triglycerides. 
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Ginseng 

Ginseng plus warfarin versus warfarin alone  

Three RCTs compared ginseng plus warfarin with warfarin alone (Table 28).
72-74

 Reported 

outcomes included INR 
72-74

, prothrombin time 
72

, platelet aggregation
74

 and platelet count.
72

  

Meta-analyses were not possible because of differences in patient populations (e.g. healthy 

versus ischemic stroke) and incompatible effect estimates (e.g. differences in means and 

differences in medians). One small study in subjects with ischemic stroke reported no 

statistically significant differences in peak and AUC of INR, peak and AUC of prothrombin 

time, and platelet count.
72

 A study in young, healthy subjects, however, reported significantly 

lower peak INR and AUC of INR in the ginseng plus warfarin group (difference in medians -

0.19 (95 percent CI -0.36, -0.07] and -0.43 (95 percent CI -1.00, -0.09] for peak and AUC of INR 

respectively).
73

 Another small study in healthy males found no differences in AUC of INR and 

platelet aggregation.
74

 

Strength of evidence was graded as insufficient for peak INR and AUC of INR (Table 28). 
 

Table 28. Strength of evidence for ginseng plus warfarin versus warfarin alone 

Cardiovascular 
drugs(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion 
Treatment effect* 

Warfarin       

INRpeak Moderate Inconsistent Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

MD range 0.01-0.11 
(95% CI -0.20 to -
0.06, 0.08 to 0.42] 
 
MedD -0.19 ( 95% CI -
0.36, -0.07] 

AUC of INR 
MD  

Moderate Inconsistent Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 
MD range 0.03-0.49 
(95% CI -39.10 to -
0.28, 0.34 to 39.30] 
 
MedD -0.43 ( 95% CI -
1.00, -0.09] 

Note: * Range is provided when more than one study is being summarized. 

Abbreviations: AUC of INR = area under the curve of the International Normalized Ratio; CI = confidence interval; GMR = 

geometric mean ratio; MD = mean difference; MedD = difference of the medians; NA = not applicable; TG = triglycerides. 

 

Hawthorne 

In a randomized crossover trial, subjects were administered digoxin 0.25 mg/day for 10 days 

or digoxin 0.25 mg/day plus hawthorne 450 mg twice daily for 3 weeks.
75

 Subjects were tested 

with a standard 12-lead electrocardiogram for PR interval measurements. The difference between 

groups was statistically nonsignificant.   

Magnesium 

Three RCTs investigated the use of oral magnesium with CV drugs: magnesium plus 

hydroclorothiazide 
76,77

 and magnesium plus beta-adrenergic antagonists
42

. Reported outcomes 

included total cholesterol, triglycerides, and systolic and diastolic blood pressure.   
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Magnesium plus hydrochlorothiazide versus hydrochlorothiazide alone  

In a trial of 18 elderly subjects with benign essential hypertension, nonsignificant differences 

were found in total cholesterol, triglycerides, and supine systolic and diastolic blood pressure.
76

 

Nonsignificant differences for systolic and diastolic blood pressure (supine and standing) were 

also reported in a trial of subjects with mild to severe uncomplicated essential hypertension.
77

 

These two studies were meta-analyzed for supine systolic and diastolic blood pressure and the 

pooled estimates were statistically nonsignificant (Figures 7 and 8).
76,77

 

Strength of evidence was graded as insufficient for systolic and diastolic blood pressure and 

triglyceride level (Table 29).  
 

Figure 7. Forest plot of supine systolic blood pressure (mmHg) for hydrochlorothiazide with or 
without magnesium  
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Figure 8. Forest plot of supine diastolic blood pressure (mmHg) for hydrochlorothiazide with or 
without magnesium  

 

Magnesium plus beta-adrenergic antagonists versus beta-adrenergic 

antagonists alone 

In a crossover RCT, 39 subjects with essential hypertension on atenolol, metoprolol, 

pindolol, or propranolol were randomized to receive magnesium 15 mmol/day or placebo for 8 

weeks. Effect estimates for supine and standing systolic and diastolic blood pressures were 

statistically nonsignificant.
42

  

Strength of evidence was graded as insufficient for systolic and diastolic blood pressure 

(Table 29). 
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Table 29. Strength of evidence for magnesium plus cardiovascular drug(s) versus cardiovascular 
drug(s) alone 

Cardiovascular 
drug(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion 
Treatment effect* 
MD (95% CI) 

Hydrochloro-
thiazide 

      

Blood Pressure  
 

Moderate Consistent  Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 
Systolic  
Supine: Pooled -4.54 
mm Hg (-13.25, 4.16) 
Standing: 0 mm Hg  
(-5.94, 5.94) 
Diastolic  
Supine: Pooled -3.37 
mm Hg (-11.55, 4.81) 
Standing: 1.00 mm 
Hg (-8.84, 10.84) 

Triglycerides  Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

1.77 mg/dL (-103.19, 
106.73) 

Beta-
adrenergic 
antagonists 

      

Blood Pressure Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

Systolic 
Supine: -4.26 mm Hg 
(-12.56, 4.04) 
Standing: -4.34 mm 
Hg (-13.90, 5.22) 
Diastolic  
Supine: -2.65 mm Hg 
(-6.85, 1.55) 
Standing: -1.65 mm 
Hg (-6.18, 2.88) 

Note: * Range is provided when more than one study is being summarized; pooled data is from meta-analysis of more than one 

study. 

Abbreviations: CI = confidence interval; MD = mean difference; mm Hg = millimeters of mercury; NA = not applicable. 

 

Niacin (≤ 250 mg) 

One parallel-arm RCT described the use of niacin with propranolol in 16 subjects with Type 

II or Type IV hyperlipoproteinemia (Table 30).
78

 This study was rated as high risk of bias 

because groups were administered different dosages of propranolol (20 mg and 60 mg). Effect 

estimates for total cholesterol and triglycerides were statistically nonsignificant.  

Strength of evidence was insufficient for triglycerides (Table 30).  
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Table 30. Strength of evidence propranolol with or without niacin 

Cardiovascular 
drug(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion 
Treatment effect 
MD (95% CI) 

Triglycerides High NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

In Type II 
hyperlipoproteinemia:  
8.40 mg/dL  
(-114.22, 97.42) 
 
In Type IV 
hyperlipoproteinemia: 
-49.83 mg/dL  
(-523.94, 424.28) 

Abbreviations: CI = confidence interval; MD: mean difference; NA: not applicable 

 

Omega-3 Fatty Acids/Fish Oil 

Twenty-three RCTs, including 17 parallel-arm trials
40,44,50-53,55,56,79,80,93,94,97,98,139-141

 and six 

crossover trials
36,90-92,96,142

 contributed evidence. The trials were conducted in North 

America,
36,40,52,55,56,80,90,94,96,141

 Australia,
44,139,140,142

 Europe,
53,79,91-93,97,98

 and Asia.
50,51

 The 

number of included participants in these trials ranged from 11
55

 to 254.
40

 The participants across 

studies received the following cardiovascular drugs: statins (atorvastatin, simvastatin, 

lovastatin),
36,40,44,53,91-94,96,98,139,141

 calcium channel blockers,
50-52

 niacin plus aspirin,
80

 

Angiotensin-Converting Enzyme (ACE) inhibitors,
79,140

 aspirin,
90,97

 beta-blockers,
142

 

anticoagulation agents,
55

and fenofibrates.
56

 In two trials, calcium channel blockers were used 

concomitantly with either aspirin
51

 or aspirin plus dipyridamole.
52

 In most of the trials, 

participants were categorized as having unclear or mixed (different combinations of low, 

moderate/moderately high, and high) risk of coronary heart disease according to the National 

Cholesterol Education Program, Adult Treatment Panel III.
154

 The duration of treatment ranged 

from 2 weeks
96,97

 to 25 weeks.
139,140

 Further details on study, participant, and treatment 

characteristics are presented in Appendix C. 

Risk of Bias 

Generally, most of these studies were reported to be double blind and had a moderate risk of 

bias across the outcomes of interest. In cross-over trials, the adequacy of wash-out period was 

not clear for one trial, 
36

 there was a potential of carryover in one trial (i.e., the treatment effect 

depended on the order of drug randomization),
90

 and no wash-out period was employed for 

another trial.
142

 The wash-out period length reported for three other trials was deemed to be 

adequate.
91,92,96

 

Summary of Findings, Strength of Evidence, and Applicability  

Summary of findings, and strength of evidence are presented in Table 30. Meta-analyses 

were performed for the following outcome measures: HDL-C, LDL-C, total cholesterol, and 

triglycerides (Figures 9 to 14).  

Omega-3 fatty acids/fish oil statins versus statins alone  

C-Reactive protein (CRP). This outcome was assessed in one placebo-controlled parallel arm 

randomized trial in participants at mixed CHD risk.
44,149

 The 6 week post-treatment geometric 
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mean CRP levels were not different between the dietary supplement (fish oil plus atorvastatin) 

and control (atorvastatin alone) groups (geometric means 1.14 mg/L (95 percent CI 0.6, 2.4] 

versus 1.80 mg/L (95 percent CI 1.3, 3.2]). 

HDL-C. Post-treatment levels of HDL-C were reported in 10 randomized trials.
36,40,44,53,91-

94,139,141
 In five studies,

44,53,91,139,141
 the mean endpoint differences in HDL-C levels for 

participants with unclear or mixed CHD risk were not significantly different between the omega-

3/fish oil combination and statins alone group. In one trial of participants at moderate CHD 

risk,
40

 the 8 week post-treatment mean HDL-C level was significantly greater in the dietary 

supplement versus control group (mean difference 5.10 (95 percent CI 2.36, 7.83]). A meta-

analysis based on the results from six studies (participants with unclear or mixed CHD 

risk),
40,44,53,91,139,141

 indicated that the mean HDL-C levels did not differ between the omega-

3/fish oil combination and statins alone group (Figure 9; pooled MD 2.26 mg/dL (95 percent CI -

1.82, 6.34]). 

Results from the remaining 4 trials reporting mean change,
93

 percent change,
92

 or percent 

median change
36,94

 were not consistent. Specifically, one trial of participants with mixed CHD 

risk reported 5 week post-treatment mean change for the omega-3/fish oil combination and 

statins alone group and found significant difference in favour of the omega-3/fish oil 

combination group (difference in mean change: 2.32 (95 percent CI 0.18, 4.45]).
93

 Similarly, two 

other trials of participants with unclear
94

 and mixed
36

 CHD risk reported significantly greater 

(i.e., improved) post-treatment percent increase in median HDL-C levels at 6 weeks (difference 

of 7.2 percent, p=0.001),
36

 at 8 weeks (difference of 2.4 percent, p<0.001)
94

 or at 16 weeks 

(difference of 6.3 percent, p<0.001)
94

 in favor of the dietary supplement intervention. In contrast, 

the percent change in HDL-C (from baseline) in one cross-over trial of participants with mixed 

CHD risk was not significantly different between the dietary supplement and control group at 6 

weeks after the baseline (6.0 percent versus 14.0 percent).
92

  

Authors of one trial
44

 conducted a formal assessment of statistical interaction (general linear 

modeling) in obese men and found no significant interaction between the effects of omega-3 

fatty acids/fish oil and cardiovascular drug (atorvastatin) on the levels of HDL-C. 

Overall, results indicated no difference in post-treatment HDL-C levels between the dietary 

supplement and control interventions.  
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Figure 9. Post-treatment HDL-C levels in subjects taking statins with or without omega-3 fatty 
acids/fish oils 

 
 

 

LDL-C. Post-treatment levels of LDL-C were reported in 9 randomized trials.
36,40,44,53,91-94,139

 In 

5 trials,
40,44,53,91,139

 the mean endpoint differences in LDL-C levels for participants with unclear 

or mixed CHD risk were not significantly different between the dietary supplement and the 

control groups. Likewise, one trial that reported mean change for the dietary and control groups, 

found no significant difference between the two groups (difference in mean change: -5.84 mg/dL 

(95 percent CI -16.88, 5.20]).
93

  

Our meta-analysis based on the results from 5 studies (participants with unclear or mixed 

CHD risk),
40,44,53,91,139

 indicates that the mean LDL-C levels did not differ between the 

intervention and control groups (Figure 10; pooled MD 1.33 mg/dL (95 percent CI -3.56, 6.22]). 

Two other trials of participants with unclear
94

 and mixed
36

 CHD risk reported that there was 

no significant difference in either post-treatment percent change in least squares mean 

(difference of 1.30 percent, p=0.43)
36

 or percent change in median (difference at 8 weeks 2.2 

percent, p= 0.24; at 16 weeks 0.3 percent, p= 0.64)
94

 in LDL-C levels for the dietary supplement 

versus control groups. The percent change in LDL-C (from baseline) in one cross-over trial of 

participants at low CHD risk was not significantly different between the dietary supplement and 

control group at 6 weeks (-39.0 percent versus -37.0 percent, p>0.05).
92
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One trial
44

 conducted a formal assessment of statistical interaction (general linear modeling) 

in obese men and found no significant interaction between the effects of omega-3 fatty acids/fish 

oil and cardiovascular drug (atorvastatin) on the levels of LDL-C. 

Overall, results indicated no difference in post-treatment LDL-C levels between the dietary 

supplement and control interventions.  
 

Figure 10. Post-treatment LDL-C levels in subjects taking statins with or without omega-3 fatty 
acids/fish oils 
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Total cholesterol (TC). Post-treatment levels of total cholesterol were reported for 10 

trials.
36,40,44,53,91-94,98,139

 In 6 trials,
44,53,91,93,98,139

 the mean endpoint/mean change differences in 

TC levels for participants with unclear or mixed CHD risk were not significantly different 

between the dietary supplement and the control groups. The pooled results based on our meta-

analysis of five trials in participants with unclear or mixed CHD risk 
40,44,53,91,139

 showed that the 

mean TC levels did not significantly differ between the intervention and control groups (Figure 

11; pooled mean difference: -7.06 (95 percent CI -14.50, 0.37]). 

Similarly, one cross-over trial
92

 did not find a significant difference for mixed CHD risk 

participants in the post-treatment TC percent change from baseline between the two treatment 

groups (-31.0 versus -27.0, p>0.05).  

In one trial of participants unclear CHD risk,
40

 the 8 week post-treatment mean TC level was 

significantly improved in the dietary supplement versus control group (mean difference: -9.60 

(95 percent CI -17.05, -2.14]). Two other trials reported significantly greater reduction in median 

total cholesterol percent change from baseline in the dietary supplement versus control groups 

for participants with mixed and unclear CHD risk (median percent change -2.7, p= 0.006
36

 and -

5.8, p<0.001
94

).  

One trial in participants with mixed CHD risk did not report numerical data.
98

 

The wide confidence intervals around the pooled estimate rendered the results in regards to 

post-treatment total cholesterol levels between the dietary supplement and control interventions 

as inconclusive.  

Authors of one trial
44

 conducted a formal assessment of statistical interaction (general linear 

modeling) in obese men (mixed CHD risk) and found no significant interaction between the 

effects of dietary supplement (omega-3 fatty acids/fish oil) and cardiovascular drug (atorvastatin) 

on the levels of total cholesterol. 
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Figure 11. Post-treatment total cholesterol levels in subjects taking statins with or without omega-
3 fatty acids/fish oils 

 

 

Triglycerides (TG). Post-treatment levels of triglycerides were reported for 11 trials which 
36,40,44,53,91-94,98,139,141

included participants with unclear or mixed CHD risk.  Initial pooling of six 

trials reporting post-treatment mean TG levels revealed some degree of statistical heterogeneity 
2 40,44,53,91,98,139

(I =63.53 percent, Chi-squared statistic=15.95, p=0.01).  After careful examination 

of the study factors that could potentially explain this discrepancy, we found that in two 
40,98

studies  which were conducted in specialty clinics, the baseline TG levels of participants were 

on average higher compared with those in other studies, thereby resulting in greater magnitude of 
40

the observed mean differences in favour of the dietary supplement intervention (-73.50  and 
98

-91.23 ). The removal of these two studies from the meta-analysis resulted in a non-significant 

pooled mean difference (Figure 12; -17.88, 95 percent CI -36.96, 1.21) with no significant 
2 44,53,91,139

heterogeneity (I =0 percent, Chi-squared statistic=0.08, p=0.99).  participants in the 

pooled trials were mixed or unclear CHD risk. Information on clinical settings for these studies 

was not reported. 
36,94 92

In contrast, trials reporting median  or mean  percent change from baseline in TG levels 

showed significantly reduced (i.e., improved) TG levels for the dietary supplement versus 
36,92 94

control groups of participants with mixed  or unclear CHD risk.  
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Authors of one trial
44

 conducted a formal assessment of statistical interaction (general linear 

modeling) in obese men (mixed CHD risk) and found no significant interaction between the 

effects of dietary supplement (i.e., omega-3 fatty acids/fish oil) and cardiovascular drug (i.e., 

atorvastatin) on the levels of triglycerides. 

The wide confidence intervals around the pooled estimate rendered the results in regards to 

post-treatment TG levels between the dietary supplement and control interventions as 

inconclusive.  

 
Figure 12. Post-treatment triglyceride levels in subjects taking statins with or without omega-3 
fatty acids/fish oils 

 
 

Non-HDL-C. Post-treatment levels of non-HDL-C were reported for five trials, in which 

participants had mixed or unclear CHD risk. 
36,40,44,94,141

 Of three trials reporting mean non-HDL-

C levels,
40,44,141

 one trial (unclear CHD risk)
40

 indicated significantly lower (i.e., improved) post-

treatment mean non-HDL in the dietary supplement group compared with the control group 

(mean difference: -14.70 (95 percent CI -21.77, -7.62]), whereas the remaining two trials showed 

no significant between-group mean difference: 5.42 (mixed CHD risk; 95 percent CI -15.75, 

26.59)
44

 and 5.60 (unclear ChD risk; 95 percent CI -34.06, 45.26).
141

 The pooling of results from 

the 3 trials
40,44,141

 revealed some degree of statistical heterogeneity across the effect estimates 

(I
2
=58.86 percent, Chi-squared statistic=4.96, p=0.08). There was no readily explainable 

reason/cause for this discrepancy; the participants across these trials were of either unclear or 

mixed CHD risk. We did not pool these studies. 
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Trials reporting median percent change from baseline in non-HDL levels showed 

significantly greater (i.e., improved) reduction in non-HDL-C for favouring the dietary 

supplement groups over the control groups in participants (unclear CHD risk: -40.2 percent 

versus -33.7 percent, p<0.001
94

 and mixed CHD risk: -40.0 percent versus -34.3 percent, 

p<0.001
36

).  

Authors of one trial (mixed CHD risk)
44

 conducted a formal assessment of statistical 

interaction (general linear modeling) in obese men and found no significant interaction between 

the effects of dietary supplement (i.e., omega-3 fatty acids/fish oil) and cardiovascular drug (i.e., 

atorvastatin) on the levels of non-HDL-C.  

The overall results regarding post-treatment non-HDL-C levels between the treatment groups 

were determined to be inconclusive.  

TC/HDL-C ratio. Post-treatment levels of the TC/HDL-C ratio were reported for four 

trials.
36,40,94,141

 Two trials of participants with unclear CHD risk 
40,141

 reporting post-treatment 

mean TC/HDL ratio levels yielded discrepant results, one in favor of the dietary supplement 

group (mean difference -0.60 (95 percent CI -0.83, -0.36]),
40

 and the other in favor of neither 

group (mean difference: 0.29 (95 percent CI -0.90, 1.48]).
141

 This discrepancy in the results for 

TC/HDL-C ratio may have been due to differences between participants‟ CHD risk across the 

studies. Based on the differences in CHD risk and the opposite direction of the effect estimates, it 

was decided not to pool these studies.  

Two other trials in participants with mixed
36

 or unclear
94

CHD risk reported significant 

difference in post-treatment percent change in least squares mean (difference of -6.5 percent, 

p<0.001)
36

 or percent change in median (difference at 8 weeks:-38.3 percent versus -34.5 

percent, p<0.001)
94

 in TC/HDL-C ratio levels favoring the dietary supplement intervention over 

control intervention. 

The overall results regarding post-treatment TC/HDL-C ratio levels between the treatment 

groups were inconclusive.  

Pre-defined thresholds of LDL-C and non-HDL-C. The proportion of participants reaching 

these thresholds was reported for one 16 week, parallel arm trial in participants with unclear 

CHD risk.
94

 At the end of the treatment, there was no difference in the proportion of participants 

reaching pre-defined targets of either LDL-C (below 160 mg/dL, 130 mg/dL, or 100 mg/dL; risk 

ratio: 0.93 (95 percent CI 0.84, 1.03]) or HDL-C (below 190, 160, or 130 mg/dL; risk ratio: 1.00 

(95 percent CI 0.91, 1.11]) between the dietary supplement intervention and control groups. 

Lipoprotein A. Post-treatment levels of lipoprotein A were reported for one trial.
91

 In this cross-

over randomized trial, participants with familial hypercholesterolemia (mixed CHD risk) were 

treated during 4 weeks for each treatment period. The difference in the 4-week post-treatment 

mean lipoprotein A levels between the dietary supplement and control groups was not significant 

(mean difference 2.00 (95 percent CI -34.40, 38.40]). 

Blood pressure. Systolic and diastolic blood pressure levels post-treatment were reported for 

three trials; two parallel arm
93,139

 and one cross-over.
36

 In the first parallel arm trial
93

 participants 

with mixed CHD risk receiving the omega-fish oil (2 gram daily) combined with statins (10 mg 

daily) for 5 weeks experienced significantly greater reductions in mean SBP (-8.50 (95 percent 

CI -16.33, -0.66]) but not in DBP (0.20 (95 percent CI -4.76, 5.16]) compared with participants 

receiving statins alone. In the second parallel arm trial of participants with unclear CHD risk,
139

, 

there was no significant difference after 25 weeks of treatment in the blood pressure between the 

omega-3/fish oil (4 or 8 grams daily) in combination with statins (unknown dose) versus statins 

alone. Data for the comparison was not provided. 
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In one cross-over trial,
36

 participants with mixed CHD risk receiving omega-3/fish oil (4 

gram daily) and statins (20 mg daily) experienced significantly greater median reductions from 

baseline in SBP (-5.00 versus 0.30, p=0.008) and DBP (-3.30 versus -1.80, p=0.045) compared 

with those receiving the control intervention.  

We were unable to perform a meta-analysis given the lack of data
139

 and the differences in 

effect measures, reported as reductions in median
36

 and mean levels.
93

 

The overall results showed decreased post treatment SBP levels for the combination of 

omega-3 fatty acids/fish oil and statins versus statins alone group.  

Blood coagulation. Results of blood coagulation were reported for one trial.
96

 This was a cross-

over randomized trial in healthy participants. After 2 weeks of treatment, there was no difference 

between the groups of omega-3/fish oil (4 grams daily) in combination with statins (80 mg daily) 

versus statins alone in the following blood coagulation parameters: prothrombin time (-0.10 

seconds (s] (95 percent CI -0.28, 0.08]), activated partial thromboplastin time (0.10 s, 95 percent 

CI -0.62, 0.82), platelet aggregation/adenosine diphosphate (1.10 percent (95 percent CI -5.05, 

7.25]), or platelet aggregation/collagen (0.90 percent (95 percent CI -5.70, 7.50]). 

Platelet count. Post-treatment platelet count (10
3
/µL) were reported for 3 trials, one parallel 

arm
98

 and 2 cross-over trials.
92,96

 Study participants in these trials had mixed CHD risk (healthy 

volunteers, participants with combined or familial hyperlipidemia). The difference between post-

treatment mean change (-9.82 10
3
/µL

96
 and 6.00 10

3
/µL

98
) or percent change (17.0 versus 20.0 

percent, p>0.05)
92

 in platelet counts between baseline and 2 to 6 weeks between the dietary 

supplement and control groups was not significant. We could not pool two trials
96,98

 reporting 

post-treatment mean change in platelet count due to the lack of accurate standard deviations 

reported for one study.
96

  

Bleeding time. Post-treatment of bleeding time was reported for one study.
92

 This was a cross-

over randomized trial that included participants with mixed CHD risk (familial hyperlipidemia) 

who were treated for 6 weeks. There was no difference in percent change for bleeding time 

between the dietary supplement group and control group (mean difference 1.0 percent change, 95 

percent CI -0.59, 2.59).  

Omega-3 fatty acids/fish oil plus ACE inhibitors versus ACE inhibitors alone 

Triglycerides (TG). Post-treatment levels of triglycerides were reported for 2 trials (parallel arm 

design).
79,140

 Both trials included participants with unclear CHD risk. In one trial 
79

 the difference 

in end point mean TG levels after 25 weeks of treatment between the dietary supplement and 

control groups was not significant (mean difference -38.6 mg/dL (95 percent CI -160.62, 83.42]). 

In contrast in the other trial,
140

 the mean TG reduction from baseline to 6 week follow-up 

significantly favored the supplement over the control group (mean difference -24.35 mg/dL (95 

percent CI -45.31, -3.38]). These trials were not pooled due to differences in the reported effect 

measures (end point mean
79

 and mean change from baseline
140

).  

The overall results regarding post-treatment TG levels between the treatment groups were 

inconclusive.  

Blood Pressure. Systolic and diastolic blood pressure levels post-treatment were reported for 

two trials (parallel arm design).
79,140

 Both trials included participants with unclear CHD risk. 

There was no significant between-group difference in either systolic blood pressure (mean 

difference 0 mm Hg
79

 and -1.00 mm Hg
140

) or diastolic blood pressure (-1.40 mm Hg 
79

 and -

2.00 mm Hg
140

). 
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The pooled analysis of these trials
79,140

 indicated that there was no difference in either SBP 

(Figure 13, pooled mean difference: -0.51, 95 percent CI -10.59, 9.57) or DBP (Figure 14, 

pooled mean difference: -1.75 (95 percent CI -5.98, 2.48]) between the intervention and control 

groups. 
 

Figure 13.Post-treatment systolic blood pressure (SBP) in subjects taking ACE inhibitors with or 
without omega-3 fatty acids/fish oils 
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Figure 14. Post-treatment diastolic blood pressure in subjects taking ACE inhibitors with or 
without omega-3 fatty acids/fish oils 

 
 

Urinary Protein. Levels of urinary protein post-treatment data (protein excretion, and at least 50 

percent reduction in proteinuria) was reported for one parallel arm trial in participants with 

unclear CHD risk treated for 25 weeks.
79

 The participants in the omega-3/fish oil (3 grams daily) 

plus ACE inhibitors (10 mg daily ramipril + 300 mg daily irbersartan) combination group had 

significantly reduced (i.e., improved) mean urinary protein excretion compared with participants 

in the ACE inhibitor alone (367.00 mg/day versus 1353.00 mg/day; mean difference -986.00 

mg/day (95 percent CI -1763.43, -208.56]). Similarly, the proportion of participants who 

achieved at least 50 percent reduction in proteinuria was significantly greater (i.e., improved) in 

the supplement versus control group (80.00 percent versus 20.00 percent; relative risk 4.00 (95 

percent CI 1.40, 11.30]).  

Omega-3 fatty acids/fish oil plus fenofibrate versus fenofibrate alone 

One study
56

contributed to the evidence relevant to this section. This was a parallel arm 

double blind placebo-controlled trial in 167 participants in whom the treatment allocation 

concealment was unclear (moderate risk of bias). Participants had unclear CHD risk and received 

treatment for 8 weeks (4 g/day omega-3 plus 130 mg/day fenofibrate versus 4 g/day placebo plus 

130 mg/day fenofibrate). The trial reported the following post-treatment outcome measures: 

HDL-C, TC/HDL ratio, LDL-C, TC, TG, non-HDL, and incidence of hypertension/worsening of 

hypertension. The percent change from baseline to week 8 in HDL-C (-1.90 percent versus 1.30 

percent, p>0.05), TC/HDL-C ratio (-4.80 percent versus -8.30 percent, p>0.05), TC (-8.00 

percent versus -5.10 percent, p>0.05), non-HDL-C (-8.20 percent versus -7.10 percent, p>0.05), 



 

69 

 

or TG (-60.80 percent versus -53.80 percent, p=0.059) was not significantly different between 

participants in the dietary supplement and control groups. In contrast, the percent change (i.e., 

reduction) from baseline in LDL-C levels was significantly greater in the dietary supplement 

versus control group (48.20 percent versus 39.00 percent, p=0.03).  

The incidence of hypertension was not significantly different between the two groups (2/84 

versus 2/83, risk ratio: 0.98 (95 percent CI 0.14, 6.85]). 

Given that the outcomes were measured as median percent change, the overall results of this 

study on levels of HDL-C, TC/HDL-C ratio, TC, and non-HDL-C were inconclusive.  

Omega-3 fatty acids/fish oil plus calcium channel blockers versus calcium 

channel blockers alone 

One study
50

 contributed evidence relevant for this section. This parallel arm open label active 

treatment (calcium channel blocker - diltiazem) controlled trial was in 22 participants for whom 

the treatment allocation concealment was unclear ( moderate risk of bias). Participants in this 

trial were at high CHD risk (variant angina) and received their treatment for 16 weeks (1.8 g/day 

omega-3 plus 90 to 120 mg/day diltiazem versus 90 to 120 mg/day diltiazem). The post-

treatment mean difference in TC (5.00 mg/dL (95 percent CI -91.30, 101.30]), LDL-C (0 mg/dL 

(95 percent CI -94.30, 94.30]), HDL-C (-2.00 mg/dL (95 percent CI -32.7, 28.70]), and TG (-

32.00 mg/dL (95 percent CI -112.60, 176.60]) levels were not significantly different between 

participants in the dietary supplement and control groups. Due to wide confidence intervals these 

results were inconclusive. 

Omega-3 fatty acids/fish oil plus aspirin and calcium channel blockers versus 

aspirin and calcium channel blockers alone 

One study
51

 contributed evidence relevant for this section. This parallel arm single-blind 

(only assessors blinded) active treatment (calcium channel blockers plus aspirin) controlled trial 

was in 107 participants for whom the randomization sequence was computer-generated and 

treatment allocation concealment was unclear (moderate risk of bias). Participants in this trial 

were at high CHD risk (pre-coronary angioplasty) and received their treatment for 6 weeks (3 

g/day omega-3 plus calcium channel blockers plus 150 mg/day aspirin versus calcium channel 

blockers plus 150 mg/day aspirin). The post-treatment mean TG was significantly lower (i.e., 

improved) in the participants receiving the dietary supplement versus controls (-54.00 mg/dL (95 

percent CI -94.1, -13.90]). The mean differences in TC (9.00 mg/dL (95 percent CI -6.40, 

24.40]), HDL-C (0 mg/dL (95 percent CI -4.00, 4.00]), and LDL-C (1.00 mg/dL (95 percent CI -

10.90, 12.90]) were not significantly different between the dietary supplement and control 

groups. 

Omega-3 fatty acids/fish oil plus calcium channel blockers, aspirin, and 

dipyridamole versus calcium channel blockers, aspirin, and dipyridamole 

One study
52

contributed evidence relevant for this section. This parallel arm single-blind 

active treatment (calcium channel blockers plus aspirin plus dipyridamole) controlled trial was in 

82 male participants for whom the randomization sequence was computer-generated and 

treatment allocation concealment was unclear (moderate risk of bias). All men in this trial were 

at high CHD risk (post-coronary angioplasty) and received their treatment for 12 weeks (3.2 

g/day omega-3 plus calcium channel blockers plus 325 mg/d aspirin plus 225 mg/d dipyridamole 
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versus calcium channel blockers plus 325 mg/day aspirin plus 225 mg/day dipyridamole). 

Although the post-treatment mean LDL-C was significantly greater (i.e., worsened) in the 

participants receiving the dietary supplement versus controls (21.00 mg/dL (95 percent CI 3.30, 

38.70]), the mean TG levels were significantly lower (i.e., improved) in the dietary supplement 

versus the control group (-81.0 mg/dL (95 percent CI -125.30, -36.70]). The between group 

mean differences for HDL-C (0 mg/dL (95 percent CI -4.00, 4.00]), total cholesterol (19.00 

mg/dL (95 percent CI -1.70, 39.70]), and platelet count (-2.80 per 10
3
/µL (95 percent CI -56.20, 

0.20]) were not significantly different. 

Omega-3 fatty acids/fish oil plus niacin (≤ 250 mg), and aspirin versus niacin 

(≤ 250 mg), and aspirin 

One study
80

contributed evidence relevant for this section. This parallel arm placebo 

controlled active treatment (niacin plus aspirin) trial was in 14 participants for whom the 

randomization sequence and treatment allocation concealment were unclear (moderate risk of 

bias). The participants in this trial had unclear CHD risk (atherogenic dyslipidemia) and received 

their treatment for 12 weeks (4 g/day omega-3 plus 500 to 3000 mg/day niacin plus 325 mg/day 

aspirin versus 500 to 3000 mg/day niacin plus 325 mg/day aspirin). 

The post-treatment mean differences in total cholesterol (9.00 mg/dL (95 percent CI -19.10, 

37.10]), HDL-C (1.00 mg/dL (95 percent CI -13.20, 15.20]), LDL-C (17.00 mg/dL (95 percent 

CI -6.60, 40.60]) and triglycerides (-94.00 mg/dL (95 percent CI -196.80, 8.80]) were not 

significantly different between the dietary supplement and control groups. 

Authors of the same trial
80

 conducted a formal assessment of statistical interaction using 

ANOVA and found that the decrease in triglycerides resulting from the combination of omega-3 

fatty acids and niacin was more than twice the additive effect of the therapies alone. 

Omega-3 fatty acids/fish oil plus aspirin versus aspirin alone  

In two trials in healthy participants with low or mixed CHD risk, a single dose of aspirin (325 

mg
90

 or 100 mg
97

) was administered following 2 to 3 weeks of omega-3 fatty acids/fish oil or 

placebo pre-treatment. Relevant outcome measures were presented, but use of only a single dose 

of aspirin precluded drawing meaningful conclusions relevant to this review, so results for this 

study are not presented. 

Omega-3 fatty acids/fish oil plus beta-adrenergic antagonists versus beta-

adrenergic antagonists 

Blood Pressure. Systolic and diastolic blood pressure (SBP/DBP) response post-treatment was 

reported for one trial.
142

 This double-blind cross-over trial was in 25 participants with unclear 

CHD risk, on beta-blocker monotherapy (dose not reported) who were randomized to receive 

omega-3 fatty acids (4 g/day) or placebo for 6 weeks. No wash-out period was reported for this 

trial. The data for this study were not reported clearly, which precluded meaningful synthesis of 

the evidence. 

Omega-3 fatty acids/fish oil plus warfarin versus warfarin alone 

One study
55

 contributed evidence relevant for this section. This was a parallel double blind 

(blinding status of participants, care providers, or study assessors was unclear), placebo-

controlled trial in 11 participants for whom the randomization sequence and treatment allocation 
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concealment were unclear (high risk of bias – there was a baseline between-group imbalance in 

gender and age). The participants whose CHD risk was unclear received their treatment for 4 

weeks (3 g/day or 6 g/day omega-3 plus warfarin versus placebo plus warfarin). This trial 

reported post-treatment International Normalized Ratio (INR). There was no significant 

difference in post-treatment INR values between the dietary supplement and control groups 

(p=0.41; no additional numerical data was provided).  
 

Table 31. Summary and strength of evidence for cardiovascular drug(s) with and without omega-3 
fatty acids/fish oil 

Cardiovascular 
drug(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect

*
 

Statins       

CRP
44,149

 - - - - - No difference 

Geometric mean difference:  
1.14 mg/L  
(95% CI 0.6, 2.4) vs. 
1.80 mg/L  
(95% CI 1.3, 3.2)  

HDL-C
36,40,44,53,91-

94,139,141
 

Moderate Inconsistent Indirect Precise Low No difference 

Pooled mean difference:  
2.26 mg/dL  
(95% CI -1.82, 6.34) 
40,44,53,91,139,141

 

LDL-C
36,40,44,53,91-

94,139
 

Moderate Inconsistent Indirect Precise Low No difference 

Pooled mean difference:  
1.33 mg/dL (95% CI -3.56, 6.22) 
40,44,53,91,139

 

TC
36,40,44,53,91-

94,98,139
 

Moderate Inconsistent Indirect Imprecise  Insufficient  Inconclusive 

Pooled mean difference:  
 -7.06 mg/dL (95% CI -14.50, 
0.37) 
40,44,53,91,139

 

TG
36,40,44,53,91-

94,98,139,141
 

Moderate Consistent Indirect Imprecise Insufficient Inconclusive  

Pooled mean difference:  
-17.88 mg/dL  
(95% CI -36.96, 1.21) 
44,53,91,139

 

Non-HDL-C 
36,40,44,94,141

 
Moderate Inconsistent Indirect  Imprecise  Insufficient  Inconclusive  

-14.70 mg/dL (95% CI -21.77, -
7.62) 

40
 

5.42 mg/dL (95% CI -15.75, 
26.59) 

44
 

5.60 mg/dL (95% CI -34.06, 
45.26) 

141
 

Reported medians 
36,94

  

TC/HDL-C 
ratio

36,40,94,141
 

- - - - - Inconclusive  

-0.60 (95% CI -0.83, -0.36) 
40

 
0.29 (95% CI -0.90, 1.48) 
141

 
Reported medians 

36,94
  

LDL-C 
(<160/130/ 
100 mg/dL) 

94
 

Moderate NA Indirect Precise Low No difference 

RR 0.93 (95% CI 0.84, 1.03)  
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Cardiovascular 
drug(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect

*
 

HDL-C 
(<190/160/ 
130 mg/dL) 

94
 

Moderate NA Indirect Precise Low No difference 

RR 1.00 (95% CI 0.91, 1.11) 

Lipoprotein A 
91

 - - - - - Inconclusive 

2.00 mg/dL  
(95% CI -34.40, 38.40) 

Systolic Blood 
Pressure

36,93,139
 

Moderate Inconsistent Indirect Precise Low In favor of supplement-CV drug 
combination 

-8.50 mm Hg  
(95% CI -16.33, -0.66) 

93
 

No difference (data not given) 
139

  
Reported medians 

36
  

Diastolic Blood 
Pressure

36,93,139
 

Moderate Inconsistent Indirect Precise Low No difference 

0.20 mm Hg  
(95% CI -4.76, 5.16) 

93
 

No difference (data not given) 
139

  
Reported medians 

36
 

Blood 
Coagulation PT 
aPTT

96
 

- - - - - No difference 

-0.10 sec (95% CI -0.28, 0.08) 
0.10 sec (95% CI -0.62, 0.82)  

Blood 
Coagulation 
PA/AD 
PA/Collagen

96
 

- - - - - No difference 

 
1.10 % (95% CI -5.05, 7.25) 
0.90 % (95% CI -5.70, 7.50) 

Platelet 
Count

92,96,98
 

- - - - - Inconclusive  

-9.82 10
3
/µL (95% CI -42.79, 

23.15) 
96

 
6.00 10

3
/µL (95% CI 1.74, 10.25) 

98
 

Reported percent change 
92

 

Bleeding Time
92

 - - - - - No difference 

1.0 percent (95% CI -0.59, 2.59) 

ACE inhibitors       

TG
79,140

 Moderate Inconsistent Indirect Imprecise Insufficient Inconclusive  

-38.6 mg/dL (95% CI -160.62, 
83.42) 

79
 

-24.35 mg/dL (95% CI -45.31, -
3.38) 

140
  

Systolic Blood 
Pressure

79,140
 

Moderate Consistent Indirect Precise Low No difference 

Pooled mean difference: 
-0.51 mm Hg (95% CI -10.59, 
9.57)  

Diastolic Blood 
Pressure

79,140
 

Moderate Consistent Indirect Precise Low No difference 

Pooled mean difference: 
-1.75 mm Hg (95% CI -5.98, 2.48)  

Urinary Protein 
excretion

79
 

- - - - - In favor of supplement-CV drug 
combination 

-986.00 mg/d (95% CI -1763.43, -
208.56)  

≥50% reduction 
in proteinuria

79
 

- - - - - In favor of supplement-CV drug 
combination  

RR 4.00 % of participants (95% CI 
1.40, 11.30) 

Fenofibrate        
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Cardiovascular 
drug(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect

*
 

LDL-C, HDL-C, 
TC, TC/HDL 
ratio, TG, non-
HDL-C

56
 

Moderate NA Indirect Unclear Insufficient Inconclusive  

Reported percent change 

Incidence of 
hypertension (% 
of participants) 

- - - - - Inconclusive  

RR 0.98 (95% CI 0.14, 6.85) 

Calcium 
Channel 
Blockers  

      

LDL-C
50

 Moderate NA Indirect  Imprecise  Insufficient Inconclusive  

0 mg/dL (95% CI -94.30, 94.30) 

HDL-C
50

 Moderate NA Indirect  Imprecise  Insufficient Inconclusive  

-2.00 mg/dL (95% CI -32.7, 28.70) 

TC
50

 Moderate NA Indirect  Imprecise  Insufficient Inconclusive  

5.00 mg/dL (95% CI -91.30, 
101.30)  

TG
50

 Moderate NA Indirect  Imprecise  Insufficient Inconclusive  

-32.00 mg/dL (95% CI -112.60, 
176.60) 

Calcium 
Channel 
Blockers + 
Aspirin 

      

LDL-C
51

 Moderate NA Indirect Imprecise Insufficient Inconclusive  

1.00 mg/dL (95% CI -10.90, 
12.90) 

HDL-C
51

 Moderate NA Indirect Precise Low No difference 

0 mg/dL (95% CI -4.00, 4.00) 

TC
51

 Moderate NA Indirect Imprecise Insufficient Inconclusive  

9.00 mg/dL (95% CI -6.40, 24.40) 

TG
51

 Moderate NA Indirect Precise Low In favor of supplement-CV drug 
combination  

-54.00 mg/dL (95% CI -94.1, -
13.90) 

Calcium 
Channel 
Blockers + 
Aspirin + 
Dipyridamole 

      

LDL-C
52

 Moderate NA Indirect Precise Low In favor of supplement-CV drug 
combination  

21.00 mg/dL (95% CI 3.30, 38.70) 

HDL-C
52

 Moderate NA Indirect Precise Low No difference 

0 mg/dL (95% CI -4.00, 4.00) 

TC
52

 Moderate NA Indirect Imprecise Insufficient Inconclusive  

19.00 mg/dL (95% CI -1.70, 
39.70) 

TG
52

 Moderate NA Indirect Precise Low In favor of supplement-CV drug 
combination  

-81.0 mg/dL (95% CI -125.30, -
36.70) 
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Cardiovascular 
drug(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect

*
 

Platelet count
52

 - - - - - Inconclusive  

-2.80 mg/dL 10
3
/µL (95% CI -

56.20, 0.20) 

Niacin + Aspirin       

LDL-C (mg/dL) Moderate NA Indirect Imprecise Insufficient Inconclusive  

17.00 (95% CI -6.60, 40.60) 

HDL-C (mg/dL) Moderate NA Indirect Imprecise Insufficient Inconclusive  

1.00 (95% CI -13.20, 15.20)  

TC (mg/dL)  Moderate NA Indirect Imprecise Insufficient Inconclusive  

9.00 (95% CI -19.10, 37.10) 

TG (mg/dL) Moderate NA Indirect Imprecise  Insufficient Inconclusive  

-94.00 (95% CI -196.80, 8.80) 

Note: * Range for mean difference (or risk ratio) given only when evidence consists of multiple studies that were not pooled. 

Intervention denotes dietary supplement arm; Control denotes placebo or no treatment arm. Range given if evidence consists of 

multiple studies. 

Abbreviations: ACE = angiotensin-converting enzyme; CHD = coronary heart disease; CRP = C-reactive protein; HDL-C = high 

density lipoprotein; LDL-C = low density lipoprotein; NA = not applicable; NR = not reported; PA/AD = platelet 

aggregation/adenosine diphosphate PT = prothrombine time; aPTT = activated partial thromboplastin time; RCT = randomized 

controlled trial; RR=relative risk; SBP = systolic blood pressure; TC = total cholesterol; TG = triglycerides; wk(s) = week(s); 

yr(s) = year(s). 

 

Applicability. Statin combinations were examined in populations with 22 to 100 percent males, 

with unclear to mixed coronary heart disease risk, and mean age ranging from 30 years to 63 

years. ACE inhibitors were examined in populations with 40 to 85 percent males, with unclear or 

high coronary heart disease risk, and mean age 40 years to 60 years. Calcium channel blockers 

plus aspirin plus dipyridamole were examined in a male population, with high coronary heart 

disease risk, and mean age 56 years. Trial duration ranged from 4 to 25 weeks.  

 

Vitamin E 

Ten RCTs and one CCT examined the use of Vitamin E with cardiovascular drugs 
46,49,59,81-88

 

Subjects were concomitantly taking antiplatelet agents (aspirin or ticlopidine)
49,81

, furosemide 
82

, 

gemfibrozil
59

, nifedipine
83

, or statins.
46,84-88

 

Vitamin E plus antiplatelet agents verus antiplatelet agents alone 

Two parallel-arm RCTs examined the effect of concomitant use of vitamin E and antiplatelet 

agents.
49,81

 In comparison to no treatment, 6 weeks of treatment with vitamin E was not found to 

effect total cholesterol in atherosclerotic plaque in participants taking aspirin or ticlopidine
81

. No 

changes in serum total cholesterol and triglyceride levels at follow-up were noted (reported 

qualitatively only). These results were likely impacted by Type II error due to small sample size 

(N=16).  

Platelet aggregation was assessed in a trial comparing vitamin E plus aspirin to aspirin in 

elderly, primarily white, subjects with transient ischemic attack, minor stroke, or residual 

neurologic deficits.
49

 Treatment was administered for two years. Platelet adhesion was 

significantly decreased by vitamin E supplementation (MD -1.70 platelets adherent/cm
2
 x 10

5
 

(95 percent CI -2.06, -1.34]). 

Strength of evidence was insufficient for triglycerides (Table 32). 



 

75 

 

Vitamin E plus furosemide versus furosemide alone 

One small parallel-arm RCT of 24 participants examined the concomitant use of Vitamin E 

and furosemide.
82

 Participants were randomized to receive either Vitamin E (600 mg/day) and 

furosemide (25 mg/day) or furosemide (25 mg/day) with placebo for 4 weeks. No significant 

differences were found in systolic and diastolic blood pressure. Strength of evidence for blood 

pressure was insufficient (Table 32). 

Vitamin E plus nifedipine versus nifedipine alone  

One small crossover RCT (N=30) examined vitamin E plus nifedipine versus placebo with 

nifedipine.
83

 Nifedipine was administered as a long-acting formulation at an average dose of 88 

± 11 mg/day and Vitamin E at a dose of 900 mg/day for 4 months.  

Supplementation with Vitamin E was found to significantly lower total serum cholesterol 

(MD -35.96 mg/dL (95 percent CI -46.96, -24.96], LDL-C (MD -39.83 mg/dL (95 percent CI -

71.29, -8.37]), and triglycerides (MD -23.91 mg/dL [95 percent CI -35.89, -11.93]). HDL-C was 

slightly raised by administration of vitamin E, but the estimate was not statistically significant 

(MD 4.26 mg/dL [95 percent CI -2.02, 10.54]). There were no statistically significant differences 

in systolic and diastolic blood pressure.  

The strength of evidence was insufficient for systolic and diastolic blood pressure, and HDL-

C. Strength of evidence for improvement in LDL-C and triglyceride levels with combination 

treatment was low (Table 32). 

Applicability. This study recruited elderly (mean age 73.8 ± 2.1 yrs), moderately obese subjects 

with stable effort angina and high CHD risk.  

Vitamin E plus gemfibrozil versus gemfibrozil alone  

The combination of vitamin E and gemfibrozil was assessed in one CCT of 67 participants.
59

 

Subjects were hyperlipidemic and were divided into young (mean age 29.5 ± 4.9 yrs) and elderly 

(mean age 71.5 ± 3.6 yrs) groups. No statistically significant effects were observed in lipid 

parameters or blood pressure. Effect estimates had very wide 95 percent confidence intervals, so 

this study was likely underpowered to detect statistically significant results. Strength of evidence 

for blood pressure and lipid parameters was insufficient (Table 32).  

Vitamin E plus statins versus statins alone  

Six RCTs addressed combined use of vitamin E and statins, including atorvastatin
88

, 

simvastatin
84-87

, and pravastatin
46

. All studies included subjects with hypercholesterolemia. In 

some studies, subjects also had additional conditions, such as diabetes
88

 and vascular disease
87

.  

Lipid parameters were reported in all studies. Meta-analyses of total cholesterol, LDL-C, 

HDL-C, and triglycerides were undertaken for four trials.
84-87

 Two trials could not be meta-

analyzed because different effect estimates were reported (i.e. one trial reported serum lipid 

parameters in a qualitative manner only
88

 and one trial reported lipid parameters as percent 

change from baseline
46

).  

One study reported nonsignificant differences in cholesterol and triglyceride levels in non-

HDL subfraction for combination vitamin E plus atorvastatin.
88

 Another study reported 

nonsignificant differences for percent change in baseline for total cholesterol, LDL-C, HDL-C, 

and triglycerides for combination vitamin E plus pravastatin.
46
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The four trials that were pooled included administration of vitamin E with simvastatin (total 

sample size 106).
84-87

 Dosages of vitamin E and simvastatin ranged from 400 to 1000 U/day and 

10 to 40 mg/day respectively. The pooled effect estimates for total cholesterol, LDL-C, HDL-C, 

and triglycerides were all statistically nonsignificant (Figures 15-18). Heterogeneity was minimal 

for all pooled estimates aside from LDL-C (I
2
 = 64.6 percent, p-value = 0.04). The most 

pronounced effect of statins is on lowering LDL-C. The observed heterogeneity, therefore, may 

reflect variations in LDL-C response to the different simvastatin dosages used in the trials. Based 

on these pooled estimates, strength of evidence was insufficient for LDL-C, HDL-C, and 

triglycerides (Table 32).  

Other reported outcomes included C-reactive protein, prothrombin time, and platelet count. 

In a study of middle aged hypercholesterolemic subjects at low CHD risk, a statistically 

significant difference for C-reactive protein in favor of Vitamin E plus simvastatin was found 

(MD -0.40 mg/L (95 percent CI -0.66, -0.14]).
86

 In another study of hypercholesterolemic 

subjects, no differences were found in prothrombin time and platelet count between Vitamin E 

plus pravastatin and pravastatin alone (reported qualitatively only).  
 

Figure 15. Forest plot of total cholesterol (mg/dL) for statins with or without vitamin E  
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Figure 16. Forest plot of LDL-C (mg/dL) for statins with or without vitamin E 

 
Figure 17. Forest plot of HDL-C (mg/dL) for statins with or without vitamin E 

 



 

78 

 

Figure 18. Forest plot of triglyceride levels (mg/dL) for statins with or without vitamin E 

 

 

Table 32. Summary and strength of evidence for cardiovascular drug(s) with and without vitamin E 

Cardiovascular 
drugs(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect* 
MD (95% CI) 

Antiplatelet 
Agents  

      

Triglycerides 
 

Moderate NA Indirect 
(surrogate) 

NA Insufficient Inconclusive 

No changes observed at 
end of follow-up 
(reported qualitatively 
only) 

Furosemide       

Blood pressure  
 

Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

Systolic 
-3.00 mmHg  
(-7.69, 1.69) 
Diastolic 
-2.00 mmHg  
(-6.36, 2.36) 

Nifedipine       

Blood pressure  
 

Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

Systolic 
-2.00 mmHg  
(-19.55, 15.55) 
Diastolic 
-1.00 mmHg  
(-3.79, 1.79) 

LDL-C 
 

Moderate NA Indirect 
(surrogate) 

Precise Low 
 

In favor of combination 
treatment  

-39.83 mg/dL  
(-71.29, -8.37) 
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Cardiovascular 
drugs(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect* 
MD (95% CI) 

HDL-C 
 

Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

4.26 mg/dL  
(-2.02, 10.54) 

Triglycerides 
 

Moderate NA Indirect 
(surrogate) 

Precise Low 
 

In favor of combination 
treatment  

-23.91 mg/dL  
(-35.89, -11.93) 

Gemfibrozil       

Blood Pressure  
 

High NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

Systolic 
7.00 mmHg (-14.07, 
28.07) (elderly) 
-3.00 mmHg (-22.46, 
16.46) (young) 
Diastolic 
4.00 mmHg (-11.29, 
19.29) (elderly) 
-1.00 mmHg (-13.00, 
11.00) (young) 

LDL-C 
 

High NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

6.96 (-132.08, 146.00) 
(elderly) 
-4.25 (-16.85, 8.35) 
(young) 

HDL-C 
 

High NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

0 (-4.42, 4.42) (elderly) 
6.19 (-1.28, 13.66) 
(young) 

Triglycerides 
 
 

High NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

-23.91 (-336.44, 288.62) 
(elderly) 
-7.97 (-45.23, 29.29) 
(young) 

Statins       

HDL-C 
 

Moderate Inconsistent Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

Pooled MD 1.31 mg/dL 
(-3.04, 5.67) 

LDL-C 
 

Moderate Consistent Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

Pooled MD -9.46 mg/dL 
(-26.81, 7.89) 

Triglycerides 
 

Moderate Consistent Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

Pooled MD 1.23 mg/dL 
(-4.42, 6.89) 

Note: * Range for mean difference (or risk ratio) given only when evidence consists of multiple studies that were not pooled. 

Intervention denotes dietary supplement arm; Control denotes placebo or no treatment arm. Range given if evidence consists of 

multiple studies. 

Abbreviations: CI = confidence interval; HDL-C = high density lipoprotein; LDL-C = low density lipoprotein; MD = mean 

difference; NA = not applicable. 
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Vitamin K 

Vitamin K plus coumarin derivatives versus coumarin derivatives alone  

Two parallel-group RCTs examined the effect of concomitant use of Vitamin K and 

coumarin derivatives in subjects with high and unknown CHD risk. One parallel-group RCT 

examined the effect of concomitant use of Vitamin K with phenprocoumon (40 mg/day)
39

 and 

the other with warfarin (varied doses).
41

 One case-control study was also identified that assessed 

whether vitamin K intake in subjects taking anticoagulants is associated with subtherapeutic 

INR.
138

 The results of this study have not been included in the evidence synthesis as it added no 

further insights to the existing randomized trials.  

Both trials reported the percentage of time that INR remained in the therapeutic range 

(defined as INR within 0.5 of 2.0 to 3.0,
41

 or as 2.0 to 3.5 for low-intensity treatment and 2.5 to 

4.0 for high intensity treatment
39

). A meta-analysis of this outcome for two studies, randomizing 

270 participants with data for 257, found that Vitamin K increases the percentage of time in the 

INR therapeutic range (MD 5.58 (95 percent CI 1.02, 10.14], I
2
 = 21.9 percent) (Figure 19).  

 
Figure 19. Forest plot of time in INR therapeutic range (percent), for coumarin derivatives with or 
without vitamin K 

Overall 

Sconce, 2007

Rombouts, 2007 

Mean Difference and 95% CI

9.00 [  1.57 , 16.43 ]

4.00 [ -0.46 ,  8.46 ]

5.58 [  1.02 , 10.14 ]

Heterogeneity: I-squared= 21.9%; Chi-squared=1,28; P-value=0.26

-3.83 2.08 7.99 13.89 19.8

Favors Supplement + Drug(s)Favors Drug(s) Alone

Weights

68.38

31.61

 
 

INR control was also examined in terms of percent of time spent outside target INR range 

(stratified into above or below),
39

 the standard deviation of the INR,
41

 number of participants in 

therapeutic range 100 percent of the time,
39

 and number of participants achieving improved INR 

control compared with 6 months prior to study.
41

 In all cases except percent of time above or 

percent of time below INR target range, for which no significant difference was found between 

the treatment groups, Vitamin K was found to increase stability of anticoagulation treatment 
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(Table 32). Furthermore, the number of participants achieving stable INR was higher in 

combination with warfarin (RR 2.56 [95 percent CI 1.24, 5.28]).
41

  

Strength of evidence for the statistically significant INR measures was low (Table 33).  

Subgroups of interest. One of the two studies
39

 examined the effect of Vitamin K on percentage 

of time within target INR range in the following pre-specified subgroups of interest: 

male/female, age (≥65 years - in this case ≥ 70 years). No significant differences were found by 

gender (calculated mean difference in males = 5 percent (-0.7, 10.7]; females = 3 percent (-6.8, 

12.8]) or age (≥65 yrs = 5.0 percent (-3.0, 13.0]) compared to those for all groups combined.  

Applicability. Participants in both studies were at unclear CHD risk. Participants in one 

trial,
39

had an indication for long-term treatment with oral anticoagulants while participants in the 

other had atrial fibrillation anticoagulated with warfarin for thromboembolic prophylaxis but 

with unstable INR control.
41

 Both groups consisted of participants between the ages of 58 and 86 

years. The race of subjects was not reported in one study
41

 while 100 percent of subjects were 

white in the other.
39

 Both trials were of six months duration. 
 

Table 33. Summary and strength of evidence for coumarin derivatives with and without vitamin K 

Cardiovascular 
drugs(s) / 
Outcome 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect* 
 (95% CI) 

% time in INR 
therapeutic range 

Moderate Consistent Indirect 
(surrogate) 

Precise Low In favor of combination 
treatment  

Pooled MD 5.58% (1.02 
, 10.14)  

% time below INR 
therapeutic range  

Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

MD -1.00 (-2.87, 0.87)  

% time above INR 
therapeutic range  

Moderate NA Indirect 
(surrogate) 

Imprecise Insufficient Inconclusive 

MD -2.90 (-6.89 1.09)  

SD of INR  Moderate NA Indirect 
(surrogate) 

Precise Low In favor of combination 
treatment  

MD -0.12 (-0.20, -0.04)  

N in therapeutic 
range 100% of 
time  

Moderate NA Indirect 
(surrogate) 

Precise Low In favor of combination 
treatment  

N in therapeutic range 
100% of time  
RR 1.80 (1.10, 2.70)  

N achieving INR 
control  

Moderate NA Indirect 
(surrogate) 

Precise Low In favor of combination 
treatment  

N achieving INR control  
RR 1.30 (1.04, 1.62)  

N achieving 
stable INR  

Moderate NA Indirect 
(surrogate) 

Precise Low In favor of combination 
treatment  

N achieving stable INR  
RR 2.56 (1.24, 5.28)  

Note: * Range for mean difference (or risk ratio) given only when evidence consists of multiple studies that were not pooled. 

Intervention denotes dietary supplement arm; Control denotes placebo or no treatment arm. Range given if evidence consists of 

multiple studies. 

Abbreviations: CI = confidence interval; INR = International Normalized Ratio; MD = mean difference; N = number; NA = not 

applicable; SD = standard deviation. 
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Summary of results for Key Question 2 

For key Question 2, we compared a dietary supplement coadministered with a cardiovascular 

drug(s) with the cardiovascular drug(s) alone (or in conjunction with another supplement) to 

investigate comparative clinical efficacy/effectiveness, subgroup effect and statistical 

interactions.  

 Fifty-seven RCTs and two CCTs addressed this key question. Most evidence was from 

small, underpowered RCTs that provided inconclusive results. The strength of evidence (SOE) 

for gradable outcomes was generally insufficient. Further details are presented below, by 

supplement-CV drug combination.  

 No study addressed the following outcomes: incidence of metabolic syndrome, incidence 

of hypotension, carotid-intima media thickness, and change in 10-year Framingham risk profile.  

Coenzyme Q10: This supplement was coadministered with statins, ACE inhibitors, and fibrates 

in five trials. Underpowered studies found no differences in CRP, HDL-C, non-HDL-C, 

LDL-C, TC, TG, ejection fraction, and systolic blood pressure. 

Echinacea-warfarin: A single small study found nonsignificant differences in INR and platelet 

aggregation. 

Garlic-warfarin: Nonsignificant differences were found in LDL-C, triglycerides, blood 

pressure, INR, platelet aggregation, and platelet count from few small, underpowered 

studies. HDL-C significantly improved in the combination group (MD 4.50 mg/dL (95 

percent CI 0.19, 8.81]). The strength of evidence favoring combination treatment for HDL-C 

was low.  

Garlic-nitrates: When in combination, garlic nitrates improve total cholesterol (mean difference 

(MD] -28.20 mg/dL (95 percent CI -48.30, -8.10]) and HDL-C (MD 8.50 mg/dL (95 percent 

CI 1.91, 14.89]). The SOE for improvement in HDL-C was low. 

Garlic-statins and aspirin: Nonsignificant differences were found for lipid parameters, c-

reactive protein, platelet count, and Agatston calcium score. One measure of coronary artery 

calcification (volume calcium score) was statistically significant in favor of combination 

treatment (MD -83.80 mm
3
 (95 percent CI -164.22, -3.38]).  

Ginger-warfarin: Nonsignificant differences were observed in mean differences for INR and 

platelet aggregation from one underpowered trial.  

Ginkgo-antiplatelets: Nonsignificant differences were found in clotting time, partial 

thromboplastin time, platelet count, lipid parameters, and blood pressure. Pooled estimates 

for platelet aggregation and bleeding time were nonsignificant. Data came from small trials 

that were likely underpowered.  

Ginkgo-warfarin: Compared to warfarin alone or warfarin with ginger, there were no 

significant differences in platelet aggregation or INR. This evidence came from only one 

underpowered trial.  

Ginkgo-cilostazol: Platelet aggregation and bleeding time were significantly different in a single 

dose study of healthy South Asian males (MD 18.00 percent (95 percent CI 1.92, 34.08] and 

1.02 min (95 percent CI 0.10, 1.94] respectively).  

Ginseng-warfarin: Inconsistent results were reported for INR. One study found a significant 

difference in healthy subjects (MD -0.19 (95 percent CI -0.36, -0.07]) and two studies found 

no differences. Platelet count and prothrombin time were not significant. 

Hawthorne-digoxin: A single, underpowered trial found no significant difference in PR 

interval. 
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Magnesium-hydrochlorothiazide: Nonsignificant differences were found in total cholesterol 

and triglycerides. Pooled estimates for systolic and diastolic blood pressure were 

nonsignificant. Data came from small, underpowered trials.  

Niacin-propranolol: Effect estimates for total cholesterol and triglycerides were statistically 

nonsignificant in one small trial at high risk of bias.  

Omega-3 – statins: In 12 RCTs, no differences were found for c-reactive protein, HDL-C, LDL-

C, diastolic blood pressure, blood coagulation parameters (PT, aPTT, platelet aggregation), 

and bleeding time. The mean systolic blood pressure was significantly lower in the 

supplement combination versus statins alone group. The results for non-HDL-C, TC/HDL-C 

ratio, and platelet count were either non-significant with wide confidence intervals or 

conflicting, thus inconclusive.  

Omega-3 – ACE inhibitors: No differences were found for blood pressure in two small trials. 

However, significantly more participants achieved ≥ 50 percent reduction in proteinuria with 

combination treatment in one trial (relative risk (RR] 4.00 (95 percent CI 1.40, 11.30]). 

Results for triglycerides were conflicting and inconclusive.  

Omega-3-fenofibrate: Results for lipid profile reported in one trial were not interpretable due to 

reported percent changes. The incidence of hypertension did not significantly differ between 

the combination and control groups.  

Omega-3-calcium channel blockers: One underpowered trial found no differences in total 

cholesterol, LDL-C, HDL-C, and triglycerides. Two trials using aspirin in addition to 

calcium channel blockers found significant difference in triglycerides in favor of 

combination treatment (MD -81.00 mg/dL (95 percent CI -125.30, -36.70]
52

 and -54.00 

mg/dL (95 percent CI: -94.10, -13.90]
51

). The SOE for triglycerides was low.  

Omega-3-niacin+aspirin: In one small trial, no significant differences were found for total 

cholesterol, LDL-C, HDL-C, and triglycerides.  

Omega-3- aspirin: In two trials, single aspirin dose was given, which precluded meaningful 

interpretation of results.  

Vitamin E-antiplatelets: No differences were found in total cholesterol or triglycerides in one 

small underpowered trial. Platelet aggregation was significantly decreased with vitamin E 

supplementation compared with aspirin alone (MD -1.70 platelets adherent/cm
3
 (95 percent 

CI -2.06, -1.34]). 

Vitamin E-furosemide: No significant differences were found in systolic and diastolic blood 

pressure in one small study. 

Vitamin E-nifedipine: Supplementation with Vitamin E significantly lowered total cholesterol 

(MD -35.96 mg/dL (95 percent CI -46.96, -24.96]), LDL-C (MD -39.83 mg/dL (95 percent 

CI -71.29, -8.37]), and triglycerides (MD -23.91 mg/dL (95 percent CI -35.89, -11.93]) in 

elderly subjects at high CHD. Strength of evidence favoring combination treatment was low 

for LDL-C and triglycerides. No differences were found in HDL-C and blood pressure.  

Vitamin E-gemfibrozil: No differences were found for lipid parameters and blood pressure in 

one trial that was likely underpowered.  

Vitamin E-statins: Most trials had small sample sizes (largest one recruited 108 subjects). 

Pooled effect estimates for total cholesterol, LDL-C, HDL-C, and triglycerides were 

statistically nonsignificant. Single trials reported nonsignificant differences for c-reactive 

protein, prothrombin time, and platelet count. 

Vitamin K-warfarin: Percentage of time that INR was in the therapeutic range was significantly 

higher in the combination group based on meta-analysis of two trials (pooled MD 5.58 (95 
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percent CI 1.02, 10.14]). Significantly more subjects were in the INR range 100 percent of 

time (pooled RR = 1.80 (95 percent CI 1.10, 2.70]), achieved INR control (pooled RR 1.30 

(95 percent CI 1.04, 1.62]), and achieved stable INR (pooled RR 2.56 (95 percent CI 1.24, 

5.28]). Strength of evidence for INR was low.  
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Key Question 3 

In adults taking cardiovascular drugs, what are the effects of concomitant 
use of specific dietary supplements (when compared to cardiovascular 
drugs alone or cardiovascular drugs and a different dietary supplement(s]) 
on clinical or intermediate harms outcomes (e.g., organ toxicity, serious 
adverse events, withdrawal due to adverse events) 

Do the effect estimates of harms outcomes vary by age, ethnicity, gender, 
or health status? 

Is there a measurable interaction between cardiovascular drugs and dietary 
supplements for harms outcomes? 

Overview  

A total of 58 unique studies were included for Key Question 3 (Table 34).
38,44,46,47,49,51-

53,55,56,80,82-85,87-93,
 
35-37,39-42,48,54,58,60-72,74-79,94-100

  

One of the included studies was a retrospective cohort study,
100

 while the rest were RCTs. 

The retrospective cohort study 
100

 examined the effects of omega-3 fatty acids plus aspirin and 

clopidogrel versus aspirin and clopidogrel alone among patients at high CHD risk. For this study, 

most of the risk of bias components were scored as unclear (e.g., appropriateness of participant 

selection, freedom from confounding, similarity of provider care between study arms, freedom 

from financial conflict of interest).
100

  

One study examined the statistical interaction between vitamin E and aspirin 
89

 on harms. 

The characteristics of included studies are summarized in Table 34. Overall, the studies were 

generally of moderate risk of bias across all gradable harms, and the risk of bias is summarized 

in Table 35. The harms outcomes examined across the included studies ranged from minor (e.g., 

flatulence) to serious (e.g. major bleeding). Although a higher proportion of the harms outcomes 

were reported as continuous data versus dichotomous data, the dichotomous outcomes were the 

focus of the present work, as these are the most suitable type of data for examining harms. A 

carryover effect was not a major concern in the crossover trials because most of the studies 

incorporated adequate washout periods in their design – well over five times the half-life of the 

drug/supplement under investigation. However, a carryover effect may have influenced the 

results of 5 of the included crossover studies because it was not clearly reported 
36

, the washout 

period was only 1 week 
90

 or there was not a washout period.
42,78,87

 Detailed study characteristics 

and data from each of the included studies are available in Appendix C. For each supplement 

examined, we compared the different cardiovascular drug and supplement combination(s) versus 

the cardiovascular drug alone. For most supplement-cardiovascular drug related harms outcomes, 

data were either absent or too sparse with occasional events, precluding meaningful synthesis 

(Appendix C). Where subgroup analysis could be carried out, we report subgroup results as an 

additional consideration under the corresponding supplement.  
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Table 34 Overview of included studies for Key Question 3 

Dietary 
supplement 

N of studies 
included for 
KQ3 

Cardiovascular 
drug(s) 

Study 
design(s)  

Participants Study region Race/Ethnicity Overall 
risk of 
bias for 
gradable 
harms 
outcomes 

Industry funding 
or potential for 
conflict of 
interest 

Coenzyme 
Q10 

5
37,54,60-62

 Atorvastatin, 
simvastatin, 
fenofibrate, ACE-
Inhibitors 

4 Parallel 
RCT, 1 
crossover 
RCT 

Low CHD risk 
37

, 
moderate to 
moderately high 
CHD risk 

61,62
, 

high CHD risk 
54,60

 

North America, 
East Asia, 
Australia/NZ 

Caucasians and 
Asians 

Moderate Yes 
61

 
Unclear 

37,54
 

No 
60,62

  

Echinacea 1
63

 Warfarin Crossover 
RCT 

Low CHD risk Australia/New 
Zealand 

Mixed – 
Caucasians and 
Asians/South 
Asians 

Moderate Yes 

Garlic 4
58,64-66

 Warfarin, nitrates, 
statin + aspirin 

3 Parallel 
RCT, 1 
crossover 
RCT 

Low CHD risk 
65

, 
high CHD risk 
58,64,66

 

Europe, 
Australia/NZ, NR 

Caucasians Moderate Unclear 
65,66

 
No 

58,64
 

 

Ginger 1
67

 Warfarin (single 
dose) 

1 Crossover 
RCT 

Low CHD risk Australia/New 
Zealand 

Asians, 
Caucasians 

Moderate No 

Ginkgo 
biloba 

7
48,67-71,99

  Warfarin, aspirin, 
aspirin and/or 
pentoxiphylline, 
digoxin, nitrates, 
statin + aspirin, 
ticlopidine 

Parallel RCT 
(2), 
crossover 
RCT (5) 

Low CHD risk 
67,68,70,71,99

, 
Moderate to 
moderately high 
CHD risk 

48,69
 

East Asia, North 
America, 
Europe, rest of 
Asia, 
Australia/New 
Zealand 

Asians, 
Caucasians  

Moderate Yes
71

 
Unclear

99
 

No
67

 

Ginseng 3
72-74

 Warfarin 1 crossover, 
and 2 
parallel 
RCTs 

Low CHD risk 
74

, 
mixed 
low/moderate to 
moderately high 
73

, high CHD risk 
72

 

East Asia, NR Mixed – 
Caucasians 
Asians and 
Hispanics 

Moderate  Yes 
73

 
No 

72,74
 

Hawthorne 1
75

 Digoxin Crossover 
RCT 

Low CHD risk North America  Caucasians Moderate Unclear 

Magnesium 
(oral) 

3
42,76,77

 Hydrochlorthiazide, 
metoprolol, 
atenolol, pindolol, 
propanolol 

2 Parallel 
RCTs and 1 
crossover 
RCT 

Low CHD risk NR Africans?, NR Moderate Unclear 

Niacin (≤ 250 
mg/d) 

1
78

 Propanolol Crossover 
RCT 

Low CHD risk Europe Caucasians High Unclear 
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Dietary 
supplement 

N of studies 
included for 
KQ3 

Cardiovascular 
drug(s) 

Study 
design(s)  

Participants Study region Race/Ethnicity Overall 
risk of 
bias for 
gradable 
harms 
outcomes 

Industry funding 
or potential for 
conflict of 
interest 

Omega- 3 
fatty acids (or 
fish oils) 

22
35,36,40,44,47,51-

53,55,56,79,80,90-

98,100
 

Statins; Aspirin; 
Aspirin + 
Clopidogrel; 
Aspirin + 
Dipyridamole + Ca 
Channel Blockers; 
Warfarin; Ramipril 
and/or irbesartan; 
Fenofibrate 

13 Parallel 
RCT, 8 
crossover 
RCT, 1 
retrospective 
cohort 

Low CHD risk 
35,56,79,90,92,93,95-

97
, moderate to 

moderately high 
CHD risk 
36,40,44,51,52,80,91,94

, 
high CHD risk 

47
, 

mixed CHD risk 
53

, unclear CHD 
risk 

55
 

North America, 
Australia/NZ, 
Europe,  

Mostly 
Caucasian 

Moderate Yes 
35,36,40,47,56,94-96

 
Unclear 

51-53,55,79,90-

93,97,98,100
 

No 
44,80

  
 

Red yeast 
rice extract 

0 - - - - - - - 

Resveratrol 0 - - - - - - - 

Vitamin A 0 - - - - - - - 

Vitamin D 
with Calcium 

0 - - - - - - - 

Vitamin D 
without 
Calcium  

0 - - - - - - - 

Vitamin E 10
38,46,49,82-

85,87-89
 

Aspirin, 
simvastatin, 
atorvastatin, 
pravastatin, 
furosemide 

8 Parallel 
RCT and 2 
crossover 
RCT 

Low CHD risk 
38,46,82,84,89

, high 
CHD risk 
49,83,85,87,88

 

East Asia, 
Central & South 
America; 
Europe, unclear, 
Australia?, NR 

Caucasians, 
Asians, South 
Americans 

Moderate Yes 
87

 
Unclear 

46,49,82-

84,88,89
 

No 
38,85

 

Vitamin K 2
39,41

 Warfarin, 
phenprocoumon 

Parallel RCT High CHD risk Europe Caucasians Moderate Unclear  
 

Abbreviations: ACE-I = Angiotensin-converting enzyme inhibitors; Ca = calcium; CHD = coronary heart disease; KQ3 = key question 3; N = total number; NR = not 

reported.
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Table 35. Risk of bias and potential for conflict of interest 

All RCTs % of total studies (N=57) 

Items Yes No Unclear 

Adequate generation of allocation sequence  22.8 0.0 77.2 

Allocation concealment  7.0 0.0 93.0 

Comparability of groups 49.1 17.5 33.3 

Purity of supplement  82.5 14.0 3.5 

Blinding of allocated intervention 24.6 24.6 50.9 

Adequately addressed missing data 59.6 3.5 36.8 

Freedom from potential for conflict of interest 21.1 33.3 45.6 

Crossover RCTs % of total crossover studies (N=21)  

Suitability of crossover design for the study condition  100   

Freedom from carryover effect  19.0 71.4 9.5 

Appropriateness of statistical analysis for crossover design  23.8 14.3 61.9 

Comparability of groups between periods 1 and 2 9.5 0.0 90.5 

Freedom from bias introduced by dropouts  76.2 9.5 14.3 

Abbreviations: N = total number; RCTs = randomized controlled trials. 

 

Coenzyme Q10 

Five RCTs examined coenzyme Q10 plus statins, fenofibrate or angiotensin-converting 

enzyme (ACE) inhibitors versus statins, fenofibrate or ACE inhibitors alone. 
37,54,60-62

 The 

included patients ranged from those with ischemic or idiopathic dilated cardiomyopathy, 
54

 or 

diabetes, 
60

 to individuals with myalgia,
37

 or myopathic pain.
62

 The majority of studies were 

parallel RCTs (one crossover RCT 
54

) with moderate risk of bias. Meta-analysis was not possible 

due to the low event rate across all of the harms outcomes.  

Coenzyme Q10 plus statins versu statins alone  

Insufficient evidence was noted across all of the gradable clinical adverse events and organ 

toxicity outcomes for coenzyme Q10 plus statins versus statins alone, including serious adverse 

events,
61

 withdrawal due to adverse events,
37,61

 hepatoxicity (elevated alanine transaminase,
37

 

elevated aspartate aminotransferase
37

), and renal dysfunction (abnormal glomerular filtration 

rate
37

) (Table 36). None of the included studies examined the gradable outcome bleeding. One 

RCT examined adverse events in general and zero events were observed.
61

 One RCT found a 

higher frequency of decreased myopathic pain in the coenzyme Q10 plus statin group (16/18) 

versus the statin alone group (3/14), and the relative risk (RR) was 4.18 (95 percent confidence 

interval (CI] 1.50, 11.46).
62

 Similarly, significantly lower pain severity scores on the 4 pain 

intensity items of the Brief Pain Inventory (BPI) Questionnaire (mean difference (MD] -1.76 (95 

percent confidence interval (CI) -2.93, -0.58]) and lower average pain interference scores on the 

7 items of the BPI Questionnaire (MD -1.43 (95 percent CI -2.76, -0.10]) were observed in the 

coenzyme Q10 plus statins versus the statins alone group.
62

 However, another RCT examining 

myalgia using the Visual Analogue Scale did not find a statistically significant difference 

between coenzyme Q10 plus statins versus statins alone.
37

 Two RCTs examined fasting blood 

glucose as a continuous outcome; no differences were observed for atorvastatin.
61

 Other 
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continuous outcomes reported for the statins included myoglobin,
61

 creatine kinase (CK), or 

creatine phosphokinase (CPK);
61,62

 no statistically significant differences were observed. 

Coenzyme Q10 plus fenofibrate versus fenofibrate alone 

Insufficient evidence was noted across all of the gradable clinical adverse events and organ 

toxicity outcomes for coenzyme Q10 plus fenofibrate versus fenofibrate alone, including 

withdrawal due to adverse events,
60

 elevated alanine transaminase,
60

 and elevated creatinine
60

 

(Table 36). None of the included studies examined the gradable outcomes serious adverse events 

or bleeding. RCTs also reported abnormal electrocardiogram (ECG) 
60

 and abnormal CK/CPK;
60

 

zero events were observed. In another RCT, frequency of retinopathy was the same with 

coenzyme Q10 plus fenofibrates (5/20) versus fenofibrate alone (6/20).
60

 One RCT examined 

fasting blood glucose as a continuous outcome; no differences were observed.
60

 

Coenzyme Q10 plus ACE Inhibitors versus ACE Inhibitors alone 

Insufficient evidence was noted across all of the gradable clinical adverse events and organ 

toxicity outcomes for coenzyme Q10 plus ACE inhibitors versus ACE inhibitors alone, including 

hepatoxocity (elevated alanine transaminase,
54

 aspartate aminotransferase
54

) and renal 

dysfunction (creatinine,
54

 blood urea nitrogen 
54

) (Table 36). None of the included studies 

examined the gradable outcomes serious adverse events, withdrawal due to adverse events or 

bleeding. One RCT also reported adverse events in general;
54

 zero events were observed.  
 

Table 36. Strength of evidence for coenzyme Q10 with or without cardiovascular drugs 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

Coenzyme Q10        

Serious adverse 
events [1 study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Withdrawal due to 
adverse events [2 
studies] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

Study 1: 0 events  
Study 2: no significant 
differences; 6/22 events 
in intervention group vs. 
4/22 events in placebo 
group 

Renal dysfunction 
(glomerular 
filtration rate [1 
study]) 

Moderate  NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Hepatotoxicity 
hepatoxicity 
(alanine 
transaminase, 
aspartate 
aminotransferase 
[1 study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

0 events observed  

Fenofibrate       

Withdrawal due 
to adverse 
events [1 study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

2 events total (not 
reported by group) 

Renal Moderate  NA Indirect Imprecise Insufficient Inconclusive 
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Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

dysfunction 
(creatinine [1 
study]) 

surrogate No significant 
differences between 
groups, number of 
events not reported 

Hepatotoxicity 
(alanine 
transaminase 
[study])  

Moderate  NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

0 events observed 

ACE inhibitors       

Renal dysfunction 
(creatinine, blood 
urea nitrogen [n=1 
study]) 

     0 events observed in 1 
study 

Hepatotoxicity 
(alanine 
transmainase, 
aspartate 
aminotransferase 
[1 study])  

Moderate  NA Indirect 
surrogate 

Imprecise Insufficient 0 events observed in 1 
study 

Abbreviations: ACE = angiotensin-converting enzyme; NA = not applicable. 

 

Echinacea 

Using a randomized open-label crossover trial, total adverse events and withdrawals due to 

adverse events were investigated for a mixture of 600 mg of Echinacea angustifolia roots plus 

675 mg of E. purpurea root given four times a day for over two weeks with a single dose of 25 

mg warfarin versus warfarin alone.
63

 Insufficient evidence was noted for the gradable outcome 

withdrawal due to adverse events (Table 37). Furthermore, this study did not report data on the 

gradable outcomes serious adverse events, bleeding, renal dysfunction or hepatotoxicity.
63

 Zero 

adverse events were observed in the 12 healthy non-smoking males in the Echinacea plus 

warfarin group and the 12 healthy non-smoking males in the warfarin alone group.  
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Table 37. Strength of evidence for warfarin with or without Echinacea 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

Withdrawal due to 
adverse events [1 
study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Abbreviation: NA = not available. 

 

Garlic 

Four RCTs examined garlic (4g/day to 10g/day) plus warfarin, nitrates, or statins/aspirin 

versus warfarin, nitrates, or statins/aspirin alone.
58,64-66

 The included patients ranged from 

healthy non-smoking males 
65

 to individuals with cardiac conditions, 
58,64,66

 and the majority of 

studies were parallel RCTs (one crossover RCT 
65

) of moderate risk of bias. Meta-analysis was 

not possible due to the low event rate across all of the harms outcomes. 

Garlic plus warfarin versus warfarin alone 

Insufficient evidence was available for the gradable harm bleeding for garlic plus warfarin 

versus warfarin alone (Table 38).
64,65

 In one study, bleeding was defined as hemorrhage, 

epistaxis, hemoptysis, hematuria, bloody stools, hemorrhage into organs, hemarthrosis, 

hematomas, or bruising.
64

 The other study simply indicated major bleeding episodes.
65

 None of 

the included RCTs examined the gradable outcomes serious adverse events, withdrawal due to 

adverse events, renal dysfunction or hepatotoxicity. One RCT examined fasting blood glucose 
64

 

and anemia;
64

 no statistically significant effects were observed. 

Garlic plus nitrates versus nitrates alone 

One RCT examined garlic plus nitrates versus nitrates alone and did not report the results for 

any of the gradable harms.
58

 This RCT reported only one harm (fasting blood glucose as a 

continuous outcome) and found no statistically significant effects.
58

 

Garlic plus statins/aspirin versus statins/aspirin alone 

Insufficient evidence was noted for the gradable outcomes renal dysfunction
66

 and 

hepatoxocity
66

 for garlic plus statins/aspirin versus statins/aspirin alone (Table 38). The RCT 

also reported harms data related to leukopenia
66

 and fasting blood glucose;
66

 no statistically 

significant effects were observed.  
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Table 38. Strength of evidence for warfarin with or without garlic. 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

Warfarin        

Bleeding [2 
studies] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Aspirin       

Renal dysfunction* 
(creatinine, serum 
potassium [1 
study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

No statistically 
significant differences 
observed 

Hepatotoxicity* 
(aspartate 
aminotransferase, 
alanine 
transaminase, 
alkaline 
phosphatase [1 
study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

No statistically 
significant differences 
observed 

Note: * continuous data only (dichotomous data not available). 

Abbreviation: NA = not applicable. 

 

Ginger 

No evidence of gradable outcomes were found for this supplement. Mild diarrhea in 1/12 

subjects was found in one RCT after 2 days of supplementation with ginger plus a single dose of 

warfarin.
67

  

 

Ginkgo biloba 

Seven RCTs examined Ginkgo biloba plus warfarin, aspirin, aspirin and/or pentoxiphylline, 

digoxin, statin/aspirin, cilostazol/clopidogrel or ticlopidine versus these cardiovascular 

medications alone.
48,67-71,99

 Two of these studies included a single dose of a cardiovascular 

medication so their results should be interpreted with caution.
70,71

 The included patients ranged 

from those at risk for peripheral artery disease
69

 or stroke,
48

 to healthy adults
68,99

 or males.
67,70,71

 

The majority of studies were crossover RCTs (two parallel RCTs 
48,69

) of moderate risk of bias. 

Meta-analysis was not possible due to the low event rate across all of the harms outcomes.  

Ginkgo biloba plus aspirin versus apirin alone  

Insufficient evidence was noted across all of the gradable clinical adverse events and organ 

toxicity outcomes for G. biloba plus aspirin versus aspirin alone, including withdrawal due to 

adverse events,
69

 bleeding (nosebleeds and/or unusual bleeding),
69

 renal dysfunction,
68

 and 

hepatotoxicity
68

 (Table 39). None of the included studies examined the gradable outcome serious 

adverse events. No statistically significant differences were observed across the total adverse 

events (11/34 G. biloba plus aspirin group versus 15/33 aspirin alone group) and upset stomach 

(6/34 G.biloba plus aspirin group versus 5/33 aspirin alone group) harms.
69

 One RCT reported 

anemia and white blood cell count using continuous data but found no significant differences 

between the groups taking G. biloba plus aspirin group and aspirin alone.
68

 



 

93 

 

Ginkgo biloba plus aspirin and/or pentoxiphylline versus  aspirin and/or 

pentoxiphylline alone 

Insufficient evidence was noted for the gradable harm withdrawal due to adverse events for 

G. biloba plus aspirin and/or pentoxiphylline versus aspirin and/or pentoxiphylline alone
48

 

(Table 39). None of the included studies reported the gradable outcomes serious adverse events, 

bleeding, renal dysfunction or hepatotoxicity. One RCT reported 4/33 gastrointestinal events in 

the G. biloba plus aspirin and/or pentoxiphylline group compared with 3/29 events in the control 

group,
48

 which was not statistically significant. 

Ginkgo biloba plus ticlopidine versus ticlopidine alone 

Insufficient evidence was noted for the gradable harms renal dysfunction (raised creatinine,
71

 

abnormal blood urea nitrogen
71

) and hepatotoxicity (elevated aspartate aminotransaminase,
71

 or 

elevated alkaline phosphatase 
71

) for G. biloba plus ticlopidine versus ticlopidine alone (Table 

39). None of the included RCTs examined the gradable outcomes serious adverse events, 

withdrawal due to adverse events or bleeding. One RCT examined the effects of G. biloba plus 

ticlopidin versus ticlopidin alone on hypoglycemia, hyperglycemia, leukopenia, 

thrombocytopenia, anemia, and abnormal ECG; 0 events were observed.
71

  

Ginkgo biloba plus warfarin versus warfarin alone 

Insufficient evidence was noted for the gradable harms serious adverse events and 

withdrawal due to adverse events for G. biloba plus warfarin versus warfarin alone (Table 39).
67

 

None of the RCTs examined the other gradable harms, including bleeding, renal dysfunction, and 

hepatotoxicity. Furthermore, zero events were observed for constipation and no statistically 

significant differences were reported for diarrhea (0/12 intervention group vs. 1/12 control 

group).
67

  

Ginkgo biloba plus digoxin versus digoxin alone  

Insufficient evidence was noted for G. biloba plus digoxin versus digoxin alone related to 

withdrawal due to adverse events (Table 39).
99

 However, no data was available on the other 

gradable harms, including serious adverse events, bleeding, renal dysfunction, and 

hepatotoxicity. Furthermore, zero events were reported for adverse events and no statistically 

significant differences were noted for gastrointestinal adverse events (1/8 intervention group vs. 

0/8 control group).
99

 

Ginkgo biloba plus cilostazol/clopidogrel versus cilostazol/clopidogrel alone 

Insufficient evidence was noted for Ginkgo biloba plus cilostazol/clopidogrel versus 

cilostazol/clopidogrel alone across all gradable outcomes, as none of these were reported.
70

 One 

RCT examined total adverse events; 0 events were reported.
70
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Table 39. Strength of evidence for G. biloba plus cardiovascular drugs versus cardiovascular 
drugs alone. 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

Aspirin        

Withdrawal due to 
adverse events [1 
study] 

Low NA Direct Imprecise Insufficient Inconclusive 

No statistically 
significant differences, 
3/34 intervention group 
vs. 2/33 control group 

Bleeding [1 study] Low NA Direct Imprecise Insufficient Inconclusive 

No statistically 
significant difference; 
5/34 events intervention 
group vs. 4/33 events 
control group 

Renal dysfunction* 
(creatinine, blood 
urea nitrogen [1 
study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

No statistically 
significant differences 
observed 

Hepatotoxicity* 
(aspartate 
aminotransaminas
e, alanine 
transaminase, [1 
study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

No statistically 
significant differences 
observed 

Aspirin and/or 
pentoxiphylline 

      

Withdrawal due to 
adverse events 
[n=1 study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Ticlopidine       

Renal dysfunction 
(creatinine, blood 
urea nitrogen [1 
study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

0 events observed 

Hepatotoxicity 
(aspartate 
aminotransaminas
e, alkaline 
phosphatase [1 
study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

0 events observed 

Warfarin       

Serious adverse 
events [1 study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Withdrawal due to 
adverse events [1 
study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Digoxin       

Withdrawal due to 
adverse events [1 
study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Note: * continuous data only (dichotomous data not available). 

Abbreviation: NA = not applicable. 
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Ginseng 

One parallel RCT examined the effects of 1.5g/day ginseng plus warfarin versus warfarin 

alone among patients who had experienced a stroke.
72

 Another parallel RCT examined the same 

comparison but with 2 g/day ginseng among healthy patients,
73

 while a crossover RCT examined 

the same comparison but with 3 g/day ginseng among healthy non-smoking males.
74

 All three 

RCTs were of moderate risk of bias. Meta-analysis was not possible due to the low event rate 

across all of the harms outcomes. Insufficient evidence was noted across the gradable clinical 

adverse events, including withdrawal due to adverse events
74

 and bleeding (no description 

provided)
72

 (Table 40). None of the included RCTs examined the gradable outcome serious 

adverse events. Furthermore, insufficient evidence was noted for the organ toxicity outcomes 

(elevated creatinine,
72

 abnormal blood urea nitrogen,
72

 elevated aspartate aminotransaminase,
72

 

and elevated alanine transaminase 
72

), yet these were based on continuous data only 

(dichotomous data was not available). One RCT also examined prothrombin time, total adverse 

events, headache, dizziness, indigestion, international normalized ratio (INR) above 3.5, 

diarrhea, and constipation;
72

 zero events were observed across all of these outcomes. Another 

RCT reported zero adverse events of clinical importance.
73

 One RCT examined the outcomes 

hematocrit and anemia using continuous data;
72

 no statistically significant differences were 

observed between intervention and control groups.  
 

Table 40. Strength of evidence for warfarin with or without ginseng. 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

Withdrawal due to 
adverse events [1 
study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Bleeding [1 study] Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Renal dysfunction* 
(creatinine, blood 
urea nitrogen [1 
study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

No statistically 
significant differences 
observed 

Hepatotoxicity* 
(aspartate 
aminotransaminas
e, alanine 
transaminase [1 
study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

No statistically 
significant differences 
observed 

Note: * continuous data only (dichotomous data not available). 

Abbreviation: NA = not applicable. 

 

Hawthorne 

Tankanow and colleagues investigated the occurrence of harms with hawthorne and digoxin 

in 8 healthy male volunteers in an open-label, randomized crossover trial of digoxin 0.25 mg/day 

for a 10-day period plus 900 mg/day of extract of hawthorne leaves with flowers standardized to 

84.3 mg of oligomeric procyanidines for a 21 day period, versus digoxin alone for 10 days.
75

 

This RCT did not report results for any of the gradable harms, including serious adverse events, 

withdrawal due to adverse events, bleeding, renal dysfunction, and hepatotoxicity. Furthermore, 
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no statistically significant differences were observed between groups in incidence of flatulence 

(intervention: 1/11 versus control: 0/11), nausea (intervention: 2/11 versus control: 0/11), 

insomnia (intervention: 1/11 versus control: 1/11), headache (intervention: 1/11 versus control: 

0/11), and dizziness (intervention: 1/11 versus control: 0/11). 

 

Magnesium (oral)  

One parallel RCT examined the effects of 4.5g/day oral magnesium plus hydrochlorthiazide 

versus hydrochlorthiazide alone,
76

 while another examined the same comparison but with 15.78 

mmol twice daily among hypertensive patients.
77

 In addition, one crossover RCT examined the 

effects of 365mg/day oral magnesium plus various beta adrenergic antagonists versus beta 

adrenergic antagonists alone among hypertensive patients.
42

 All three RCTs had moderate risk of 

bias. Meta-analysis was not possible due to the low event rate across all of the harms outcomes.  

Magnesium plus hydrochlorthiazide versus hydrochlorthiazide alone 

Insufficient evidence was noted across all of the gradable clinical adverse events and organ 

toxicity outcomes for magnesium plus hydrochlorthiazide versus hydrochlorthiazide alone, 

including withdrawal due to adverse events
76

 and renal dysfunction (elevated creatinine 
77

) 

(Table 41). None of the included RCTs examined the gradable outcomes serious adverse events, 

bleeding or hepatotoxicity. One RCT examining hydrochlorthiazide observed 0 events across 

diarrhea, vomiting, nausea, adverse events, hyperkalcemia, and fasting blood glucose harms.
76

 

Furthermore, no statistically significant differences were observed for abnormal ECG (number of 

events not reported).
76

 

Magnesium plus beta adrenergic antagonists versus beta adrenergic 

antagonists alone 

Insufficient evidence was noted for magnesium plus beta adrenergic antagonists versus beta 

adrenergic antagonists alone for the gradable harms serious adverse events,
42

 withdrawal due to 

adverse events,
42

 and renal dysfunction (abnormal serum potassium
42

) (Table 41). None of the 

studies reported the gradable outcomes bleeding or hepatotoxicity. 
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Table 41. Strength of evidence for magnesium plus CVD drugs versus CVD drugs alone 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

Hydrochlor-
thiazide 

      

Withdrawal due to 
adverse events [1 
study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Renal dysfunction 
(creatinine [1 
study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

0 events observed 

Beta-adrenergic 
antagonists 

      

Serious adverse 
events [1 study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Withdrawal due to 
adverse events [1 
study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Renal dysfunction* 
(serum potassium 
[1 study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

No statistically 
significant differences 
observed 

Note: * continuous data only (dichotomous data not available). 

Abbreviation: NA = not applicable. 

 

Niacin (≤ 250 mg) 

Harms were investigated among 20 patients with hyperlipoproteinemia in an open-label, 

randomized crossover trial of niacin 250 mg/day plus propranolol 20 mg/day versus propranolol 

alone for 1 month.
78

 There was insufficient evidence for the gradable outcome withdrawals due 

to adverse events (0/10 intervention group versus 1/10 control group) (Table 42).
78

 This study 

did not report gradable harms, such as serious adverse events, bleeding, renal dysfunction or 

hepatotoxicity. Furthermore, there were no statistically significant differences in nausea plus 

flushing (0/10 intervention group versus 0/10 control group) or hypotension plus asthenia (0/10 

intervention group versus 1/10 control group).  
 

Table 42. Strength of evidence for niacin plus propranolol versus propranolol alone 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

Withdrawal due to 
adverse events 
[n=1 study] 

High NA Direct Imprecise Insufficient Inconclusive 

No statistically 
significant differences; 
0/10 intervention group 
vs. 1/10 control group 

Abbreviation: NA = not applicable. 

 

Omega-3 Fatty Acids/Fish Oils 

Twenty-two studies (21 RCTs, and one retrospective cohort study) examined ω-3 fatty acids 

(or fish oils) plus statins,
35,36,40,53,91-96

 aspirin,
47,52,80,90,90,97

 aspirin and clopidogrel,
100

 aspirin in 
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combination with dipyridamole and calcium channel blockers ,
52

 warfarin,
47,55

 rampril,
79

 or 

fenofibrate,
56

. The included participants ranged from elderly patients with CHD,
83

 to adults with 

diabetes 
88

 or stroke,
49

 to healthy males 
38

 or adults.
35,90,95,96

 The majority of studies were parallel 

RCTs, yet there were 7 crossover RCTs,
35,36,90-92,95,96

 and one retrospective cohort study.
100

 The 

majority were deemed as having moderate risk of bias, although two had low risk of bias 
51,93

 and 

one had high risk of bias.
55

 Meta-analysis was only possible for the statins; for all other 

cardiovascular medications, low event rates across all of the harms outcomes precluded pooling.  

Omega-3 fatty acids/fish oils plus statins versus statins alone  

Ten RCTs examined omega-3 fatty acids (or fish oils) plus statins versus statins 

alone.
35,36,40,53,91-96

 One RCT had low risk of bias,
93

 while the rest were of moderate risk of bias, 

including the 7 RCTs included in the meta-analyses.
35,36,40,91,94-96

 Insufficient evidence was noted 

across all gradable outcomes, including serious adverse events meta-analysis (Figure 20), 

withdrawal due to adverse events meta-analysis (Figure 21), aminotransaminase meta-analysis 

(Figure 22), and alanine transaminase meta-analysis (Figure 23, Table 43). None of the included 

RCTs examined the gradable outcome bleeding. 

Meta-analysis was also possible for total adverse events (n=5 studies; RR 0.94 [95 percent CI 

0.78, 1.12] Figure 24), dyspepsia (n=2 studies, odds ratio [OR] 1.61 [95 percent CI 0.46, 5.55] 

Figure 25), headache (n=2; OR 0.76 [95 percent CI 0.25, 2.30] Figure 26), constipation (n=2; RR 

0.94 [95 percent CI 0.63, 1.39] Figure 27), upper respiratory infection (n=2; RR 1.33 [95 percent 

CI 0.34, 5.21] Figure 28), and CK/CPK (n=3; RR 1.50 [95 percent CI 0.43, 5.25] Figure 29); no 

statistically significant effects were observed. Results were consistently not statistically 

significant despite differences in low 
35,95,96

 versus moderate 
36,40,91,94

 CHD risk, and healthy 

patients 
35,95,96

 versus those with hyperlipidemia or dyslipidemia 
36,40,91,94

. We were unable to 

discern any effects of sex, ethnicity or age on the results, as these were not examined in the 

RCTs for which meta-analysis was deemed appropriate.  

RCTs also reported many other harms outcomes, such as diarrhea (3/122 intervention versus 

3/132 control),
40

 flatulence (5/50 intervention versus 5/50 control),
35

 generalized edema (0/40 

intervention versus 2/40 control),
36

 hyperglycemia (2/40 intervention versus 1/40 control),
36

 

hypoglycemia (1/40 intervention versus 1/40 control),
36

 infection (4/122 intervention versus 

1/132 control),
40

 myalgia (1/40 intervention versus 1/40 control),
36

 and sinusitis (0/40 

intervention versus 2/40 control);
36

 no statistically significant differences were observed. The 

RCTs also examined harms outcomes as continuous variables, such as leukopenia,
92

 anemia,
92

 

red blood cell count,
92

 hematocrit,
92

 glycosylated hemoglobin,
94

 and fasting blood 

glucose;
36,40,44,53,93,94,98

 and only one RCT found a statistically significant elevated fasting blood 

glucose in the omega-3 fatty acids plus statins versus statins alone group.
40
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Figure 20. Forest plot of serious adverse events with statins, with or without omega-3 fatty acids 

 

Figure 21. Forest plot of withdrawal due to adverse events with statins, with or without omega-3 
fatty acids 
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Figure 22. Forest plot of aminotransaminase with statins, with or without omega-3 fatty acids 

 
 

Figure 23. Forest plot of alanine transaminase with statins, with or without omega-3 fatty acids 
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Figure 24. Forest plot of total adverse events with statins, with or without omega-3 fatty acids 

 

 

Figure 25. Forest plot of dyspepsia with statins, with or without omega-3 fatty acids 
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Figure 26. Forest plot of headache with statins, with or without omega-3 fatty acids 

 
Figure 27. Forest plot of constipation with statins, with or without omega-3 fatty acids 

 
 



 

103 

 

Figure 28. Forest plot of upper respiratory infection with statins, with or without omega-3 fatty 
acids 

 
Figure 29. Forest plot of CK/CPK with statins, with or without omega-3 fatty acids 
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Omega-3 fatty acids/fish oils plus plus aspirin versus aspirin alone 

Six RCTs examined omega-3 fatty acids (or fish oils) plus aspirin versus aspirin 

alone.
47,52,80,90,90,97

 Two of these RCTs were conducted among males only.
52,97

 Insufficient 

evidence was noted for all gradable outcomes, including withdrawal due to adverse events
80

 and 

bleeding
47,90

(Table 43). Bleeding in one study was defined as those episodes leading to deviation 

from the protocol.
47

 The second study reported bleeding episodes of any type.
90

. None of the 

included RCTs examined the gradable outcomes serious adverse events, renal dysfunction or 

hepatotoxicity. No significant differences were observed across all harms, including constipation 

(1/12 intervention group versus 0/12 control group),
90

 diarrhea (0/12 intervention group versus 

1/12 control group),
90

 fishy taste (4/12 intervention group versus 0/12 control group),
90

 

gastrointestinal adverse events (7/143 intervention group versus 12/148 control group),
47

 

flatulence (0/12 intervention group versus 1/12 control group),
90

 headache (1/12 intervention 

group versus 1/12 control group),
90

 and nausea (3/12 intervention group versus 3/12 control 

group).
90

 One RCT reported leukopenia as a continuous outcome, with no statistically significant 

differences observed.
90

 
 

Table 43.Strength of evidence for omega-3 fatty acids plus aspirin versus aspirin alone 

 Strength of Evidence Conclusions 

Harms 
Risk of 
Bias 

Consistency Directness Precision 
Additional 
Domain(s) 

Strength 
of 
Evidence 

 

 
Low, 
Moderate, 
or High 

Consistent, 
Inconsistent, 
or Not 
Applicable 

Direct, 
Indirect 
Surrogate, or 
Indirect 
Comparisons 

Precise, 
or 
Imprecise 

 

High, 
Moderate, 
Low, or 
Insufficient 

 

Withdrawal 
due to 
adverse 
events [n=1 
study] 

Moderate NA Direct Imprecise NA Insufficient 
0 events 
observed 

Bleeding [n=2 
studies] 

High NA Direct Imprecise NA Insufficient 

No significant 
differences: 
Study 1: 0 
events 
observed 
Study 2: 
3/143 
intervention 
group vs. 
2/148 control 
group 

Abbreviation: NA = not applicable. 
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Omega-3 fatty acids/fish oils plus aspirin and clopidogrel versus aspirin and 

clopidogrel alone 

One retrospective cohort study examined the effect of fish oils in combination with aspirin 

and clopidogrel in 182 elderly subjects with coronary artery disease.
100

 An age and gender 

matched control group of subjects taking aspirin and clopidogrel alone was selected. Major and 

minor bleeding episodes were noted after a follow-up of 33 months. Major bleeding was defined 

as a decrease in haemoglobin of > 2 g, intracerebral hemorrhage, or any bleeding episode that 

required hospitalization. Minor bleeding was defined as epistaxis, abnormal bruising, and 

gastrointestinal bleeding that did not require hospitalization or lead to a decrease in haemoglobin 

> 2 g. No significant differences were found between intervention and control groups. Strength 

of evidence for bleeding was insufficient (Table 44). 
 
Table 44. Strength of evidence for fish oils plus aspirin and clopidogrel versus aspirin and 
clopidogrel alone 

 Strength of Evidence Conclusions 

Harms Risk of 
Bias 

Consistency Directness Precision Additional 
Domain(s)  

Strength 
of 
Evidence  

 

 Low, 
Moderate, 
or High 

Consistent, 
Inconsistent, 
or Not 
Applicable  

Direct, 
Indirect 
Surrogate, or 
Indirect 
Comparisons  

Precise, 
or 
Imprecise  

 High, 
Moderate, 
Low, or 
Insufficient  

 

Bleeding [n=1 
studies] 

Moderate NA Direct Imprecise NA Insufficient No significant 
differences:  
Major 
Bleeding: 
1/182 
intervention 
vs. 0/182 
control group 
Minor 
Bleeding: 
4/182 
intervention 
vs. 7/182 
control group  

 

Omega-3 fatty acids/fish oils plus aspirin, dipyridamole, and calcium channel 

blockers versus aspirin, dipyridamole, and calcium channel blockers 

One RCT also examined the effects of omega-3 fatty acids/fish oils plus aspirin, 

dipyridamole, and calcium channel blockers versus aspirin, dipyridamole, and calcium channel 

blockers alone.
52

 Another RCT with a low risk of bias examined omega-3 fatty acids plus aspirin 

and calcium channel blockers versus aspirin and calcium channel blockers alone. Insufficient 

evidence was noted for the gradable outcomes bleeding (described as bleeding 

complications)
51,52

 and withdrawal due to adverse events
51

 (Table 45). None of the included 

RCTs examined serious adverse events, renal dysfunction or hepatotoxicity. No statistically 

significant differences were observed regarding gastrointestinal events (7/43 intervention group 

versus 3/39 control group 
52

).  
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Omega-3 fatty acids/fish oils plus warfarin versus warfarin alone 

Two RCTs examined the effects of omega-3 fatty acids (or fish oils) plus warfarin versus 

warfarin alone.
47,55

 Insufficient evidence was noted for the gradable outcomes bleeding 
47,55

 and 

withdrawals due to adverse events
55

 (Table 45). Bleeding in one study was defined as those 

episodes leading to deviation from the protocol.
47

 The other study reported major bleeding 

(defined as bleeding episodes causing death or requiring hospitalization, vitamin K, or blood 

transfusion) and minor bleeding (defined as any bleeding episode that did not qualify as a major 

bleed but that required a change in warfarin dosage or referral).
55

 None of the included studies 

examined the gradable outcomes serious adverse events, renal dysfunction or hepatotoxicity. 

Furthermore, three patients with an unstable international normalized ratio withdrew but it was 

not indicated which groups that they belonged to.
55

 One of the RCTs reported gastrointestinal 

events, which did not differ significantly between groups (9/174 intervention vs. 0/145 

control).
47

  

Omega-3 fatty acids/fish oils plus ramipril and/or Irbesartan versus ramipril 

and/or Irbesartan alone 

One RCT with a moderate risk of bias examined the effects of fish or marine oils 3g/day plus 

ramipril among patients at low risk of CHD.
79

 Insufficient evidence was noted for the gradable 

outcomes withdrawal due to adverse events, bleeding (erythrocyturia grade 3), and renal 

dysfunction (glomerular filtration rate) (Table 45). This RCT did not report the results for other 

gradable harms, such as serious adverse events and hepatotoxicity. Furthermore, zero events was 

observed for hyperkalcaemia. 

Omega-3 fatty acids/fish oils plus fenofibrate versus fenofibrate alone  

One RCT with a moderate risk of bias examined the effects of omega-3 fatty acids 4 g/day 

plus fenofibrate versus corn oil plus fenofibrate among patients with low CHD risk.
56

 Insufficient 

evidence was noted for the gradable harms serious adverse events, withdrawal due to adverse 

events, and renal dysfunction (elevated creatinine) (Table 45). This RCT did not report results 

for the gradable harms bleeding or hepatotoxicity. Furthermore, no statistically significant 

differences were observed for constipation (1/84 intervention group versus 5/83 control group), 

diarrhea (4/84 intervention group versus 5/83 control group), flatulence (1/84 intervention group 

versus 3/83 control group), gastrointestinal adverse events (7/84 intervention group versus 5/83 

control group) and nausea (5/84 intervention group versus 3/83 control group). 
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Table 45. Strength of evidence for cardiovascular drugs with or without omega-3 fatty acids/fish 
oil 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

Statins       

Serious adverse 
events [meta-
analysis including 3 
studies] 

Moderate Consistent Direct Imprecise Insufficient Inconclusive 

No statistically 
significant differences; 
0/10 intervention group 
vs. 1/10 control group 

Withdrawal due to 
adverse events 
[meta-analysis 
including 7 studies] 

Moderate Inconsistent Direct Imprecise Insufficient Inconclusive 

No significant 
differences; RR 3.6 
(95% CI 0.8, 17.2) 

Renal dysfunction* 
(creatinine [1 study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

No statistically 
significant differences; 
OR 1.2 (95% CI 0.6, 
2.4) 

Hepatotoxicity: 
aminotransaminase 
[meta-analysis 
including 2 studies]  

Moderate Consistent Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

No significant 
differences 

Hepatotoxicity: 
alanine 
transaminase [meta-
analysis including 4 
studies]  

Moderate Inconsistent Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

No statistically 
significant differences; 
RR 0.61 (95% CI 0.30, 
1.27) 

Aspirin + 
dipridamole + 
calcium channel 
blockers  

      

Bleeding [1 study] Moderate NA Direct Imprecise Insufficient Inconclusive 

No significant 
differences: 3/43 
intervention group vs. 
1/39 control group 

Aspirin+ calcium 
channel blockers  

      

Withdrawal due to 
adverse events [1 
study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Bleeding [1 study] Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Warfarin       

Withdrawal due to 
adverse events 
[1study] 

High NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Bleeding [2 studies] Moderate NA Direct Imprecise Insufficient Inconclusive 

No significant 
differences:  
Study 1: 0 events 
observed 
Study 2: 2/174 
intervention group vs. 
2/145 control group 
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Ramipril and/or 
irbesartan 

      

Withdrawal due to 
adverse events [1 
study] 

Moderate NA Direct Imprecise Insufficient 0 events observed 

Bleeding [1 
study](Grade 3 
erythrocyturia) 

Moderate NA Direct Imprecise Insufficient Inconclusive 

No significant 
differences:  
4/15 intervention group 
vs. 1/15 control group 

Renal dysfunction* 
[glomerular filtration 
rate, 1 study] 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient No statistically 
significant difference 

Fenofibrate       

Serious adverse 
events [1 study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

No significant 
differences; 3/84 
intervention group vs. 
4/83 control group 

Withdrawal due to 
adverse events [1 
study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

No significant 
differences 
4/84 intervention group 
vs. 4/83 control group 

Renal dysfunction 
(creatinine [1 study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

No significant 
differences 
0/84 intervention group 
vs. 1/83 control group 

Note: * continuous data only (dichotomous data not available). 

Abbreviation: NA = not applicable. 

 

Vitamin E  

Ten RCTs examined vitamin E plus aspirin, statins, or furosemide versus these 

cardiovascular medications alone.
38,46,49,82-85,87-89

 The included participants ranged from the 

elderly with CHD,
83

 to those with diabetes,
88

 or stroke,
49

 to healthy females.
38

 The majority of 

studies were parallel RCTs (with two crossover RCTs 
83,87

) of moderate risk of bias. Meta-

analysis was not possible due to the low event rate across all of the harms outcomes.  

Vitamin E plus aspirin versus aspirin alone 

Three RCTs examined vitamin E plus aspirin versus aspirin alone 
38,49,89

 and insufficient 

evidence was noted for the gradable harms bleeding (hemorrhagic events) 
49

 and withdrawals 

due to adverse events
89

 (Table 46). None of the RCTs reported data related to the gradable harms 

serious adverse events, renal dysfunction or hepatotoxicity. Only one RCT examined the 

interaction between vitamin supplements and cardiovascular medication by calculating the S-

index. This RCT found a positive interaction or synergism between vitamin E and aspirin for 

withdrawals due to adverse events (S-index=1.11). Antagonistic interactions were found for and 

headache (S-index=-1.53) and gastrointestinal discomfort (S-index=-0.33).
89

 No statistically 

significant differences were observed in the number of patients experiencing headache (28/121 

intervention group versus 20/122 control group), gastrointestinal discomfort (14/121 intervention 

group versus 10/122 control group) or total adverse events (23/121 intervention group versus 
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24/122 control group).
89

 One RCT examined the occurrence of cancer and no statistically 

significant differences were observed (716/9966 intervention group versus 722/9968 control 

group).
38

  

Vitamin E plus nifedipine versus nifedipine alone 

One crossover RCT examined the effects of vitamin E plus nifedipine versus nifedipine 

alone, and insufficient evidence was noted across all of the gradable harms, including withdrawal 

due to adverse events, renal dysfunction, and hepatotoxicity (zero events were observed
83

) (Table 

46). This RCT did not report on the gradable outcomes serious adverse events or bleeding. 

Furthermore, fasting plasma glucose was examined as a continuous outcome and no statistically 

significant differences were observed.
83

  

Vitamin E plus furosemide versus furosemide alone 

One parallel RCT examined the effects of vitamin E plus furosemide versus furosemide 

alone and did not report the results of any of the gradable outcomes. Fasting blood glucose was 

reported as a continuous outcome; no statistically significant effects were observed.
82

  

Vitamin E plus statins versus statins alone 

Five RCTs examined the effects of vitamin E plus statins versus statins alone; 
46,84,85,87,88

 

insufficient evidence was noted across the gradable harms including organ toxicity outcomes 

(raised alanine transaminase,
46,85

 aspartate aminotransferase,
46

 abnormal alkaline phosphatase,
46

 

elevated creatinine,
46

 abnormal blood urea nitrogen
46

) , and QT intervals (measured as 

continuous varialble).
84

 (Table 46). None of the RCTs reported data on the gradable harms 

serious adverse events, withdrawal due to adverse events or bleeding. Furthermore, glycosylated 

hemoglobin,
88

 leukopenia,
46

 and anemia,
46

 were examined as continuous outcomes and no 

statistically significant differences were observed. 
 

Table 46. Strength of evidence for cardiovascular drugs with or without vitamin E 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

Aspirin       

Withdrawal due to 
adverse events [1 
study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

No significant 
difference; 29/121 
intervention group vs. 
19/122 control group 

Bleeding [1 study] Moderate NA Direct Imprecise Insufficient Inconclusive 

No significant 
difference; 3/52 
intervention group vs. 
3/48 control group 

Nifedipine        

Withdrawal due to 
adverse events [n=1 
study] 

Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Renal dysfunction 
(creatinine [1 study])  

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

0 events observed 
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Hepatotoxicity 
(alanine 
transaminase, 
aspartate 
aminotransferase [1 
study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

0 events observed 

Statins       

Renal dysfunction 
(creatinine, blood 
urea nitrogen* [1 
study])  

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

0 events observed 

Hepatotoxicity  
(alanine 
transaminase [2 
studies], aspartate 
aminotransferase, 
alkaline 
phosphatase [1 
study]) 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive 

0 events observed 

QT interval 
(continuous data) 

Moderate NA Indirect 
Surrogate 

Imprecise  Insufficient Inconclusive 

No significant difference 
observed. 

Note: * continuous data only (dichotomous data not available). 

Abbreviation: NA = not applicable. 

 

Vitamin K 

Two RCTs examined the effects of vitamin K plus phenprocoumon versus phenprocoumon 

alone or vitamin K plus warfarin versus warfarin alone.
39,41

 Both were parallel RCTs of moderate 

risk of bias. 

Vitamin K plus phenprocoumon versus phenprocoumon alone 

One RCT examined the effects of vitamin K 100 µg/day plus phenprocoumon versus 

phenprocoumon alone among patients on long-term oral anticoagulant therapy.
39

 Insufficient 

evidence was observed for the gradable outcome bleeding (Table 47) but none of the other 

gradable outcomes were reported. Bleeding was reported as major and minor episodes, where a 

major episode pertained to fatal or intracranial hemorrhage, requirement of transfusion, 

hospitalization, or surgery, or muscle and joint bleeding.  

Vitamin K plu warfarin versus warfarin alone  

Another RCT examined the effects of vitamin K 150 µg/day plus warfarin versus warfarin 

alone among the same population.
41

 Insufficient evidence was observed for the gradable harms 

of bleeding episodes (no further description provided) and withdrawals due to adverse events 

(Table 47). This RCT did not report the gradable harms serious adverse events, renal dysfunction 

or hepatotoxicity.  
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Table 47. Strength of evidence for anticoagulants with or without vitamin K  

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

Phenprocoumon       

Bleeding [1 study] Moderate NA Direct Imprecise Insufficient Inconclusive 

No statistically 
significant differences 
for minor bleeding; 
Minor bleeding: 7/94 
intervention group vs. 
10/95 control group 
Major bleeding: 2/94 
intervention group 
vs.0/95 control group 

Warfarin        

Withdrawal due to 
adverse events [n=1 
study] 

Moderate NA Direct Imprecise Insufficient 
 

Inconclusive 

No statistically 
significant differences; 
0/35 intervention group 
vs. 2/33 control group 

Bleeding [1 study] Moderate NA Direct Imprecise Insufficient Inconclusive 

0 events observed 

Abbreviation: NA = not applicable. 
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Summary of Results for Key Question 3 

 Fifty-seven randomized controlled trials and one retrospective cohort study contributed 

evidence to Key Question 3, examining harms outcomes. 

 Overall, the studies were generally of moderate risk of bias across all harms, which 

ranged from minor (e.g., flatulence) to severe (e.g., leukopenia, hemorrhaging). 

 Only one RCT examined the interaction between vitamin supplements and cardiovascular 

medication; there was a positive interaction or synergism between vitamin E and aspirin for 

withdrawals due to adverse events and headache but an antagonism interaction was observed for 

gastrointestinal discomfort.
89

 

 Meta-analysis was not possible due to the low event rate across all of the harms outcomes 

for all supplements examined except for omega-3 fatty acids.  

 A majority of the studies reported 0 events or no statistically significant differences 

across all harms and all supplements, including echinacea (n=1 study), garlic (n=4 studies), 

gingko biloba (n=7 studies), ginseng (n=2 studies), hawthorne (n=1 study), oral magnesium (n=3 

studies), niacin (n=1 study), omega-3 fatty acids (n=22 studies), vitamin E (n=10 studies), 

vitamin K (n=3 studies). 

 Five RCTs examined the effects of coenzyme Q10 plus statins, fenofibrate or ACE-

inhibitors versus these medications alone. One uncontrolled RCT reported a greater proportion of 

patients experiencing decreased myalgia in the group administered coenzyme Q10 plus statins 

compared with the group administered statins alone (relative risk [RR] 4.18 [95 percent 

confidence interval (CI) 1.50, 11.46]), as well as lower pain severity (mean difference [MD] -

1.76 [95 percent CI -2.93, -0.58]), and decreased pain interference (MD -1.43 [95 percent CI -

2.76, -0.10]).
62

 However, another RCT did not observe a statistically significant difference in 

myalgia between patients receiving coenzyme Q10 plus statins versus patients receiving statins 

alone.
37

 

 For all gradable outcomes for which evidence was found, the strength of evidence was 

graded insufficient because type II error could not be excluded because of low power of studies 

for harms outcomes. 

 Insufficient evidence was noted across the serious adverse events meta-analysis, 

withdrawal due to adverse events meta-analysis, aminotransaminase meta-analysis, and alanine 

transaminase meta-analysis for omega-3 fatty acids plus statins versus statins alone. Meta-

analysis was also possible for total adverse events (n=5 studies, RR 0.94, 95% CI: 0.78-1.12), 

dyspepsia (n=2 studies, odds ratio [OR] 1.61, 95% CI: 0.46-5.55), headache (n=2 studies, OR 

0.76, 95% CI: 0.25-2.30), constipation (n=2 studies, RR 0.94, 95% CI: 0.63-1.39), upper 

respiratory infection (n=2 studies, RR 1.33, 95% CI: 0.34-5.21), and creatine kinase (n=3 

studies, RR 1.50, 95% CI: 0.43-5.25); no statistically significant effects were observed. We were 

unable to discern the effects of sex, ethnicity or age on the results, as these were not examined in 

the RCTs for which meta-analysis was deemed appropriate. 

 None of the other omega-3 fatty acids RCTs found statistically significant results across 

all harms, except for one RCT that found a statistically significant elevated fasting blood glucose 

level in the omega-3 fatty acids plus statins versus statins alone group,
40

 yet 6 other RCTs did not 

observe a statistically significant difference for omega-3 fatty acids plus statins versus statins 

alone.
36,44,53,93,94,98
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Key Question 4 

In adults taking cardiovascular drugs, what are the effects of concomitant 
use of specific dietary supplements (when compared to cardiovascular 
drugs alone or cardiovascular drugs and a different dietary supplement[s]) 
on pharmacokinetic outcomes (e.g., half-life [t1/2], area under the 
concentration curve [AUC]) of cardiovascular drugs of interest? 

Do the effect estimates of pharmacokinetic outcomes vary by age, 
ethnicity, gender, or health status? 

Is there a measurable interaction between cardiovascular drugs and dietary 
supplements for pharmacokinetic outcomes? 

Overview 

A total of 14 unique studies were screened in. 
35,63,65,67,71,73-75,95,96,99,132,133,135

 Three studies 

were removed from evidence synthesis because the dose of the dietary supplement was not 

reported,
133

 a cardiovascular drug was used that is not marketed in the United States,
132

 and 

finally a poorer study design sequential, single group before-after Ginkgo Biloba and ticlopidine 

interaction study did not add to the available randomized controlled trial (RCT) evidence.
135

 

Thus, a total of 11 studies contributed evidence on exposure and pharmacokinetic outcomes 

(Table 48). Generally, these studies were open-label, crossover, RCTs, of moderate risk of bias 

for outcomes of interest, and included between 8 and 50 healthy volunteers (Table 48). 

Six studies investigated cardiovascular drug kinetics following a single dose.
63,65,67,71,74,99

 In 

keeping with the United States Food and Drug Adminstration guidance,
30

 seven studies reported 

pharmacokinetic outcomes potentially indicating cardiovascular drug interactions such as the 

area under the concentration curve (AUC) and maximum concentration (Cmax)as geometric mean 

ratios (dietary supplement plus cardiovascular drug: drug alone) with corresponding 90 percent 

confidence intervals.
35,63,65,67,71,74,95

 Others reported data as post-treatment means or median 

changes from baseline. Carryover effects in these crossover trials was not a major concern 

because all study designs incorporated adequate washout periods, that were well over five times 

the half-lives of the drugs and supplements under investigation. Detailed study characteristics 

and data are tabulated in Appendix C. Statistical analyses were undertaken to compare the 

combination of dietary supplement plus cardiovascular drug with the cardiovascular drug alone. 

No evidence addressing Key Question 4 subquestions (a) or (b) was identified. No data were 

available on bioavailability and volume of distribution. 
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Table 48. Overview of included studies addressing Key Question 4 

Dietary 
supplement 

N of 
studies 
included 
for KQ 4 

Cardiovascular 
drug(s) 

Study 
design(s)  

Participants Study region Race/Ethnicity Overall risk of 
bias for 
pharmacokinetic 
outcomes 

Industry funding 
or potential for 
conflict of 
interest 

Coenzyme 
Q10 

0 - - - - - - - 

Echinacea 1
63

 Warfarin Crossover 
RCT 

Healthy non-
smoking 
males 

Australia/New 
Zealand 

Mixed – 
Caucasians and 
Asians/South 
Asians 

Moderate Yes 

Garlic 1
65

 Warfarin Crossover 
RCT 

Healthy non-
smoking 
males 

Australia/New 
Zealand 

Mixed – 
Caucasians and 
Asians 

Moderate No 

Ginger 1
67

 Warfarin Crossover 
RCT 

Healthy non-
smoking 
males 

Australia/New 
Zealand 

Mixed – 
Caucasians and 
Asians 

Moderate No 

Ginkgo biloba 3
67,71,99

 Ticlopidine, 
digoxin, and 
warfarin  

Crossover 
RCT 

Healthy 
adults 

East Asia, North 
America and 
Australia/New 
Zealand 

Asians, NR, and 
Mixed – 
Caucasians and 
Asians 

Moderate Yes
71

 
Unclear

99
 

No
67

 

Ginseng 2
73,74

 Warfarin 1 crossover 
1 parallel 
RCT 

Healthy 
adults 

Australia/New 
Zealand and 
North America 

Mixed – 
Caucasians 
Asians and 
Hispanics 

Moderate  No 

Hawthorne 1
75

 Digoxin Crossover 
RCT 

Healthy non-
smoking 
adults 

North America  NR Moderate Unclear 

Magnesium 
(oral) 

0 - - - - - - - 

Niacin (≤ 250 
mg/d) 

0 - - - - - - - 

omega-3 fatty 
acids fatty 
acids/Fish 
oils 

3
35,95,96

 Rosuvastatin, 
atorvastatin, and 
simvastatin  

Crossover 
RCT 

Healthy 
adults 

North America Mostly 
Caucasians, or 
mostly Hispanics  

Moderate Yes 

Red yeast 
rice extract 

0 - - - - - - - 

Resveratrol 0 - - - - - - - 

Vitamin A  - - - - - - - 

Vitamin D 
with Calcium 

0 - - - - - - - 

Vitamin D 0 - - - - - - - 
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Dietary 
supplement 

N of 
studies 
included 
for KQ 4 

Cardiovascular 
drug(s) 

Study 
design(s)  

Participants Study region Race/Ethnicity Overall risk of 
bias for 
pharmacokinetic 
outcomes 

Industry funding 
or potential for 
conflict of 
interest 

without 
Calcium  

Vitamin E 0 - - - - - - - 

Vitamin K 0 - - - - - - - 

Abbreviations: NR = not reported; RCT = randomized controlled trial.
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Table 49. Risk of bias of studies 

All RCTs (N=11) 
 

  

Items Yes No Unclear 

Adequate generation of allocation sequence  18% 0% 82% 

Allocation concealment  0% 0% 100% 

Comparability of groups 91% 0% 9% 

Purity of supplement 82% 18% 0% 

Blinding of allocated intervention 100% 0% 0% 

Adequately addressed missing data 55% 9% 36% 

Freedom from potential for conflict of interest 36% 45% 18% 

Crossover RCTs (N=10) 
   

Suitability of crossover design for the study 
condition  

100% 0% 0% 

Free of carryover effect  100% 0% 0% 

Appropriateness of statistical analysis for 
crossover design  

20% 10% 70% 

Comparability of groups between periods 1 and 2 0% 0% 100% 

Freedom from bias introduced by dropouts  60% 10% 20% 

Abbreviations: RCTs = randomized controlled trials. 

Echinacea 

A randomized open-label crossover trial investigated exposure and pharmacokinetic 

interactions between a mixture of 600 mg of Echinacea angustifolia root plus 675 mg of E. 

purpurea root given four times a day for a period of two weeks, with a single dose of 25 mg 

warfarin versus warfarin alone.
63

 Both S- and R-warfarin enantiomer specific pharmacokinetic 

parameters were reported, including AUC∞, Cmax , half-life, clearance and volume of distribution 

in 12 healthy males of known CYP2C9 and VKORC1 genotype. The 90 percent CIs for the 

geometric means of all parameters were all within the bioequivalence range of 80 percent to 125 

percent. Although not considered to be clinically significant, a statistically significant decrease in 

S-warfarin AUC∞, and increases in drug clearance and apparent volume of distribution were 

noted with coadministration of the supplement (GMRs [90 percent CIs]: 0.92 [0.85, 0.99]; 1.09 

[1.01, 1.18]; and 1.09 [1.03, 1.18] respectively).
63

 Strength of evidence is summarized in Table 

50. 
 
Table 50. Strength of evidence for warfarin with or without Echinacea 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

AUC∞, Cmax , half-
life, and clearance 
for S- and R-
warfarin 

Moderate NA Indirect 
surrogate 

Precise Low No clinically significant 
interactions 

Abbreviations: AUC∞ = area under the concentration curve extrapolated to infinity; Cmax= maximum concentration; NA = not 

applicable.  
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Garlic 

An open-label, randomized, crossover trial of 7.4 mg per day of allicin pre-treatment for two 

weeks plus a single dose of 25 mg warfarin versus a single dose of warfarin alone was conducted 

in 16 healthy males.
65

 Four participants were lost to followup or withdrew, so only 12 

participants completed the study. GMRs of S- and R-warfarin AUC∞, Cmax , half-life and 

clearance for S- and R-warfarin were not statistically different; however, the 90% CIs went 

beyond the 0.8 to 1.25 clinical bioequivalence boundaries for Cmax of both S- and R-warfarin 

(GMR [90 percent CI] S-warfarin 1.06 [0.77, 1.47]; R-warfarin 1.02 [0.8, 1.4]).
65

 Strength of 

evidence is summarized in Table 51. 
 

Table 51. Strength of evidence for warfarin with or without garlic 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

AUC∞, half-life, 
and clearance for 
S- and R-warfarin 

Moderate NA Indirect 
surrogate 

Precise Low No clinically significant 
interactions 

Cmax S- and R-
warfarin 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Clinically significant 
interactions could not 
be ruled out in either 
direction 

Abbreviations: AUC∞ = area under the concentration curve extrapolated to infinity; Cmax= maximum concentration; NA = not 

applicable.  

 

Ginkgo biloba 

Three studies examined pharmacokinetic interaction of Ginkgo biloba and specific 

cardiovascular drugs.
67,71,99

 All three studies were randomized crossover trials in healthy adults. 

In a study of young healthy Korean males, single doses of ticlopidine (250 mg) were 

coadminstered with G. biloba (80 mg), or ticlopidine were administered alone. 
71

 GMRs of 

AUC∞ and Cmax of ticlopidine were not statistically different from unity, and were clinically 

nonsignificant (Appendix C). Ticlopidine mean half-life and median tmax were not significantly 

affected by coadministration with G. biloba.
71

  

In eight healthy adults, digoxin mean AUC∞, Cmax, clearance, elimination rate constant, tmax 

and half-life showed statistically nonsignificant changes between 7 day treatment with 240 

mg/day of G. biloba plus a single dose of 0.5 mg of oral digoxin on the last day, and a single 

dose of 0.5 mg digoxin alone.
99

 GMRs were not reported, nor could we calculate them in the 

absence of individual patient data; therefore, we could not rule out clinical interaction based on 

the predefined GMR margins of bioequivalence.
99

 

In 12 healthy male participants, no statistically or clinically significant differences were 

noted in geometric mean ratios of AUC∞, Cmax, half-life, clearance and volume of distribution 

of warfarin when administered as a 25 mg single dose with 7 day pre-treatment with Ginkgo 

biloba (12 g/day) or alone. 
67

 However, there was significant reduction in tmax of both S- and R-

warfarin enantiomers (GMR [90 percent CI]: 0.68 [0.63, 0.73]; 0.72 [0.67, 0.77], respectively). 

Based on the available data by group, we estimated that this decrease amounted to approximately 

33 percent and 23 percent decreases in tmax arithmetic means for S- and R-warfarin enantiomers 

respectively. 
67
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Strength of evidence is summarized in Table 52. 

 
Table 52. Strength of evidence for ticlopidine with or without G. biloba 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

Ticlopidine       

AUC∞, Half-life 
and Cmax  

Moderate NA Indirect 
surrogate 

Precise Low No clinically significant 
interactions 

Clearance  - - - - Insufficient Data not reported 

Digoxin       

AUC∞, Cmax, half-
life, and clearance 

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive results 
because type II error 
could not be excluded 

Warfarin       

AUC∞, Cmax , half-
life, and clearance 
for S- and R-
warfarin 

Moderate NA Indirect 
surrogate 

Precise Low No clinically significant 
interactions 

Abbreviations: AUC∞ = area under the concentration curve extrapolated to infinity; Cmax= maximum concentration; NA = not 

applicable.  

 

Ginseng 

Interactions between American ginseng (Panax quinquefolius, 2 g/day from weeks 2 to 4)and 

warfarin (5 mg/day for 3 consecutive days of weeks 1 and 4) given over 4 weeks were 

investigated in a parallel randomized double blind placebo controlled trial in 20 healthy 

volunteers.
73

 Compared with controls administered warfarin alone, a statistically significant 

reduction in the warfarin AUC was noted when ginseng was coadministered (between group 

difference in median change from week 4 to week 1 -0.64µg/mL per day [95 percent CI, -1.25, -

0.13]).
73

 The clinical significance of this finding is unclear because analysis was not based on 

geometric mean ratios. 

A second open-label randomized crossover trial in 12 healthy males of a single dose of 25 

mg warfarin coadminstered with a 7 day pretreatment with Korean ginseng (2 capsules 3 times a 

day, each capsule containing 0.5 g Panax ginseng root and 8.93 mg ginsenosides) or alone, 

found clinically interpretable results.
74

, The geometric mean ratios of S- and R-warfarin AUC∞, 

Cmax, half-life, clearance and volume of distribution were neither statistically nor clinically 

different, indicating no interaction. The GMR for tmax of both S- and R-warfarins showed 

statistically nonsignificant results, but the lower and upper bounds of the 90 percent CI crossed 

the predefined bioequivalence boundaries (S- and R-warfarin tmax GMR [90 percent CI]: 1.20 

[0.77, 1.62]; 1.11 [0.78, 1.44], respectively).
74

 

Strength of evidence is summarized in Table 53. 
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Table 53. Strength of evidence for warfarin with or without ginseng 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

Cmax , half-life, 
and clearance for 
S- and R-warfarin 

Moderate  Not applicable Indirect 
surrogate 

Precise Low No clinically significant 
interactions 

AUC∞ Moderate  Inconsistent Indirect 
surrogate 

Imprecise Insufficient The evidence of 
ginseng and warfarin 
interaction is unclear 
because with American 
ginseng, statistically 
significant reduction in 
AUC of warfarin was 
noted, but clinical 
significance is unclear. 
Korean ginseng 
demonstrated no 
clinically significant 
interactions  

 

Hawthorne 

Pharmacokinetic interactions between hawthorne (Craetagus oxycantha) and digoxin were 

investigated in eight healthy male volunteers in an open-label, randomized crossover trial of 

digoxin 0.25 mg/day for a 10 day period plus 900 mg/day of extract of hawthorne leaves with 

flowers standardized to 84.3 mg of oligomeric procyanidins for a 21 day period, versus digoxin 

alone for ten days.
75

 Using a paired analysis, the differences in means of AUC∞, Cmax , tmax, 

half-life, and clearance did not reach statistical significance.  

Strength of evidence is summarized in Table 54. 

 
Table 54. Strength of evidence for digoxin with or without hawthorne 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

Digoxin AUC∞, 
Cmax , half-life, 
and clearance  

Moderate NA Indirect 
surrogate 

Imprecise Insufficient Inconclusive  

type II error could not 
be excluded 

Abbreviations: AUCss = steady state area under the concentration curve;NA = not applicable.  

 

Omega-3 Fatty Acids/Fish Oil 

Three open-label randomized crossover studies in 24 to 50 healthy adult volunteers 

investigated interactions between ω-3 fatty acids and various statins.
35,95,96

 Each study compared 

statin (rosuvastatin 40 mg/day, atorvastatin 80mg/day, or simvastatin 80 mg/day) coadministered 

with 4 g/day of ω-3 fatty acids, with statin alone over a 14 day period. Due to the differences in 

first pass metabolism between various statins,
155

 we did not conduct meta-analysis of outcomes 

data. No statistically or clinically significant differences were noted for steady state AUC and 

Cmax GMRs for rosuvastatin, atorvastatin, 2- hydroxyatorvastatin, and 4-hydroxyatorvastatin. No 

statistically significant changes were observed in steady state β-hydroxysimvastatin arithmetic 

means of AUC, Cmax, tmax, clearance and half-life.
35,95,96
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Strength of evidence is summarized in Table 55. 
 

Table 55. Strength of evidence for statins with or without omega-3 fatty acids 

Cardiovascular 
drugs(s) / Harm 

Risk of 
bias 

Consistency Directness Precision Grade Conclusion  
Treatment effect 

Rosuvastatin, 
atorvastatin, 2- 
hydroxyatorvastatin 
and 4-
hydroxyatorvastatin 
AUCss, Cmax  

Moderate  Not applicable Indirect 
surrogate 

Precise Low No clinically significant 
interactions 

Half-life, and 
clearance of 
rosuvastatin, 
atorvastatin, 2- 
hydroxyatorvastatin 
and 4-
hydroxyatorvastatin 
 
Beta-hydroxy-
simvastatin AUCss, 
Cmax , half-life, 
and clearance  

Moderate  Not applicable Indirect 
surrogate 

Imprecise Insufficient Inconclusive results 
because type II error 
could not be excluded 

Abbreviations: AUCss = steady state area under the concentration curve; Cmax= maximum concentration; NA = not applicable.  

 

Applicability. Evidence of interaction affecting pharmacokinetic outcomes may not translate 

into altered clinical effectiveness or harms. Evidence originating in healthy young adults is not 

representative of older patients taking cardiovascular drugs. Metabolism of cardiovascular drugs 

may differ between the populations studied in these trials and CVD patients.  
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Summary of Results for Key Question 4 

 Eleven randomized controlled trials contributed evidence on pharmacokinetic outcomes. 

 No data was available from observational studies. 

 All trials were conducted in small numbers of healthy participants. 

 Interactions between a dietary supplement and cardiovascular drugs were investigated by 

comparing pharmacokinetics of the cardiovascular drug when coadministered with a supplement 

versus the drug alone. Clinical significance of interaction was evaluated using the United States 

Food and Drug Administration (FDA) guidance. According to the guidance, statistically 

significant interactions alone could not determine clinical significance of interactions unless the 

90 percent confidence intervals of the geometric mean ratios fell well within the default no effect 

boundary of 0.80 to 1.25.  

 No studies were found examining pharmacokinetic interactions between coenzyme Q10, 

magnesium, niacin (less than or equal to 250 mg/day), red yeast rice extract, resveratrol, vitamin 

A, vitamin D with or without calcium supplementation, vitamin E, vitamin K and a 

cardiovascular drug.  

 A paucity of studies of supplement-drug combinations for which data was available 

precluded exploration of heterogeneity in terms of pre-identified subgroups such as age and 

gender. Statistical interaction was not investigated in any pharmacokinetic study.  

 No clinically significant interactions were noted when Echinacea, ginger, ginkgo biloba 

were coadministered with warfarin and when Ginkgo biloba was coadministered with 

ticlopidine. The strength of evidence for these finding was graded as low because of single 

pharmacokinetic studies with moderate risk of bias. Available evidence was insufficient 

precluding meaningful conclusions about interactions between garlic and warfarin, ginkgo biloba 

and digoxin, omega-3 fatty acids and simvastatin and hawthorne and digoxin. Interactions 

between ginseng and warfarin, and ω-3 fatty acids and rosuvastatin or atorvastatin are unclear 

because for some of the pharmacokinetic outcomes there was low strength of evidence 

suggesting no clinically relevant interactions but insufficient for others. 

 Evidence of pharmacokinetic interactions may not translate into altered clinical 

effectiveness or harms.  

 Evidence originating in healthy young adults may not be applicable to older CVD 

patients taking cardiovascular drugs due to possible differences in metabolism.
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Discussion 

Key Findings and Strength of evidence 

Billions of dollars are spent annually in the United States on complementary and alternative 

medicine (CAM) and a large portion of this expenditure is spent directly on dietary supplements 

(DS).
8
 Given the high prevalence of cardiovascular disease and frequency of polypharmacy in 

this population, the risk of drug-supplement interactions deserves serious consideration primarily 

to avoid potential harm; either as a result of decreasing clinical effect of drugs, or increased 

toxicity. A more thorough understanding and knowledge of potential drug-supplement 

interactions is important to provide specific evidence-based recommendations that do not call for 

universal avoidance of all dietary supplements in conjunction with pharmaceutical treatments to 

treat or to prevent cardiovascular disease. Without such precision, recommendations may result 

in the avoidance of potentially beneficial supplements or more importantly might be more 

readily ignored, leading to greater likelihood for harm through negative interaction.  

This systematic review identifies a considerable knowledge gap regarding the safety of 

combining DSs with cardiovascular drugs in patients with cardiovascular disease. We sought to 

identify the direct and indirect evidence for cardiovascular drug-DS interactions and their 

outcomes, and found 168 records that addressed at least some aspects of this issue. After 

identifying companion papers and articles with useful data 69 unique studies contributed 

evidence for synthesis. With few exceptions there is insufficient evidence to draw any strong 

conclusions on particular interactions between dietary supplements and cardiovascular drugs. In 

addition to an overall lack of evidence, the studies that were included were often grossly 

underpowered to adequately assess clinically relevant outcomes. In addition, many of the studies 

had important methodological limitations or were poorly generalizable to the population of 

relevance. The strength of the evidence found was frequently compromised by poor allocation 

concealment and issues related to blinding, study reporting, and potential for conflict of interest. 

In order to comment on clinically important sequelae of drug-supplement interactions we 

identified gradable outcomes of clinical significance based on consultation with key informants 

and clinical experts (the Technical Expert Panel). These outcomes included mortality, 

myocardial ischemic events, cerebrovascular events, quality of life, hospitalization, arrhythmia 

and peripheral vascular disease. Twenty-two randomized controlled trials reported direct 

evidence of drug-supplement interactions on predetermined gradable clinical outcomes. As noted 

however, most of the trials were grossly underpowered to demonstrate any real effect, and often 

were of moderate risk of bias, leading to insufficient grades for strength of evidence. The only 

exception to the lack of a signal for clinical outcomes came from studies that evaluated two non-

gradable outcomes. In one randomized controlled trial (RCT) post-angiography restenosis rates 

were improved through consumption of 3.2 grams of eicosapentanoic acid taken along with 

aspirin, dipyridamole, and calcium channel antagonists for a duration of six months.
52

 This 

finding was not supported by a similar but lower quality trial in India.
51

 The second non-gradable 

clinical outcome of note came from a large long-term pragmatic trial in which 19,934 women 

were randomized to 600 IU of vitamin E plus 100 mg/day of aspirin versus aspirin taken alone 

for 10 years. In this trial, no significant differences occurred between either group in the 

composite outcome consisting of nonfatal myocardial infarction, nonfatal stroke, and vascular 

death (RR 0.95 [95 percent confidence interval (CI) 0.79, 1.13]).
38
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Anticipating a paucity of evidence describing the influence of cardiovascular drug-DS 

interaction on meaningful clinical outcomes, indirect evidence was also sought. Gradable 

intermediate outcomes (with strong epidemiological links to meaningful clinical outcomes) 

relevant to cardiovascular patients included blood pressure, lipid profile, International 

Normalized Ratio (INR), metabolic syndrome, change in 10-year Framingham risk profile, and 

QT prolongation. Fifty-nine studies were identified that addressed intermediate cardiovascular 

outcomes. Again, these were mostly underpowered studies of highly selected individuals, with 

considerable risk of study bias attributed to inadequate blinding, and allocation concealment. As 

a result, the most frequently graded strength of the evidence was “insufficient,” with a few 

outcomes graded as “low.“  

The inclusion of coenzyme Q10 with statin drugs seems to have no significant effect on any 

parameter of lipid profile predetermined to be a gradable outcome (high- or low-density 

lipoprotein-cholesterol (HDL-C or LDL-C), triglycerides, and non-HDL-C). Only one study 

explored the effect of coenzyme Q10 with fenofibrate on cholesterol levels and hypertension.
60

 

Although the trial failed to demonstrate any interaction, the RCT was underpowered to find any 

significant results. A similar situation applies to a small sized RCT comparing the inclusion of 

coenzyme Q10 with an angiotensin-converting enzyme (ACE) inhibitor on ejection fraction 

among patients with heart failure.
54

 One RCT of 60 patients with coronary artery disease (CAD) 

suggests that the combination of 4 grams of garlic oil taken with nitrates has a positive effect on 

HDL-C levels compared with nitrates taken alone.
58

 This result likely does not reflect an 

interaction between the two agents so much as an isolated effect of garlic since nitrates are not 

known to affect HDL-C.  

In this review we found some of the richest evidence on the combination of omega-3 fatty 

acids with cardiovascular drugs. Out of a total of 23 RCTs that measured both gradable and non-

gradable surrogate outcomes, 12 assessed the combination of omega-3 fatty acids with statins 

(atorvastatin, simvastatin, lovastatin). From pooled results of six trials
40,44,53,91,139,141

 and five 

trials
40,44,53,91,139

 respectively, no beneficial or harmful effect on HDL-C or LDL-C was found 

(low strength of evidence). While results were inconclusive, there appeared to be an indication of 

improvement in patient profiles of total cholesterol and triglycerides from taking omega-3 fatty 

acids with statins, which might not have attained statistical significance due to low power of 

evidence despite meta-analysis. Results regarding non-HDL-C and total cholesterol/HDL-C ratio 

were inconsistent across studies. In addition, there is evidence of low strength from one parallel 

arm RCT
93

 and one cross-over RCT
36

 that systolic blood pressure is improved when statins are 

taken with omega-3 fatty acids.  

The addition of omega-3 fatty acids to the combination of aspirin and a calcium channel 

blocker with or without dipyridamole appears to reduce triglyceride levels but not HDL-C or 

LDL-C.
51,52

 It is likely that the triglyceride drop reflects the activity of omega-3 fatty acids alone 

rather than a synergistic or additive effect in combination with antiplatelet agents and calcium 

channel blockers. The combination of omega-3 fatty acids with ACE-inhibitors appears to have 

no significant effect on blood pressure and also demonstrates evidence consistent with omega-3 

fatty acids having an independent benefit for triglyceride.
140

 In patients with biopsy proven IgA 

nephropathy, a single 6-month duration RCT found that the inclusion of omega-3 fatty acids with 

renin–angiotensin system blockers reduced the degree of proteinuria in comparison to the 

cardiovascular drugs.
79

 In the only trial that assessed for pharmacodynamic interaction between 

warfarin and omega-3 fatty acids, there was no evidence of differences in coagulation based on 
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INR, however this was a very small study (n=11) and neither data nor confidence intervals were 

provided to evaluate this further.
55

 

In a single RCT conducted in an elderly population (at least 65 years), platelet adhesion, (a 

non-gradable outcome) decreased significantly through concomitant use of vitamin E with 

aspirin.
49

 In another RCT, supplementation with vitamin E in patients taking nifedipine led to a 

significant beneficial change in LDL-C (low strength of evidence). Again, we suspect this is an 

isolated effect of the dietary supplement rather than reflective of an interaction between vitamin 

E and nifedipine itself. Finally, supplementation with low doses of vitamin K (0.1-0.15 mg/day) 

in patients anticoagulated with warfarin or coumarin derivatives appeared to provide stability to 

INR titration and increase time within the therapeutic range based on two studies.
39,41

 The 

stabilizing effect of vitamin K was independent of pre-specified subgroup status including 

gender (male/female) and age (younger or older than 65 years) in one of the studies where this 

was evaluated.
143

 However, a particular limitation of these studies, is that one trial only involved 

Caucasian participants,
39

 whereas in the other ethnicity was not reported.
41

  

Outcomes related to harms associated with drug interactions between dietary supplement and 

cardiovascular drugs were reported in 57 unique studies, most of which were considered to be at 

moderate risk of bias. Gradable harms outcomes included serious adverse events, withdrawal due 

to adverse events, bleeding, renal dysfunction, and hepatotoxicity. Of the studies that assessed 

for harms outcomes, reported adverse events ranged from mild (e.g., flatulence) to severe (e.g., 

leucopenia, major bleeding) but for all the gradable outcomes for which evidence was found, the 

strength of evidence was judged insufficient primarily due to a lack of power contributing to the 

possibility of a type II error. Furthermore, very few studies systematically screened for pre-

defined adverse events. With respect to non-gradable harms outcomes, results from one RCT 

indicated that coenzyme Q10 (200mg/day) may be efficacious in treating myalgias associated 

with statin therapy.
62

 In another RCT a significantly elevated fasting blood glucose occurred in 

the omega-3 fatty acids plus statins group versus the statins alone group.
40

  

Finally, evidence for interactions between cardiovascular drugs and dietary supplements was 

sought from studies that assessed for direct changes in drug pharmacokinetics when combined 

with any of the supplements in question. Gradable pharmacokinetic outcomes included area 

under the concentration curve (AUC), maximum concentration (Cmax), clearance, and drug half-

life. Eleven studies contributed pharmacokinetic evidence, all of which had moderate risk of 

bias. We found no clear evidence of drug-supplement interaction. Evidence was either 

insufficient to rule in or out clinically important pharmacokinetic interactions or showed no 

clinically important interactions. No studies examined pharmacokinetic interactions between 

coenzyme Q10, magnesium, niacin (up to 250 mg/day), red yeast rice extract, resveratrol, 

vitamin A, vitamin D (with or without calcium supplementation), vitamin E, and vitamin K with 

any of the cardiovascular drugs. The following findings were graded as having low strength of 

evidence. Coadministration of Echinacea with warfarin may reduce the AUC of warfarin with 

statistical significance, but warfarin was still within the range of clinical bioequivalence. 

Supplementation with Gingko biloba, garlic, Panax ginseng or ginger extracts in patients taking 

warfarin does not appear to change measurably any clinically relevant warfarin 

pharmacokinetics. American ginseng demonstrated a shift in AUC of warfarin, however the 

clinical significance of this shift is not clear. No pharmacokinetic interaction between Ginkgo 

biloba and ticlopidine was identified. Finally, evidence of no significant interaction (graded as 

insufficient to low strength of evidence) was obtained from three trials investigating the 

combination of omega-3 fatty acids and statins (rosuvastatin, simvastatin, and atorvastatin).  
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Clinical Context and applicability of evidence for decision-
making 

Most of the studies included in this review that measured clinical outcomes provided 

inconclusive findings primarily due to limitations in study design (underpowered) and risk of 

bias (allocation concealment, randomization). The weakness of the evidence itself and its clinical 

relevance is compounded by a general lack of evidence on dietary supplement-cardiovascular 

drug interactions in the literature overall. Ultimately this limited information makes it impossible 

to translate our findings into clear advice and tools for clinical decision-making. Without an 

adequate evidence-base from the literature, variability in effects across clinically important 

subgroups (i.e., stratified by age, ethnicity, gender or health status) could not be assessed. The 

evidence on clinical outcomes is generally inconclusive and applicability of inconclusivity is 

meaningless. The trials were generally efficacy studies in highly selected cardiovascular 

populations lasting for a short period of observation, along with some single-dose studies in 

healthy individuals. As such we are unfortunately left with the unsatisfying yet fundamentally 

important call for more research with focused consideration and evaluation of dietary 

supplement-drug interaction in both clinical and observational studies.  

The limit of good clinical outcomes data on which to base recommendations, leads to 

predicting hypothetical interactions wherein indirect evidence is the most prevalent albeit least 

reliable information source. The study of pharmacokinetic outcomes and changes in these 

outcomes are best suited to address this area. However, evidence of pharmacokinetic alterations 

due to interaction may not translate into altered clinical effectiveness or harms even if well 

characterized. Pharmacokinetic studies are generally conducted in healthy volunteers and as such 

the evidence may not reflect the compromised physiologic processes of the elderly and the 

diseased.  

With relatively limited findings given its scope, the value in this review is that it points out 

the need for further consideration of the question of interactions and comparative effectiveness 

for dietary supplements when considered in conjunction with cardiovascular drugs. Aside from 

further research in the area of dietary supplement-drug interactions, better documentation of 

supplement use by cardiovascular patients is critical to define better where interactions may 

result in clinically relevant sequelae. 

Review of other Systematic Reviews 

Recent systematic reviews related to the topic of dietary supplement-drug interactions have 

been published but do not address the same scope, are not comprehensive, or involve different 

populations of interest. Mills and colleagues published a systematic review in 2005 focused on 

the effect of natural health products on the metabolism of conventional medicines.
107

 Their focus 

was not cardiovascular drugs or patients in particular and describes the evidence for dietary 

supplement–drug interactions for any conventional drug category. The evidence in the review is 

compiled from 41 pharmacokinetic studies. Mills‟ review identified a lack of evidence 

supporting any interaction between coenzyme Q10 and warfarin, Gingko biloba and warfarin, 

and G. biloba and digoxin. These finding are consistent with those in our review. Both reviews 

identified a shift in AUC of INR when American ginseng was taken in conjunction with 

warfarin; however, we question the clinical significance of this finding. 

Also in 2005, Desai and colleagues published a review of interactions between dietary 

supplements and antiplatelet agents.
156

 The review included both clinical trials and case reports. 
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With respect to the dietary supplements considered in our review, Desai concluded that omega-3 

fatty acids given in conjunction with aspirin led to comparatively significant reductions in ADP 

induced platelet aggregation, blood platelet count, thromboxane B2, and restenosis rates, and 

also led to a prolongation in bleeding time. The addition of vitamin E to aspirin led to 

comparatively significant reductions in platelet adhesion, ischemic stroke, recurrent episodes of 

TIA, and prolonged dental bleeding time. Unlike our review, the Desai review did not attempt to 

grade the outcomes extracted and while findings are largely consistent, the graded evaluation we 

completed did not allow the same confidence in conclusions regarding the interactions from 

these agents based on the directness and overall strength of evidence.  

In one of the more relevant reviews published by Izzo and colleagues in 2005, Pubmed was 

searched to Feb 2003 for drug interactions with cardiovascular drugs and included evidence from 

case reports (n=43) and clinical trials (n=8).
108

 This review did not systematically evaluate the 

quality of evidence, nor was there any grading for the strength of their recommendations. For 

example, drug interactions between Gingko, garlic, and ginseng were identified based on few or 

single case reports while our review found low or insufficient evidence of any interaction from 

trials of both direct and indirect evidence. In a 2009 review by Izzo and Ernst, the evidence was 

again extracted from case reports (n=41) and clinical studies (n=17) but did not focus on drug 

interactions with cardiovascular drugs.
113

 None of their 17 clinical studies provided evidence for 

dietary supplement-cardiovascular drugs within the scope of our review. 

Skalli and colleagues published a review in 2007, wherein the majority of evidence for 

supplement-drug interactions was generated from case reports, and there was no focus on 

cardiovascular drugs.
157

 The authors identified interactions between warfarin and all of the 

following: ginger; Ginkgo; garlic; and ginseng. This was again primarily from single case reports 

or case series. Our review found no evidence of such interactions from clinical trials providing 

direct or indirect evidence (insufficient or low levels of evidence). The reviewers also suggest 

that Ginkgo biloba can counteract the effect of thiazide diuretics by increasing blood pressure 

(based on case report data). We found insufficient evidence to support this claim. 

The most recent systematic review on dietary supplement-drug interactions was published in 

2010 by Kennedy and Seely, and examined herb-drug interactions identified from trials whereby 

herbal impact on hepatic metabolism via cytochrome P450 isoenzymes could be ascertained.
115

 

In this review, the target population was not specific to cardiovascular patients or drugs, and the 

review evaluated indirect evidence limited to herbs metabolized via the cytochrome P450 

system. While the information from this review provides an evaluation of primarily indirect data 

regarding possible pharmacokinetic interactions, the results do not overlap meaningfully with the 

findings from our review which addresses only direct evidence for pharmacokinetic interaction. 

Limitations of the Review process 

There were a number of pre-identified limitations to the review process that constrained the 

scope of the review to a manageable yet relevant synthesis overall. The most obvious limitation 

was restricting the number of dietary supplements considered to the sixteen that were included. 

The process to decide on this subset of supplements was based on surveys from the literature 

regarding usage, and a consensus process of selection that included the Technical Experts Panel 

(TEP) members. Limiting the review to the most commonly used and relevant dietary 

supplements in the context of cardiovascular disease allowed us to maintain as broad an 

approach as possible in exploring both direct and indirect evidence for interactions with 

cardiovascular drugs.  
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An additional limitation in this review comes from not including all possible indirect 

evidence that addressed the potential for pharmacodynamic or pharmacokinetic dietary 

supplement-drug interactions. We limited our review to direct evidence of pharmacokinetic 

interactions by assessing for changes in parameters of drug clearance in humans when a dietary 

supplement was coadministered with cardiovascular drug(s). This approach omits an exploration 

of possible hypothetical interactions derived from assessing alterations in probe drugs or other 

surrogates that speak to changes in enzymes involved in drug metabolism.
115

 In addition, 

potentially useful additional evidence could come from signals related to changes in drug 

transport proteins that may lead to localized shifts in drug concentration as well as altered rates 

of drug clearance. For instance, P-glycoprotein and other membrane bound drug efflux 

transporters are found in numerous tissues and biological filters including the intestines, liver, 

kidneys, and blood brain barrier.
158

 Like the cytochrome P450 enzymes, P-glycoprotein is 

susceptible to inhibition and induction.
115,159

 The evidence of drug transport and more indirect 

evidence of pharmacokinetic alteration was not considered in our review so as to best allocate 

resources to the most direct, clinically relevant, and ultimately gradable evidence.  

The review process did not allow the inclusion of combinations of multiple dietary 

supplements with cardiovascular drugs, in order to make causal inference possible. This 

limitation has negative implications for external validity due to the fact that the way in which 

people self-prescribe likely includes combinations of numerous dietary supplements with 

cardiovascular drugs. Somewhat related, excluding studies where proportions of populations 

taking cardiovascular drugs was less than 80 percent resulted in missing data from individuals 

from studies in over 102 otherwise evaluable reports. This exclusion criterion, which is 

important to ensure the rigor of the review process and to prevent inaccurate analyses, still 

resulted in omission of data from a number of otherwise relevant studies.  

A further limitation of the review process employed is the emphasis on the environment for 

cardiovascular treatment relevant to North America. This emphasis comes from limiting the 

drugs in question to those used in North America, thereby leaving out drugs from other 

jurisdictions, and the data obtainable from additional, international sources of research. Finally, 

we only included publications where English or German was the language of publication. 

Conclusions 

With limited data to give a clear signal on dietary supplement-drug interactions, it is difficult 

to provide clear guidance to clinicians and patients regarding advice on the choices to be made in 

this area. Drug interactions that may result in positive or negative outcomes likely exist, and 

occur, but the evidence available and identified in this review is insufficient to provide clinical 

recommendations with confidence. The strength of evidence that we did find was low at best, 

with poor grading resulting from risks of bias, and small sample sizes greatly increasing the risk 

of type II error. In addition, the etiology for results are difficult to determine effectively as 

changes in a measured outcome could be due to either a real therapeutic effect that comes from 

the dietary supplement itself or is due to an interaction between the drug and the supplement in 

question.  

With these caveats in mind, and the fact that the most reliable data comes from indirect 

intermediate outcomes associated with clinical results, the following is a summary of the clearer 

signals from the evidence reviewed: 

 Coenzyme Q10 (100 to 200 mg per day) taken in combination with statin drugs likely 

does not interfere with efficacy and possibly provides benefit for statin induced myalgia.  



 

128 

 

 Omega-3 fatty acids (2 to 4 grams per day) from fish and/or supplements likely do not 

interfere with the efficacy of statin therapy or calcium channel blockers in presence of 

antiplatelet agents, and may provide independent benefit in resolving hypertriglyceridemia. 

 Vitamin K (0.1-0.15 mg/day) may help to stabilize INR when given with warfarin. 

 Garlic (4-10 grams/day) may not interact negatively with nitrates and warfarin and 

may confer independent benefit in improving HDL and total cholesterol.  

Our confidence, however, in the validity and reproducibility of these findings is low. 

Limitations of the Evidence Base 

The literature search applied in this review was comprehensive in exploring multiple sources 

for human level evidence, yet despite this, there was a decided lack of relevant evidence 

available. The available literature comes primarily from small trials of highly selected patients 

and subjects, that limits external validity. While there is data from which we can derive a sense 

of lack of interaction in many cases, the small size of the trials makes it impossible to ascertain 

the potential for a true clinical interaction if the trials had been adequately powered to see 

evidence of harm or interaction. 

The internal validity of most trials was compromised due to flawed designs, lack of 

appropriate allocation concealment, and risk of bias. There are very few examples where a 

formal assessment of statistical interaction was completed. One notable exception comes from a 

trial whereby a decrease in triglyceride levels due to combination of omega-3 fatty acids with 

niacin led to twice the additive effect of the each therapy alone, indicating the possibility for 

synergy through concurrent use.
80

 In the absence of corroborating pharmacokinetic evidence or 

assessment for interaction, it is often impossible to determine whether a difference in outcome is 

due to true pharmacological interaction, or due to more independent combined, or possibly 

counteracting therapeutic effects. As the goal of this synthesis work was not to complete a 

comparative effectiveness analysis of dietary supplement versus drugs for cardiovascular disease 

we did not formally assess for these comparative therapeutic effects. 

In terms of the pharmacokinetic evidence assessing Key Question 4, most of the research was 

conducted on healthy young adults. Thus this level of evidence may not be applicable to older 

patients taking cardiovascular drugs due to possible differences in metabolism and the existence 

of comorbidities.  

One of the principal limitations of the trials we evaluated was the fact that they were very 

small and thus susceptible to type II error. A slimly reassuring corollary to this is that if there 

was a real and dramatic clinical impact due to an interaction then some clinical effect would 

likely have shown up despite being underpowered for smaller effect sizes. Of more concern are 

possible interactions that could arise through polypharmacy of prescription drugs, a situation all 

too common, in particular for the elderly population. 

Future Research Recommendations 

Given the important gap in research in the area of dietary supplement-drug interactions there 

should be a strategic investment in building research capacity to address relevant questions. With 

the continued burden of cardiovascular disease in North America, this issue is not going to go 

away and will likely increase in magnitude if the public continues to increase their use of dietary 

supplements for self-care. 

A focused research strategy regarding dietary supplement-cardiovascular drugs could 

consider a number of recommendations arising from this review: 
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1) Future trials should focus on meaningful clinical outcomes, be appropriately powered and 

rigorously conducted and reported, and provide precise measurements of both clinical 

outcomes and harms outcomes;  

2) Trials should be representative of the population taking cardiovascular drugs in terms of 

comorbidities, setting, and racial distribution. They should also consider subgroup analysis for 

age, gender, race, comorbidities (e.g. liver or renal compromise), and genotypic polymorphisms 

of the cytochrome P450 enzyme; 

3) Pharmacokinetic studies should follow Food and Drug Administration guidance for 

conduct and reporting so comparison between trials can be carried out more effectively; 

4) Pharmacokinetic studies should present interpretation of statistically significant outcomes 

in terms of clinical significance; 

5) Clinical trials and observational studies that explore the effect of cardiovascular drugs 

should assess the use of dietary supplements, and include this in the reporting of results; 

6) Phase I trials of cardiovascular drugs should include older populations, and if possible a 

pharmacokinetic assessment that includes dietary supplement usage  

7) Future studies should examine vulnerable subgroups such as the elderly, those with 

compromised renal and liver functions, and patients with multiple comorbidities; 

8) Where possible, comparative effectiveness studies should include a statistical analysis for 

interactions, and the trials should be powered accordingly; and 

9) Until well powered experimental studies are conducted to examine dietary supplement-

drug coadministration, evidence from well-conducted prospective observational studies should 

be sought. Electronic health record linkages between databases of dietary supplement use and 

cardiovascular drug prescription may also add to the equipoise that has been so insufficiently 

addressed. 
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