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Abstract

This article describes why the safety and efficacy assessment of non-nutrient bioactives 

for reducing chronic disease risk is so complicated, especially for dietary supplements and 

traditional medicines. Scientists, regulators, and the public have different and sometimes opposing 

perspectives about bioactives. Drug, food, and traditional medicine models used for bioactive 

safety assessment are based on different assumptions and use different processes. Efficacy 

assessment is seldom based on clinical trials of boactives’ effects in reducing chronic disease 

risk. It usually consists of application of quality assurance measures and evaluation of label 

claims and commercial speech about ingredients or products to ensure conformity to regulations. 

Harmonization of safety and efficacy assessment on a global basis is difficult because of 

differences within and between regulatory systems. The recommendations provided may open 

the way for bioactives to play a larger health role in the future, fill gaps in data needed for crafting 

authoritative dietary guidance on intakes, and speed harmonization of global standards.
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1. Introduction

The foods we eat contain thousands of bioactive chemicals. Historically, scientists focused 

first on characterizing the few dozen nutrients that were essential to human life. They 

studied nutrient effects and developed intake recommendations. Non-nutrient bioactives 

were disregarded as “dark matter” and largely ignored, except for those that possessed 

special properties affecting food safety, stability, taste, or appearance. Times have changed. 

Now the beneficial health effects of many non-nutrient bioactives are receiving attention. 

Some scientists declare that at last knowledge about the safety and efficacy of these non-

nutrient bioactives has “come of age” and that “bioactive”, “functional” and “nutraceutical” 

products or diets rich in them will bring major future advances in preventing chronic 

degenerative disease. But have they really come of age? Others are not so sure, pointing to 

their variable quality, unvetted safety and dubious claims that are made about many products 

containing them. The problem today is to examine past progress, gaps, and how best to move 

forward in the face of such controversy.

This article examines why definitions and regulations for assessing safety and efficacy of 

non-nutrient bioactive ingredients in foods and dietary supplements are so difficult to handle 

within regulatory frameworks and harmonize globally. It describes the different scientific, 

cultural, and philosophical assumptions that contribute to the continuing controversy about 

bioactives’ safety, efficacy, and the advisability of providing authoritative dietary guidance 

about them, particularly in the United States (US). Current processes and their limitations 

are presented. The article concludes with recommendations for dealing with remaining 

challenges.

2. What are bioactives?

2.1. Historical context.

As the chemistry of living things developed in the late 19th and early 20th centuries, 

organic chemists categorized the chemicals necessary for the life of the plant as primary 

metabolites. The others, first characterized as secondary metabolites of uncertain utility, 

were later divided further into compounds that affected human beings either as drugs or 

poisons, and remaining compounds that were viewed as having no known human health 

effects (Bourgaud et al 2001). When epidemiological studies found that some of those 

seemingly inert, innocuous secondary metabolites were associated with positive long term 

health outcomes in epidemiological studies, the current concept of bioactives was born.

2.2. Why is it important to assess the safety and efficacy of bioactives?

As humans co-evolved with plants over the millennia they developed the ability to 

eat all sorts of xenobiotics that they were constantly exposed to in their diets without 

being poisoned. Over the course of evolution, some plants reproduced more efficiently 

and survived better than others because they developed specific bioactives such as the 

polyphenols that deflected potential herbivores or pathogens. Polyphenols have mostly 

structural functions in plants as complex polyphenolic glycosides, but they also serve as 

redox agents to protect chloroplasts from being damaged by ultraviolet radiation, as toxins 
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that deflect potential herbivores or pathogens, and probably have other as yet unknown 

activities. Polyphenols certainly predate humans and most other members of the animal 

kingdom. For humans, the survival benefit over time of access to nutrients from plants 

has far outweighed the risks of being exposed to compounds like the polyphenols that 

are basically plant defense chemicals. It is possible that humans co-evolved with these 

phytochemicals to the point that some of these bioactives might reduce chronic disease 

risk and promote human health. However, such claims must be examined in the context of 

what is known about human biology (Li et al., 2022 and Cardoso et al. 2022). For all of 

human history except the past century, most human beings died of the infectious diseases 

of childhood, and not from chronic degenerative diseases such as coronary artery disease 

and cancers. Thus, it is highly unlikely that man co-evolved with these bioactives in a way 

that was always beneficial in preventing chronic disease. Surely it is possible that some 

bioactives have preventive benefits, and indeed it has been demonstrated in some cases 

(Sesso et al 2022). However, the pathways and targets are likely to be much more complex 

than is currently recognized, underscoring the importance of safety and efficacy assessment.

2.3 Perspectives about bioactives vary by scientific discipline

All ingested molecules influence living organisms to some extent, and all are thus 

“bioactive”, but such a broad definition is meaningless operationally. Working definitions 

are narrower, although they vary from one scientific discipline to another.

2.3.1. Biochemical—Bioactives are structurally complex, highly heterogeneous, diverse, 

nonnutritive organic mixtures of compounds that are frequently derived from plants. Their 

chemical structures are often difficult to determine because they often contain very large 

polymers and stereochemical elements that affect their activity. Some biochemists use the 

term bioactive to refer only refer to compounds that exist in nature or in crude extracts, 

while others include highly processed and synthetic organic compounds. Lists of bioactives 

usually include classes, subclasses and individual phytochemicals (e.g., polyphenols, 

flavonoids, phytosterols, saponins, phytates, caffeine, glucosinolates, isothiocyanates, and 

others) as well as some zoochemicals (e.g., choline, Coenzyme Q, and others).

2.3.2. Nutritional—Nutrition scientists distinguish between nutrient and non-nutrient 

bioactives on the basis of their essentiality for life and other characteristics described in 

Table 1. The U.S. Office of Dietary Supplements (ODS), National Institutes of Health 

(NIH) has tentatively defined the non-nutrient bioactives as ingredients in foods or dietary 

supplements other than those needed to meet basic human nutritional needs (i.e., nutrients) 

which are responsible for changes in health status (U.S. Department of Health and Human 

Services, 2004). The term bioactives will be used to refer to these non-nutrient bioactives in 

the remainder of this article.

2.3.3. Natural products chemistry—Natural product chemists and pharmacognosists 

focus broadly on the thousands of bioactives in natural products that have human health 

effects, rather than solely on a few dozen of paramount interest to human nutritionists. They 

regard both nutrient and non-nutrient bioactives as xenobiotics, since both are foreign to 
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the human body, not synthesized by it, and involve multiple pathways, functions, targets, 

bioactivities, and side effects with health implications.

2.4. Popular and regulatory definitions of bioactives differ as well

Table 2 summarizes some of the many terms in common use referring to bioactive 

ingredients or products rich in them. These include functional foods and ingredients, 

nutraceuticals, traditional complementary medicines, and herbals. Conventional descriptions 

of bioactives in common use imply that use of the ingredients or products containing them 

will impart a beneficial health effect while safety and adverse effects are often unmentioned.

2.5. Regulatory definitions are lacking

The term “bioactive” is not officially defined by any authoritative scientific body. Statutory 

and regulatory definitions of bioactives or terms for products containing them are not 

provided in U.S. law, nor in the laws of many other countries. The regulations for dealing 

with bioactives differ by intended use and vary greatly from country to country (Shao, 

2017). Figure 1 shows the different regulatory categories into which they are placed and that 

determine how they are assessed.

2.6. Implications

Safety and efficacy assessment are hindered by the diverse definitions of bioactives, their 

lack of chemical characterization, the diversity of bioactive ingredients and products, and 

different regulatory standards. The same products are categorized differently by regulations 

in various countries, sometimes as foods, sometimes as medicines, and in others as 

free-standing traditional medicines, each triggering different safety assessment procedures. 

Confusion is rampant, hampering global harmonization and regulation. For example, Ginkgo 

biloba is regulated as an herbal medicine in the European Union (EU), as a traditional 

medicine in China and Thailand, as a health food in Japan, and as a dietary supplement in 

the United States (Jiratchariyakul and Mahady, 2013).

3. How do underlying scientific, societal, and cultural assumptions affect 

safety assessment of bioactives?

Safety and efficacy are scientific concepts but they are not amenable solely to scientific 

resolution because they involve value laden societal, cultural, and legal views.

3.1. What underlying assumptions affect safety assessment?

Countries define what safety is and who decides how safe is “safe enough” based on societal 

and cultural views as well as science. Their responses influence laws, regulations and safety 

assessment processes that are adopted. Table 3 shows that starting assumptions vary both 

on the likely harmfulness of bioactive and how best to handle the risks they may pose. 

Assumptions that absolute safety can be achieved by precaution applies to all regulatory 

categories and may lead to processes that virtually prohibit use of some bioactives. Views 

that the risks bioactives pose can be attenuated to achieve a low probability of harm lead 

to risk- assessment and management strategies. Views that bioactives are inherently safe 
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owing to a long history of use lead to processes stressing traditional methods of preparation 

to ensure safety. International consensus on the appropriate processes is difficult to achieve 

because these underlying views about safety vary so much.

3.2 Possible premature application of the precautionary principle

The precautionary principle was first invoked by the European Union (EU) in dealing 

with threats of prion disease (bovine spongiform encephalopathy or “mad cow” disease) 

and more recently to prevent the use of bioengineered ingredients (genetically modified 

organisms or GMOs) in foods owing to their potential threats to biodiversity. In applying 

the principle, a good estimate of the risk (safety) is needed to avoid premature application 

and prohibition of a bioactive solely on speculative evidence. The goal of minimizing risk is 

difficult to apply in practice because the precautionary principle poorly defines the plausible 

uncertainties and risks that are threatening enough to trigger it. The strictest interpretation 

of the precautionary principle treats hazards as if they were risks and gives excessive weight 

to potential negative impacts and may dampen development of new ingredients (Hoetkamp, 

2006).

4 Safety Assessment Processes for Bioactives

Regulatory agencies rightly give priority to safety concerns about bioactives. Bioactives’ 

effects are much more complicated physiologically than was originally thought, and their 

safety cannot automatically be assumed, as translational efforts over the last 50 years have 

shown (Box 1).

4.1 Processes

Bioactive safety assessment processes vary by regulatory category of intended use, and 

each category has its own special requirements. Table 4 describes the objectives rationale, 

and safety assessment processes for intended uses in drugs, foods, dietary supplements, 

and traditional medicines. The compound itself, the form in which the bioactive occurs, 

its’ chemical characteristics, and whether it occurs singly or in mixtures are all important 

determinants of the appropriate methods to employ.

4.2 Limitations

The limitations of these processes are several, and include the following:

4.2.1 Bioactives differ from drugs, complicating application of the risk 
assessment model based on drug safety testing.—The bioactives’ inherent 

variability and degree of purity vary depending on their structure, stability, processing, 

and difficulty of synthesis. Preparations often consist of multiple compounds that may have 

effects as mixtures rather than as the single, highly purified compounds present in modern 

drugs. In many natural products, the identity of the actual bioactive is often unknown 

and the entire plant or extract is assumed to be the “bioactive.” In other instances, the 

active compound(s) is based on a mechanistic hypothesis that may or may not be backed 

up by in-vitro data (e.g., antioxidants) or only on guesswork. Other shortcomings of the 

drug assessment model are that some safety risks of bioactives are difficult to ascertain 

Dwyer Page 5

Mol Aspects Med. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(e.g., end-organ damage and reproductive toxicology, or long-term harm, such as cancer). 

Benefits may also be elusive (e.g., lifetime reduction of risk or cancer or heart disease), and 

risk-benefit tradeoffs ultimately represent value judgements.

4.2.2 A history of use is an unreliable indicator of safety, particularly 
for traditional medicines and dietary supplements—Some traditional medicinal 

preparations contain only complex “classical” mixtures of natural products, while others 

include variations introduced by later processes and purified synthetic compounds 

(Shipkowski et al, 2018). Table 5 shows that the diverse types of products marketed 

as traditional medicines are placed in many different regulatory categories and that it 

further varies by country. Adverse health effects may arise with both traditional medicines 

and dietary supplements owing to different conditions of use, including uncontrolled self-

medication, use at incorrect dosages or times, and use with certain drugs or foods that 

may generate adverse interactions. For example, Hypericum perforatum L. (St. John’s wort) 

reduces the blood levels of cyclosporine, cyclosporine, digitalis, theophylline, anti-retroviral 

medications, and oral anticoagulants. (Rossi et al., 2017).

4.2.3 Dietary supplements differ from foods, complicating the application of 
a food paradigm to them—The unique characteristics that pose potential safety concerns 

and challenges for bioctives in dietary supplements are described in Table 6. Although 

they are regulated more like foods than drugs in some countries, including the US, the 

bioactives in dietary supplements often behave differently than they do in foods. The father 

of toxicology, Paracelsus, said the poison depends on the dose. In foods bioactives are 

usually present in low concentrations and it is unlikely that hazardous amounts of bioactive 

constituents will be consumed. The food’s energy providing ingredients, water, and other 

ingredients promote satiety, and consumption of several pounds of food in a single serving 

would be required to yield a dangerous amount of the bioactive. In contrast, ingredients in 

dietary supplements are present in more highly isolated, purified, and concentrated forms 

which are easily ingested in very large quantities, often in a single bolus dose and in high 

amounts. The combinations of ingredients, matrices, physical forms of products containing 

the bioactive, dosage form performance (i.e., whether and how a supplement dissolves, 

disintegrates, and goes into solution) and conditions of use are also different in dietary 

supplements and affect. ingredient bioavailability and bioaccessability. The combinations of 

ingredients also influence other medications taken at the same time, altering amounts of 

the bioactive reaching target sites of action. They may be present owing to the composition 

of the preparations themselves or differences in conditions of use, especially when the 

products are ingested chronically may both pose risks. Some types of dietary supplements 

such as condition specific performance enhancers, body building and weight loss products 

are particularly liable to violations in good manufacturing practice, (GMP) adulteration, 

and spiking with active drugs. (Crawford et al., 2022). The lack of clinical trials to assess 

safety of dietary supplements prior to marketing them makes it difficult to anticipate the 

presence and causes of adverse effects. Staffing limitations limit the number of GMP 

regulatory inspections that can be done. For example, in the US, the Food and Drug 

Administration’s Office of Dietary Supplement Programs currently employs a few dozen 

personnel to review an estimated 80,000 products produced by 2,000 firms. Safety problems 
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are further compounded because in the US FDA must provide evidence that a bioactive is 

unsafe before it can institute enforcement measures for dietary supplements.

4.2.4 Traditional medicines differ from conventional drugs and it is difficult 
to ensure their safety and product integrity—Traditional medicines have many 

characteristics that differ from drugs and therefore safety assessment processes for drugs 

may need to be modified when applied to them. The bioactives responsible for the beneficial 

effects of traditional ethnobotanical medicines are often unknown. The sources of the natural 

products are difficult to access, supplies are unreliable, and product composition varies by 

season and environmental factors, especially if the bioactives are secondary metabolites in 

plants. In some preparations, the extent to which the bioactives have been isolated from 

their natural sources, and the bioactivity of these isolates is uncertain. Modern, rather 

than the “traditional” botanical preparation and processing techniques are often used today 

and so product quality or potency may be different than classical preparations (Funk 

and Schneider, 2021). Also, the use of traditional medicines today differs from classical 

indications. Traditional medicines are not being used over a short time for classical ailments 

but for longer periods of time to treat chronic degenerative diseases such as coronary artery 

disease that were rare in antiquity, increasing the possibility of delayed adverse events and 

cumulative organ damage. Some but not all countries have adopted regulations to ensure 

product integrity and safety, especially for the “newer” traditional medicine formulations to 

deal with concerns about quality and possible adverse effects.

4.2.6 One country’s traditional medicine is often regulated as a drug or 
dietary supplement elsewhere—For example, in the United States, if a treatment or 

cure claim is made about a traditional Chinese medicine, FDA treats it as a drug. If no 

treatment claim is made, products used as traditional and herbal medicines are regulated as 

dietary supplements.

4.2.6. Internationally harmonized safety assessment standards for dietary 
supplements and traditional medicines are difficult to achieve.—In different 

countries, the same product may be classified in many different regulatory categories. 

Resolution of these international differences is complicated because not only the regulatory 

categories themselves but the assessment processes required within each category vary 

from one country to another and are enshrined in laws and regulations. Discrepancies 

from country to country for traditional and complementary medicine safety assessment 

processes are described in Table 5, and they are provided elsewhere for dietary supplements 

(Dwyer Coates and Smith 2018). A few other examples will suffice. Herbal preparations are 

regulated as a prescription only medicines, traditional herbal medicines, herbal medicinal 

products, food supplements, dietary supplements and homeopathic or anthroposophical 

medical products in different countries (Bilia et al., 2021). Even within the EU itself, despite 

having a common legislative framework, member states often regulate the same products 

in different categories. Efforts to harmonize regulations for popular botanicals such as St. 

John’s wort, valerian, ginkgo, ginseng, and green tea failed because different countries 

positioned the botanicals’ differently in their regulatory frameworks and local laws.
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In Europe, botanicals were initially defined as “other substances” by the European Food 

Safety Agency (EFSA) in 2001 and subsequently examined more fully to determine which 

ingredients were toxic (and should be prohibited), and which should be regulated as 

medicines. However, each country has different laws and regulations on what constitutes 

toxic or medicine-like characteristics, and despite several EU harmonization efforts, 

botanicals remain unharmonized today (Vettorazzi et al., 2020). In the US, those same 

botanicals (including herbs, spices, algae, fungi, and lichens) are regulated as foods and 

dietary supplements, and not as medicines as long as they do not make disease claims. If 

they do make such claims they are regulated as drugs. The profusion of different regulations 

for safety assessment makes it difficult for regulators to deal with dangerous or irrational 

product formulations that are either unsafe themselves or that jeopardize the metabolism 

of drugs or other compounds. It also complicates the process of locating and disciplining 

noncompliant producers across national borders.

5. Efficacy

5.1 Background.

Legislators and regulators everywhere and want bioactives to be efficacious and to pose 

minimal risk. But they disagree on how efficacy should be defined, whether and how 

it should be assessed, and who should decide. Also, it has been difficult to implement 

appropriate models for translating in vitro findings on bioactives into clinical trials that show 

reduced chronic disease risk in humans. Initially too little attention may have been paid to 

the fact bioactives’ health effects were much smaller than the large, easily observed effects 

of a few compounds purified from natural products that are now used in drugs like atropine, 

digoxin, and insulin. Humans consume bioactives in low doses, chronically, with cumulative 

effects that are likely to be small, and in mixtures, with the activity of one compound 

often dependent on the presence of others. Clinical trials using well characterized mixtures 

of bioactives may sometimes have failed to demonstrate efficacy not because they lacked 

a true effect, but because they recruited insufficient numbers of participants, administered 

the intervention over short time frames, and lacked definitive endpoints. For reducing risks 

of most chronic diseases, years-long interventions with tens of thousands of subjects are 

required to have sufficient power to detect such small effects. Many such clinical trials 

have now been carried out on bioactives in dietary supplements and foods, including the 

Age Related Eye Disease Study (AREDS), Vitamin D and Omega Three Trial (VITAL), 

Women’s Health Initiative (WHI), Selenium Vitamin E and Cancer Trial (SELECT), and 

Cocoa Supplement and Multivitamin Outcomes Study (COSMOS) (Chew, 2014; Chew, 

2021; Leboff et al., 2018; Prentice, 2021; Klein et al., 2011; and Sesso et al., 2022). 

However, the work is difficult, expensive, and often, but not always, results are discouraging. 

Nevertheless, clinical trials of some bioactives are proceeding, some with positive results. 

For example, using a well characterized cocoa extract standardized for cocoa flavanols 

the recently completed COSMOS clinical trial showed beneficial effects on cardiovascular 

disease outcomes (Sesso et al., 2022).
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5.2 Evidence of Efficacy

The efficacy standards and processes vary markedly for bioactives in different regulatory 

categories. ( e.g., drugs, traditional medicines, foods, and dietary supplements). They 

currently rely chiefly on ensuring product integrity through enforcement of good 

manufacturing practices (GMP) to ensure quality coupled with regulation of claims made 

about bioactives on labels or in commercial speech. In contrast, definitive evidence from 

clinical trials showing chronic disease risk reduction is rarely required for foods, dietary 

supplements and traditional medicines, while it is for drugs before they can be sold. 

Regulatory agencies lack the clear statutory authority to regulate the other categories that 

they do for drugs.

5.1. Drugs

5.1.1 Process.—Once risk assessment has been successfully completed, risk 

management is employed to find ways to reduce and manage the potential risks before 

the bioactive is marketed (see Table 3). In the US, the manufacturer must submit evidence 

that the new ingredient is safe in the manner it will be used, and FDA must grant approval 

before it is marketed.

5.1.2 Limitations—The process for approval is costly and time consuming, and few 

incentives exist for manufacturers to seek it.

5.2. Traditional Medicines

5.2.1. Process—Traditional medicines sold today include “classical” traditional 

medicines with both herbal and non-herbal ingredients, herbal medicines containing only 

herbal ingredients and newer preparations containing both extracts and highly purified 

active compounds that resemble drugs. There is no single process for evaluating their 

efficacy varies greatly from country to country. The “classical” traditional and herbal 

medicines are often treated by regulators in their countries of origin as a special category of 

pharmaceuticals for which mechanisms of action and supportive data from clinical trials are 

not required. (Liang et al., 2017).

5.2.2. Limitation: Absence of clinical trials makes it difficult to evaluate 
effects of traditional medicines and dietary supplements on chronic disease 
risk—Since clinical trials are not required for traditional medicines, if beneficial effects 

are found they may be from the bioactive preparation itself, concomitant interventions in 

lifestyle that are prescribed along with their use, placebo effects or all of these (Funk and 

Schneider, 2021).

5.3. Foods

5.3.1. Process—Foods are regarded as efficacious by definition because they have 

nutritional effects and therefore the efficacy of most bioactives in foods is usually based 

on quality assessment. However, claims about special benefits of bioactives in foods beyond 

those of nutritional value alone trigger requirements for evidence to back them up. The 

statements that are allowed in labeling and marketing as well as quality and product 
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integrity standards vary from country to country. For example, in the United States the 

types of evidence required vary depending on the intended use of the bioactive ingredient 

(e.g., whether it is classified as a drug, food, or dietary supplement), and the claims 

being made about it. Permissible statements about bioactives on labels include content, 

dietary guidance statements, and health claims of various sorts. Table 7 presents allowable 

claims for bioactives in foods and dietary supplements in the US. Note that structure-

function claims allowed on dietary supplements are not evaluated by FDA, although all 

such claims must be truthful and not misleading. Table 8 provides examples of some 

unqualified and qualified health claims for bioactives in the US. In the EU there are 

three types of health related claims. “Functional health claims’(Article 13 claims) that 

relate to growth, development, bodily, psychological, and behavioral functions, slimming 

or weight control treat botanicals and botanicals differently. “Risk reduction” claims on 

reducing a risk factor in the development of a disease (Article 14(1)(a) claims) are like 

the United States’ structure-function claims, (e.g., Plant stand esters have been shown to 

reduce blood cholesterol. Blood cholesterol is a risk factor in the development of coronary 

heart disease). The third category of EU health claims refers specifically to child growth 

and development (Article 14(1)(b) claims). Manufacturers are allowed to promote nutritional 

and/or scientifically proven health benefits of their food products after the European Food 

Safety Agency (EFSA) positively reviews the scientific evidence for them (Vettorazzi et al., 

2020).

5.3.2. Limitations: Rigorous standards for the efficacy of bioactives on 
chronic disease risk reduction are lacking, especially for dietary supplements 
and traditional medicines—In Western countries today, demonstrations of efficacy of 

bioactives in chronic disease risk reduction with more rigorous standards of causal inference 

are increasingly being required. Many studies of poor quality are insufficient to support 

efficacy claims. For example, in the US, FDA now requires greater detail on how studies 

were conducted, and more credence is placed on demonstrations of efficacy in randomized 

double blind clinical trials than on observational studies within the totality of evidence. Also, 

currently accepted and validated surrogate endpoints must be cited in research intended 

to support health claims (Liska and Olsen, 2018). Since there are still very few well 

conducted randomized clinical trials available on bioactive ingredients and products, it is 

understandable that regulatory authorities have granted few petitions.

5.4. Dietary supplements

Countries differ on what products are regulated as dietary supplements. For example, In 

the EU the dietary (food) supplement category is restricted largely to nutrients, and herbals 

are regulated either as drugs or traditional medicines, depending on their constituents. In 

the United States, nutrients, herbals, and many other bioactives are regulated as dietary 

supplements, as long as they do not make disease claims

5.4.1. Process—In the US, efficacy assessment consists of assuring the quality of 

bioactive containing dietary supplement products and regulating claims about them, as is 

done for foods. Use in dietary supplements does not require efficacy assessment unless 

they contain “new” dietary ingredients that were introduced after passage of the Dietary 
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Supplement and Health Education Act (DSHEA) of 1994. To ensure quality, FDA provides 

guidance on current GMPs for preparation, packaging, labeling, storage practices, and 

documentation of ingredients in dietary supplements that meet specifications for purity, 

composition, and strength. (Bailey, 2018). FDA-authorized health claims, qualified health 

claims, structure-function claims, and nutrient content claims are all permitted on dietary 

supplements, along with many other marketing statements (Hua et al., 2021). If dietary 

supplements are marketed with ‘disease’ claims (e.g., ‘this supplement shrinks tumors’) they 

are regulated as drugs.

5. 4.2. Limitations

5. 4.2.1. Product integrity is vital for assessing efficacy, but it is often problematic, 
particularly in multi-ingredient products: Efficacy assessment of multi-ingredient 

products such as dietary supplements and traditional medicines is impossible when product 

integrity is lacking. This lack has plagued many clinical trials containing mixtures of 

natural products such as turmeric, cranberry, green tea, and spices. (Panel on Dietetic 

Products, Nutrition, and Allergies, 2009 and Raz et al., 2006). For example, botanical 

preparations were poorly characterized in studies testing turmeric, an anti-inflammatory 

used in Ayurvedic medicine to lessen inflammation for its effects in obesity related 

conditions and musculoskeletal diseases, making it difficult to evaluate the results (Raz 

et al., 2006). Also, products were poorly characterized in some clinical trials of cranberry 

preparations and dietary supplements. Thus, it was unclear if the null results were due to 

lack of product integrity or to a true lack of effect (Panel on Dietetic Products, Nutrition, and 

Allergies, 2009 and Maddan et al., 2021). Later, a qualified health claim for cranberries was 

obtained after more rigorous clinical trials with well characterized products (see Table 8).

5. 4.2. Efficacy assessment of bioactives in dietary supplements using 
validated endpoints or surrogates is infrequent—Clinical trials demonstrating an 

impact of a bioactive on reducing validated outcomes or surrogates of chronic disease risk 

are rarely done for bioactives in dietary supplements. The law does not require it and 

incentives are lacking for manufacturers to invest the time and money required to conduct 

such efficacy assessments when patent protection for an ingredient or product unlikely and 

marketing advantages are unclear. Health claims are made instead based on less definitive 

changes such as a change in an intermediary biomarker of metabolism. However, a few 

bioactives sold as dietary supplements have now been assessed using the drug standard

6. Authoritative statements on recommended intakes of bioactives in the 

US

Scientists and regulators in the US have struggled for many years about the level of evidence 

required and the wisdom of making authoritative recommendations to consumers on safe 

and potentially beneficial intakes of bioactives. Today, regulatory processes involving the 

efficacy of bioactives’ impacts on chronic disease risk depend on what regulatory authorities 

deem to be permissible in labeling and commercial speech about bioactives, and that in turn 

is based on what authoritative statements that are available. Some countries in Asia have 

made such recommendations for selected bioactives and there is considerable interest in 
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developing such recommendations elsewhere, but the devil is in the details about acceptable 

standards for safety and efficacy (Lupton et al 2014) The timeline of events and statements 

about bioactives made by authoritative US bodies and others in recent years provided below 

traces thinking on the subject and where recommendations stand today

6.1. Background

The Recommended Dietary Allowances (RDA) for nutrients issued by the Food and 

Nutrition Board (FNB) of the National Academy of Sciences(NAS) provided authoritative 

guidance on “safe and adequate levels of intake” of some non-nutrient bioactives from 

the 1970s to 1980s (National Research Council 1989a). Growing recognition of the 

contributions of nutrient and non-nutrient bioactives in reducing chronic disease risk and 

their importance in healthful dietary patterns was also apparent in Diet and Health, another 

consensus report of the National Academies of (National Research Council, 1989b). It 

concluded that increased chronic disease risk was likely for alcohol but not significant for 

coffee, tea, or some other non-nutrient bioactives including food additives, environmental 

and naturally occurring contaminants. At the same time scientists recognized that while 

many bioactives appeared to have beneficial physiological effects, the lack of data about 

bioactives made it impossible to estimate exposures and their links to health and disease 

(Kris-Etherton et al., 2002). Examples included caffeine on attention, fiber on laxation, 

flavan-3-ols on blood pressure and others such as lycopene, resveratrol, lignans, tannins, and 

indoles. They called for more research to identify foods and dietary components that altered 

the risk of chronic diseases and elucidation of their mechanisms of action and development 

of measures of nutritional status or outcomes might be more appropriate for evaluating their 

effects than the classical functional measures used with nutrients.

Until the early 1990s the bioactives permitted in dietary supplements were relatively few. 

The number of bioactive ingredients allowed in supplements then greatly expanded with 

enactment of the Dietary Supplement Health and Education Act (DSHEA) of 1994 that 

created a whole new regulatory category of “dietary ingredients” (DIs) that could be 

included in dietary supplements. Some DIs were nutrients (such as, vitamins, minerals, and 

amino acids). Most were non-nutrient bioactives (e.g., herbs or other botanicals, a ‘dietary 

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

concentrate, metabolite, constituent, or extract’). Although DSHEA allowed non-nutrient 

DIs in dietary supplements and permitted claims of “nutritional support”‘(e.g., structure-

function claims) about them, listing of amounts were not required on dietary supplement 

labels.

In the 1990’s, a few years after the passage of DSHEA, the designation of safe and adequate 

intakes of bioactives was omitted in the new NAS Dietary Reference Intakes (DRI) model 

adopted for nutrients (Institute of Medicine 1998). The DRI Committee originally intended 

to address safe and adequate ranges of intakes of non-nutrient bioactive ingredients in foods 

and evidence about reduction of chronic disease risk. However, in the end it did not do so 

because it quickly recognized that the relationships between nutrient intakes and chronic 

disease risk were much more challenging to model than the relationships between nutrient 

adequacy to prevent deficiency disease and toxicity. The DRI model used the term “adequate 
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intake” (AI) differently. It now referred to the recommended average daily intake level of 

nutrients based on observed or experimentally determined approximations or estimates of 

nutrient intake by a group(s) of apparently healthy people assumed to be adequate when an 

RDA could not be determined. The new DRI model did not easily accommodate the likely 

effects of non-nutrient bioactives. It assumed that, like nutrients, bioactives had a relatively 

large effect and worked quickly, which might not be so for the smaller and slower effects 

of some non-nutrient bioactives. It also focused on functional indices of nutrient adequacy 

and toxicity and devoted little attention to biomarkers of chronic disease risk reduction or 

biomarkers of health. (Weaver, 2014).

In the early 2000s an ad hoc federal working group of representatives from all the relevant 

federal agencies was convened and led by the National Institutes of Health’s Office of 

Disease Prevention and Health Promotion. It defined bioactive components and explored 

next steps but failed to reach consensus on what to do next (U.S. DHHS, 2004). Conferees 

were uncertain about appropriate processes and standards for evaluating the safety and the 

efficacy of many DIs that were now permitted in dietary supplements and were reluctant to 

make recommendations until such standards were in place.

A private sector effort later produced one possible framework for developing a DRI like 

process for evaluating the safety and efficacy of bioactives. It included Joanne Lupton PhD, 

to whose memory this issue of the journal is devoted (Lupton et al., 2014). The criteria 

developed to evaluate a bioactive included an accepted definition, a reliable analytic method, 

a food database with known amounts of the bioactive, cohort studies, clinical trials on 

metabolic processes, clinical trials for dose-response and efficacy, safety data, systematic 

reviews and/or meta-analyses supporting the findings, and a plausible biological rationale. 

Another private sector group evaluated lutein using these criteria, found that it met them, and 

urged that recommendations be issued to encourage intakes of lutein-containing foods and 

raise public awareness about its potential health benefits (Ranard et al., 2017).

The next definitive step forward was development of authoritative recommendations on 

guiding principles for developing recommendations on decreasing chronic disease risk 

laid out in an FNB consensus report (National Academies of Sciences, Engineering, and 

Medicine, 2017). It described the principles involved and high quality evidence needed 

for making authoritative recommendations on decreasing chronic disease risk. The report 

established a new set of Dietary Reference Intakes (DRI) values, called ‘nutrients and 

other food substances’ (NOFS). The purpose of NOFS values was to provide estimated 

amounts of these compounds for reducing risk of specific chronic diseases with a full 

vetting of each bioactive by qualified experts, and to estimate the mounts associated with 

health benefits. The criteria and standards for demonstrating associations with chronic 

disease risk reduction recommended for the NOFS were identical for nutrients and non-

nutrients (National Academies of Sciences, Engineering, and Medicine, 2017). Current US 

regulations for making health claims on bioactives in dietary supplements do not require 

bioactives to document such associations using the specified principles and criteria before 

making qualified health claims or structure-function claims for bioactives. However, the 

report suggests a likely future regulatory direction for bioactives. Building on the Food 

and Nutrition Board’s (FNB) work, another framework was proposed in 2021 that included 
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a process for developing recommendations for intakes of bioactives. It was proposed by 

an ad hoc committee of the International Life Sciences Institute of North America (ILSI 

NA), that later continued its work under the aegis of the Institute for Advancement of 

Food and Nutrition Science (IAFNS). This more specific framework focused on developing 

recommendations for intakes of bioactive dietary substances in foods that were consistent 

with the FNB 2017 report (Yates et al., 2021). It emphasized four key decision-making 

steps in developing consumer guidance for intakes of bioactives in foods (Figure 2). These 

were: characterization of the bioactive; determination of the amounts in specific food 

sources, and quantification of intakes; evaluation of safety; quantification of the causal 

relationship between the specific bioactive and accepted markers of health or normal 

function using systematic evidence reviews and finally translation of the evidence into a 

quantified bioactive intake statement (Yates et al., 2021). One major omission in the 2021 

report was that the framework did not address the unique challenges involved with the safety 

and efficacy of bioactives in dietary supplements and traditional medicines that are discussed 

elsewhere in this article

6.2. Current status

At present, only a few bioactive ingredients in foods have approved (SSA “unqualified”) 

health claims. There are nearly two dozen qualified health claims subject to FDA’s 

enforcement discretion and dozens and dozens of structure-function claims on dietary 

supplements and foods.

7. What is needed for bioactives to demonstrate that they can play a 

larger role in chronic disease risk reduction?

If bioactives are to realize their potential for improving health and preventing chronic 

disease, action is needed on several fronts. Table 9 presents recommendations for improving 

the safety and efficacy assessment and dietary guidance about them. Key points are 

highlighted below.

7.1 Enhanced safety assessment

This era of increasingly interconnected and global supply chains requires product integrity, 

quality and safety assessment standards coupled with inspection, testing, data collection, 

monitoring surveillance and enforcement systems at national and international levels.

7.2 Evidence of efficacy in reducing chronic disease risk based on more rigorous clinical 
trials and studies

The efficacy of bioactives showing potential for improving health and decreasing chronic 

disease risk must be better assessed and documented (Sorkin et al., 2020; Sorkin et al., 2016; 

Ankliam et al., 2021). After all, claims about decreasing chronic disease risk imply effects 

appear to be drug like, at least under US law.
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7.3 Eventual development of authoritative guidance on bioactive intakes

Recommendations are available for a process to assess the safety and efficacy of bioactive 

ingredients to develop dietary recommendations on intakes of bioactives in foods (Yates et 

al 2021) (Weaver, 2014). However, intakes in dietary supplements and traditional medicines 

must still be addressed before authoritative guidance on intakes of specific bioactives for 

decreasing chronic disease risk can be crafted. In the meantime, much remains to be done by 

many actors to better convey information about bioactives to consumers. Scientists involved 

in bioactive research can help by eschewing overblown statements about bioactives that are 

then broadcast further over social media platforms (Antoakis, 2017). Health professionals 

can share evidence-based information about bioactives with the public (Rogge et al., 2022). 

Mass media can better vet and consumers can become more sophisticated in their evaluation 

of assertions about bioactives (Rowe and Alexander, 2022).

8. Conclusions

At present, only a few bioactives have “come of age” and conclusively demonstrated both 
their safety and efficacy. More bioactives must “grow up” if they are to play a larger role 

in health promotion and chronic disease prevention (Gundrum et al., 2022). More rigorous 

safety assessment of bioactive ingredients and mixtures is needed in dietary supplements 

and traditional medicines. It will be necessary to demonstrate that bioactives truly reduce 

chronic disease risk human clinical trials, especially for those in dietary supplements 

and traditional medicines using validated surrogate endpoints. Global harmonization of 

safety and efficacy assessment continues to be difficult to achieve but it is vital in this 

interconnected world, particularly for dietary supplements and traditional medicines. The 

recommendations provided for resolving the remaining challenges bioactives face may help 

them fill a larger future role in health promotion and chronic disease risk reduction.

The glad tidings that emerge from this review is that existing problems are fixable. Foods 

and diets are very much more complicated than a single compound or group of bioactives. 

They consist of complex mixtures of different bioactives, nutrients and many other 

compounds. Good health probably depends on consuming complex and varied mixtures 

of bioactives in foods every day. In addition to protective effects that some bioactives may 

provide, the mixtures help to tamp down the side effects of other natural products with 

negative effects that may be in the mix.
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Box 1

A Half Century of Efforts to Translate Intakes of Non-Nutrient Bioactives 
into Decreased Chronic Disease Risk in Humans

By the mid 20th century, antioxidant, and other functions of many non-nutrient bioactives 

were described in vitro, and cytochrome 450 enzymes in the liver were found to 

deactivate reactive molecules. Epidemiological studies later reported protective effects 

of plant-based diets containing them on chronic degenerative diseases

Hoping that bioactives might reverse oxidative or other types of human tissue damage 

and protect the body from xenobiotics with adverse effects, scientists fed experimental 

animals single bioactives thought to be the “magic bullets” responsible for beneficial 

effects using reductionist approaches based on drug discovery techniques with some 

promising results. However, difficulties arose in translating these findings to humans. 

The early randomized clinical trials of relatively short duration frequently failed to 

support effects reported in longer cohort studies (Weaver, 2014). Larger clinical trials 

were also often null and occasionally produced adverse effects, as in the Carotene and 

Retinol Efficacy Trial (CARET) study (Omenn et al., 1996). Also, many environmental 

factors other than diet such as compounds produced by sunlight, oxygen, cigarette 

smoke, and anaerobic exercise damaged human tissues. While liver enzymes deactivated 

some harmful xenobiotics, they activated some otherwise inert compounds, making 

them potentially dangerous. For example, work in the 1990s showed that polyphenols 

hydroxylated in one position up-regulated the activating enzymes, while others down-

regulated those same enzymes (Zhai et al 1998, Canivenc-Lavier et al 1996). The 

chemical means of damaging bodily structures clearly went far beyond oxidation or any 

other single process. morbidity and mortality associated with use of ephedra products in 

the early 2000s that led to its ban provided further evidence that bioactives could not be 

automatically assumed to be safe and effective became evident with the morbidity and 

mortality associated with ephedra product use in the early 2000s that eventually led to its 

ban in the US (Palamar, 2011).
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Figure 1. 
Different Regulatory Categories into which Bioactives are Placed in various countries
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Figure 2. 
Framework for Developing Recommended Intakes of Bioactive Dietary Substances in Foods 

(courtesy of IFANS).
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Table 1

Differences between nutrient and non-nutrient bioactives

Characteristic Nutrients Non-Nutrients

Chemical structures known Yes For some, not all

Xenobiotics Yes Yes

Multiple functions, pathways and targets known Yes Incomplete

Essential for human life Yes No but may have health effects

Functions and metabolism known Yes Incompletely described

Safety assessment models available and agreed upon 
internationally

Yes No

Adequate intakes known Yes No

Excessive intakes known Yes No

Efficacy assessment models available and agreed upon 
internationally

Yes No

Intakes reducing chronic disease risk known For some (dietary fiber, 
sodium, potassium)

Possibly for a few

Authoritative guidance on intakes is available in US Yes Not in US, but for selected bioactives in Korea 
and China (Lupton et al 2014)

Statutory definitions exist Yes No
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Table 2

Terms commonly used to describe ingredients and products containing non-nutrient bioactives.

Term Definition and examples

Functional ingredient Ingredients with positive effects or functions beyond those of nutrients alone.

Functional food A food claimed to have an additional beneficial function by adding new ingredients or more of existing 
ingredients that have this function. The term also applies to any modified food or food ingredient that 
may provide a health benefit beyond that of the traditional nutrients it contains, including foods with traits 
purposely bred into existing edible plants.

Nutraceutical A substance, food or part of a food and produces a health benefit (Das et al., 2012).

Traditional or herbal medicine 
(Chinese, Kampo, Ayurvedic and 
herbal medicines. Still others are 
called herbal medicines, plants, 
and plant extracts)

Products involving the knowledge, skills and practices based on the theories, beliefs, and experiences 
indigenous to different cultures, used in the maintenance of health and in the prevention, diagnosis, 
improvement, or treatment of physical and mental illness. (World Health Organization 2019)
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