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Primary healthcare (PHC) is the first level of care that provides basic medical services
to people in their own communities. Family doctors, local clinics, and community
health centers fall under this category. When it comes to drug—herb interactions,
PHC faces unique challenges. Herbal medicine usage is increasing globally, raising
the challenge of drug—herb interactions due to simultaneous administration with
modern pharmacological agents. Literature on drug—herb interactions is growing
but inadequately explored in the context of primary healthcare. This mini review
focuses on the concerns and challenges of drug—herb interactions in a primary
healthcare setup, taking into consideration patterns, high-risk scenarios, prediction
and assessment, and management strategies. It highlights the obstacles faced by
primary healthcare practitioners, including time and resource limitations, resource
and knowledge gaps, and difficulties in communication. In addition, it emphasizes
the need for organized approaches to screen the interactions using risk assessment
tools created for primary care and to enhance educational resources to ensure
patient safety and medical outcomes in a community-based healthcare setting. A
consolidated evidence matrix of drug—herb interactions from published research
articles is included, which can serve as a one-stop reference resource at the
point of care.
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Introduction

Primary healthcare is the foundation of healthcare delivery, offering easily accessible,
comprehensive, and orchestrated care to varied patient populations. It focuses on intersectoral
equity, participation, solidarity, and social justice collaboration (1-4). It also encompasses
real-life struggles anxieties, chronic diseases, mortality, and healthcare decisions people face.
Countries with advanced PHC generate the best health outcomes. Across the world, people
are drawn to traditional medicines to tackle their health conditions. For centuries, diverse
traditional systems of medicine (Ayurveda, Chinese, Siddha, Iranian, Unani, Acupuncture,
Korean, Ifa, and African) have used herbs as primary ingredients in medications. These herbs
are storehouses of phytochemicals, also known as secondary metabolites. Phytochemicals have
the potential to interact with modern pharmacological agents, sometimes leading to adverse
effects. It is estimated that approximately 80% of people worldwide use herbal medicine (5),
depending on cultural context and geographic location. This widespread use adds complexity
to the PHC ecosystem, necessitating systematic approaches and carefully thought-out
initiatives to ensure patient safety. Some countries, such as the Republic of Korea, have already
integrated traditional medicine with conventional medicine within their PHC systems (6-8).
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A cross-sectional survey conducted on 400 adults in England,
along with a patient cohort database at the American University
of Beirut Medical Center of the ambulatory clinics (9, 10),
indicated that the patient population visiting PHC facilities often
suffers from multiple comorbidities, has simultaneous
consultations with physicians of different medical systems, and
practices polypharmacy. This sets the stage for drug-herb
interactions that can go undetected and significantly impact the
treatment outcomes and patient safety. In this scenario, it is
imperative for healthcare providers at the PHC level to take
measures to screen patients for the use of herbal medications and
the potential drug-herb interactions. However, the majority of
PHC providers do not have adequate knowledge of herbal
medicine or its pharmacology (11).

The consequences of undetected interactions extend way
beyond the harm to the individual patient to a broader arena,
implying treatment failures, emergency department visits, and
healthcare expenditure. Drug-herb interactions (DHIs) can cause
toxicity, adverse effects, or even undesired therapeutic outcomes
(12). This review synthesizes published, peer-reviewed studies
that are clustered into thematic sections for better understanding.
It is unique in adopting a primary healthcare (PHC) lens focusing
on the operational realities of PHC settings rather than taking a
general approach. Supplementary data include a summary of
updated research on DHIs from published literature covering

prominent herbs and biomedicine.

Prevalence and patterns in primary
care

Patient demography and usage patterns

Traditional practitioners and herbal medications remain much
sought after as the tools for relief from and cure of several diseases
across the world. The use of traditional medical systems has been
approved by the WHO for inclusion into PHC (13). The most
vulnerable group in this setting is the elderly patients, as they are
on multiple medications for chronic conditions and simultaneously
consume herbal medicines, which have been a part of their
healthcare routine for decades. This population combines herbal
medications with prescription medicines, not realizing the
possibility of drug-herb interactions, thus compromising
treatment benefits or increasing the risk of adverse events (14-
16). Some examples of herbal supplements used for specific health
benefits include bitter melon or cinnamon for managing diabetes,
garlic for improving cardiovascular health, and various
adaptogenic herbs for maintaining general health and vitality
(17-19).

Expatriate populations further increase the complexity of the
PHC setting, as prescription medicines are often consumed alongside
traditional medicines. Such concurrent medication practices add to
the concerns about adverse drug reactions (20). Published research
demonstrates that medical students also consume herbal medicines
with little or no knowledge about such medicines and the potential
side effects (21). In several countries, such as Slovenia, there is an
extensive tradition of using herbal medicines (22).
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Primary healthcare and common herbal
products

Herbal products are plants and plant-derived substances (23).
Herbs are the main ingredients in several traditional medical
formulations in different practices of healing (24). The therapeutic
efficacy of herbal medicines has been supported by research in various
health conditions such as respiratory ailments, pain and inflammation,
digestive complaints, and immune dysregulation (25). The
phytochemicals vary from herb to herb, making it difficult to easily
predict potential drug-herb interactions. For example, Echinacea is
used to boost the immune system, ginger for digestive issues, and
Ginkgo biloba for cognitive function (26). Phytoecdysteroid-
containing herbal products (derived from spinach and quinoa) are
used by sportsmen and bodybuilders (27). Garlic is one of the most
sought-after food supplements to manage various health conditions,
including cardiovascular diseases. The antiplatelet, pro-circulatory,
and hypolipidemic effects of garlic are well-studied and researched. It
is also a known hepatoprotective and anti-cancerous agent with a
probable immunomodulating activity. Available forms of garlic range
from raw cloves to extracts of aged garlic, garlic oil, and oil macerate
(28). The other commonly used herb in primary healthcare is St. John’s
wort as a popular antidepressant (29). A total of 507 ginseng-
containing commercial herbal products are being sold across 6
continents in 12 countries (30). Ginseng is reported to have
interactions with insulin, anticoagulants, digoxin, and monoamine
oxidase inhibitors (31). Turmeric is consumed for its potential health
benefits in heart disease, arthritis, Alzheimer’s disease, gastrointestinal
disorders, and metabolic syndrome, with evidence obtained from
preclinical studies (32). Ephedra alkaloids are combined with caffeine
and used to enhance metabolism. Although ephedra extracts are used
in small quantities, 64% of herb-related adverse reactions related to
ephedra were reported to the California Poison Control Center (33).

Disclosure patterns

Patient disclosure patterns regarding herbal medicine use
represent a critical challenge in the PHC settings, with significant
implications for identifying and managing potential drug-herb
interactions. A national survey conducted in the United States
identified that 19% of adults used herbal products and dietary
supplements, and this could be even higher in the ethnic communities
(34). Data suggest that only 23-37% of Complementary and
Alternative Medicine (CAM) users disclosed at least one type of CAM
to their physician (35, 36). The herbal-drug/supplement (HDS)
disclosure rates are influenced by ethnic variations, with Asians and
Asian Americans having a possibility of inadequate disclosure. Studies
indicate that Hispanic and Asian Americans exhibit a low rate of
disclosure of HDS (21 to 31%) (37, 38). There is also variation in the
disclosure pattern depending on the age, number of visits, gender,
education, income, geographical region, insurance, self-rated health,
use of prescription medications, and the source of the medicine (39).
This non-disclosure phenomenon could be attributed to both patient
and physician characteristics (40-42). Poor communication is a major
problem in PHC, to the extent that a shared decision is very difficult.
As PHC is a user-centered healthcare model, complete disclosure is
beneficial (43).
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A survey of 59 attending physicians, 57 resident physicians, and 26
medical students concluded that they had minimal knowledge about
interactions and toxicities. Healthcare providers have limited training in
DHIs, and this supports the fact that they may not even ask the patients
for the details of HDS consumption (44). Healthcare providers often lack
sufficient training in herbal medicine pharmacology and may not
routinely inquire about supplement use during patient consultations.
Disclosure has been increasingly identified as a central challenge facing
patient management to prevent DHIs (45). The potential risks go
undetected at the earliest or most critical intervention point. If disclosure
rates can be increased, the associated potential risks of interaction can
be brought down significantly (46).

Patient communication barriers

Inadequate communication with the patients will have
consequences with regard to patient safety and survival. This
observation is supported by the risk management literature, where
70% of adverse events are connected to communication errors (47). A
conversation should be initiated with the patients to get the complete
medical history. Patients should be counseled about the usage of herbs
with an empathetic approach by the clinician. Efforts should be made
to enhance patient awareness concerning interactions or adverse
reactions and the appropriate use of the herbal supplements (48).

High-risk clinical scenarios in primary care

In primary care, management of chronic diseases presents a
significant challenge, concerned with drug-herb interactions. For
centuries, plants were an important source of antidiabetic drugs (49).
Patients on insulin or sulfonylureas who consume chromium
supplements, bitter melon, and fenugreek will drop to dangerously low
levels of blood sugar, owing to the enhanced hypoglycemic effects
(50). Ginseng affects the blood sugar, but variation was observed
across batches, varieties, species, and preparation (51). This makes the
hypoglycemic effect due to DHIs unpredictable.

Another clinical condition that is a matter of concern is
cardiovascular disease. Several herbs, such as garlic (52), ginkgo (53),
or dong quai supplements (54), are concurrently consumed by patients
on blood thinners and anticoagulants such as warfarin. As the anti-
coagulation effect increases, the risk of bleeding increases. Licorice
potentiates the oral and topical corticosteroids when taken
concurrently (52). This can lead to a health crisis. When a single dose
of hawthorn was administered along with digoxin, there was no
significant difference in the pharmacokinetics of digoxin. However,
there is no information on the outcome when the dose of hawthorn is
increased (55). In this case, the information is incomplete.

The best example is the interaction between selective serotonin
reuptake inhibitors (SSRIs) and St. John’s wort (56), which can cause
serotonin syndrome, which is a potentially life-threatening clinical
condition. The symptoms include autonomic instability, altered mental
status, and neuromuscular anomalies. The concurrent consumption
of benzodiazepine and green tea alters the benzodiazepine
pharmacokinetics (57). When cannabis is simultaneously consumed
with non-steroidal anti-inflammatory drugs (NSAIDs) and SSRIs,
extreme caution should be taken, as it modulates the antidepressant
effect, similar to citalopram (58). As the physician has no time to
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screen the use of supplements, this can have dire consequences. The
risk of interactions is specifically high in primary care, as the practice
of polypharmacy is on the rise. In patients on multiple medications,
several CYP450 substrates may compete with the enzyme inhibitors
or inducers of herbs, leading to unpredictable variations in drug
metabolism. When the pathways of the medicines and herbal
supplements are identical, it can cause an additive effect that can lead
to undesirable consequences. Polypharmacy is closely connected to
adverse events including drug reactions, mortality, falls, increased
hospitalization, and recurrence of symptoms (59-61).

Detection and assessment challenges

In a PHC setting, there are no routine questions asked that would
help identify possible interactions during medication reconciliation
(62). If at all, DHI has been detected, it may or may not be reported at
all. In the majority of the cases, the observed phenomenon cannot
be explained plausibly, and there is uncertainty about causality (63).

Establishing the identity of the herb and identifying the
phytochemicals responsible for DHI adds to the challenge. The
misidentification of the herbs is attributed to morphological similarities,
references, and local usage. The challenge is even more convoluted, owing
to variation in nomenclature due to linguistic diversity (64). The
phytochemicals, such as sterols, alkaloids, fatty acids, glycosides,
flavonoids, tannins, saponins, phenolics, and terpenes, are very potent
therapeutic agents (63). There are hundreds of organic chemicals in the
extract of a single plant. For example, from Panax ginseng, more than 28
ginsenosides were extracted, and each of them is associated with different
therapeutic effects. Several herbs are currently being researched to
understand and unravel the mechanism of action (65, 66). Accurate
detection of DHI is a challenge when the pathway of action of the
phytochemicals is unknown.

Operational constraints

In primary care, the existing environment is completely different
from what is available in specialty clinics, creating challenges to
address drug-herb interactions. There is a communication gap in
history taking and dissemination of knowledge regarding the regular
medications taken by the patient, owing primarily to the lack of time
(67). The building pressure of time constraints burns the physician
out, affecting the metrics and outcomes (68). The primary target is
disease management while balancing the assessment of drug-herb
interaction, regular monitoring of chronic diseases, prophylactic
approaches, mental health screening, and activities for health
maintenance. When a drug-herb interaction occurs, the adverse
events that unfold are also to be managed by the healthcare provider.
The risks must be identified and assessed, strategies must
be developed and adopted to reduce the risks, and evaluation must
be made a top priority (69).

Existing knowledge and gaps in training

The majority of the physicians trained in the West are not aware
of the risks and benefits of the primary healthcare setup (70). A
physician can become a reliable and informed healthcare provider
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FIGURE 1
Simple protocol to be followed in a PHC setting to address DHI.

Step 2.Check the DHI
app

Step 3.Educate the
patient

Step 4. Adverse event
monitoring

only by being well educated about CAM, especially owing to the
increased popularity of CAM (71). Physicians have limited knowledge
about CAM use, owing to insufficient exposure (72). It has been
observed that physicians underestimate the use of complementary
medicine by their patients (73).

Information resource challenge

Herbs are referred to as “natural,” and the general belief is that
they cannot cause any harm, leading to their widespread use without
caution (74). The commercialization of the herbal products is
happening so rapidly that doctors and pharmacists find it difficult to
validate their use. The problem is further aggravated by knowledge
gaps about regulation and labeling (75). Knowledge-based approaches
can be followed to address the extensive amount of information
available on DHIs. For example, Kinney (76) developed an expert
system that used a microcomputer to assess interactions in patients
who were hospitalized. In addition, taking into consideration the risks
involved, studies state that an absence or decreased level of knowledge
of interactions can lead to deleterious and fatal outcomes (77).

Evidence quality levels
There are significant challenges faced by PHCs in evidence quality

for drug-herb interactions owing to the research limitations, gaps in
methodology, and barriers in conducting a systematic investigation.
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The researchers must emphasize the need for population-based, large-
scale studies to create standardized assessment protocols and models
that include traditional systems and the public to completely
understand the pattern of usage. By doing so, appropriate patient
awareness programs considering cultural practices can be developed.
Figure 1 suggests a simple protocol to be followed in the PHC settings
to address DHI.

Recent advancements in drug—herb
interaction management

The recent developments in drug-herb interaction management
depict both technological advancement and the challenges in the
protocol implementation. Specialized medication reconciliation tools
are currently a part of the enhanced electronic health record (EHR)
systems. There are separate apps for herbal supplements to check the
possibility of interactions, supported by the Agency for Healthcare
Research and Quality (AHRQ)-funded digital health initiatives.
Medication reconciliation requirements have been reinforced, thus
creating several safety check modules. The disclosure rates and
patterns of usage have been updated, and the current data reveal that
they are very low at 25-33% (78).

There is also disparity among the Asian and Asian American
populations (21-31%). Numerous initiatives in policy such as the
draft guidance on labeling of drug interactions by the FDA’ (79)
ICH MI12 have also emerged. The pharmacovigilance systems
enhanced by systematic reviews analyzing adverse events were
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published in August 2024 (80). Database performance was
improved using UpToDate Lexidrug, obtaining 0.98 positive
predictive values for the identification of DHIs. In spite of all these
efforts, there still exist gaps, specifically in a primary healthcare
setting, that need to be addressed.

Scope and boundaries of the review

This mini review focuses only on PHC settings and the
multifaceted challenges owing to DHIs in a community clinical
environment. The investigation encompasses major domains: patterns
of usage and behavior, diagnostic complexities, and barriers and
constraints across various healthcare systems. To have a consistent
methodological rigor, the review excludes unpublished institutional
reports, individual anecdotes, and non-peer-reviewed literature. The
supplementary evidence data were compiled systematically exclusively
through searches in the PubMed database. The commonly used herbs
with documentation on concurrent use with modern drugs in clinical
practice were included.

Future directions and recommendations

Population-based studies in PHC settings are the need of the
hour to authenticate screening protocols and enhance EHR
documentation systems. Herbal pharmacology training must
become mandatory in medical education curricula, not an optional
supplement. At every PHC center, validated patient questionnaires
on supplement use should be incorporated to create minimum
competency standards and DHI-specific quality metrics. The
evidence is irrefutable: structured change from inconsistent
provider-dependent assessment to standardized protocols is crucial
for patient safety. The drug-herb interaction matrix in
Supplementary Table 1 is an example of how a ready reckoner can
be created and regularly updated to aid PHC physicians to
proactively identify DHIs. Immediate access to data is possible
without literature searches.

Conclusion

DHIs present as a growing concern, owing to multiple
complexities. Data from clinical trials, both in vivo and in vitro, should
be considered for use with caution. Patient and physician education
and awareness regarding DHIs in the PHC setting are mandatory to
avoid fatal outcomes.

References

1. Thomas P. Comprehensive primary health care: a new phase? London ] Prim Care.
(2008) 1:87-9. doi: 10.1080/17571472.2008.11493216

Frontiers in Medicine

05

10.3389/fmed.2025.1657005

Author contributions

SM: Investigation, Writing - original draft, Methodology, Data
curation. RP: Writing - review & editing, Methodology, Visualization.
ZP: Writing - review & editing, Supervision.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported by the
Amrita Vishwa Vidyapeetham (University) to cover the Article Processing
Cost as a Faculty Grant - Sanction File Number - PVO/Pubn/2025/324.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1657005/
full#supplementary-material

SUPPLEMENTARY TABLE 1

Updated published research on drug-herb interaction, from PubMed (added
as supplement).

2. Binagwaho A, Adhanom Ghebreyesus T. Primary healthcare is cornerstone of
universal health coverage. BMJ. (2019) 365:12391. doi: 10.1136/bmj.12391

frontiersin.org


https://doi.org/10.3389/fmed.2025.1657005
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2025.1657005/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1657005/full#supplementary-material
https://doi.org/10.1080/17571472.2008.11493216
https://doi.org/10.1136/bmj.l2391

Metal.

3. White E Primary health care and public health: foundations of universal health
systems. Med Princ Pract. (2015) 24:103-16. doi: 10.1159/000370197

4. World Health Organization. Primary health care. Geneva: WHO (2024).

5. Ekor M. The growing use of herbal medicines: issues relating to adverse reactions and
challenges in monitoring safety. Front Pharmacol. (2014) 4:177. doi: 10.3389/fphar.2013.00177

6. El-Dahiyat E, Rashrash M, Abuhamdah S, Abu Farha R, Babar ZU. Herbal
medicines: a cross-sectional study to evaluate the prevalence and predictors of use
among Jordanian adults. ] Pharm Policy Pract. (2020) 13:2. doi:
10.1186/s40545-019-0200-3

7. World Health Organization Regional Office for South-East Asia. Integrating
traditional medicine in health care. New Delhi: WHO (2024).

8. Ge W, Fitie GW. Magnitude and determinant factors of herbal medicine utilization
among mothers attending their antenatal Care at Public Health Institutions in Debre
Berhan town, Ethiopia. Ethiopia front. Public Health. (2022) 10:10. doi:
10.3389/fpubh.2022.883053

9. Agbabiaka TB, Spencer NH, Khanom S, Goodman C. Prevalence of drug-herb and
drug-supplement interactions in older adults: a cross-sectional survey. Br ] Gen Pract
[Internet]. (2018) 68:e711-7. doi: 10.3399/bjgp18X699101

10. Doumat G, Daher D, Itani M, Abdouni L, Khalil A, Assaf G. The effect of
polypharmacy on healthcare services utilization in older adults with comorbidities: a
retrospective  cohort  study. BMC  Prim  Care. (2023) 24:120. doi:
10.1186/512875-023-02070-0

11. Guthrie B, Makubate B, Hernandez-Santiago V, Dreischulte T. The rising tide of
polypharmacy and drug-drug interactions: population database analysis 1995-2010.
BMC Med. (2015) 13:74. doi: 10.1186/s12916-015-0322-7

12. Czigle S, Nagy M, Mladénka P, Téth J, Oemonom S. Pharmacokinetic and
pharmacodynamic herb-drug interactions-part I. Herbal medicines of the central
nervous system. Peer]. (2023) 11:e16149. doi: 10.7717/peerj.16149

13. Silveira D, Prieto JM, Freitas MM, Mazzari ALDA. Herbal medicine and public
healthcare: current and future challenges In: V Cechinel Filho, editor. Natural products
as source of molecules with therapeutic potential. Cham: Springer (2018). 495-515.

14. Blalock SJ, Gregory PJ, Patel RA, Norton LL, Callahan LF, Jordan JM. Factors
associated with potential medication-herb/natural product interactions in a rural
community. Altern Ther Health Med. (2009) 15:26-34. Available online at: https://pmc.
ncbi.nlm.nih.gov/articles/ PMC5467436/

15. Canter PH, Ernst E. Herbal supplement use by persons aged over 50 years in
Britain: frequently used herbs, concomitant use of herbs, nutritional supplements and
prescription drugs, rate of informing doctors and potential for negative interactions.
Drugs Aging. (2004) 21:597-605. doi: 10.2165/00002512-200421090-00004

16. Elmer GW, Lafferty WE, Tyree PT, Lind BK. Potential interactions between
complementary/alternative products and conventional medicines in a Medicare
population. Ann Pharmacother. (2007) 41:1617-24. doi: 10.1345/aph.1K221

17. Tachjian A, Maria V, Jahangir A. Use of herbal products and potential interactions
in patients with cardiovascular diseases. JACC. (2010) 55:515-25. doi:
10.1016/j.jacc.2009.07.074

18. Azizah N, Halimah E, Puspitasari IM, Hasanah AN. Simultaneous use of herbal
medicines and antihypertensive drugs among hypertensive patients in the community:
a review. ] Multidiscip Healthc. (2021) 14:259-70. doi: 10.2147/JMDH.S289156

19. Fasinu PS, Rapp GK. Herbal interaction with chemotherapeutic drugs-a focus on
clinically significant findings. Front Oncol. (2019) 9:1356. doi: 10.3389/fonc.2019.01356

20. Awortwe C, Makiwane M, Reuter H, Muller C, Louw J, Rosenkranz B. Critical
evaluation of causality assessment of herb-drug interactions in patients. Br J Clin
Pharmacol. (2017) 83:679-93. doi: 10.1111/bcp.13490

21. Hon KLE, Leung TE, Tse HM, Lam LN, Tam KC, Chu KM, et al. A survey of
attitudes to traditional Chinese medicine among Chinese medical students. Am J Chin
Med. (2005) 33:269-79. doi: 10.1142/50192415X05002904

22. Krsnik S, Erjavec K. Factors influencing use of medicinal herbs. J Patient Exp.
(2024) 11:23743735241241181. doi: 10.1177/23743735241241181

23. Chrysant SG, Chrysant GS. Herbs used for the treatment of hypertension and their
mechanism of action. Curr Hypertens Rep. (2017) 19:77. doi: 10.1007/s11906-017-0775-5

24.Liu X, Zhang M, He L, Li Y. Chinese herbs combined with Western medicine for
severe acute respiratory syndrome (SARS). Cochrane database Syst Rev. (2012)
10:CD004882. doi: 10.1002/14651858.CD004882.pub2

25. Kaefer CM, Milner JA. The role of herbs and spices in cancer prevention. ] Nutr
Biochem. (2008) 19:347-61. doi: 10.1016/j.jnutbio.2007.11.003

26. Sharifi-Rad M, Mnayer D, Morais-Braga MFB, Carneiro JNP, Bezerra CF,
Coutinho HDM, et al. Echinacea plants as antioxidant and antibacterial agents: from
traditional medicine to biotechnological applications. Phytother Res. (2018) 32:1653-63.
doi: 10.1002/ptr.6101

27. Lapenna S, Gemen R, Wollgast J, Worth A, Maragkoudakis P, Caldeira S. Assessing
herbal products with health claims. Crit Rev Food Sci Nutr. (2013) 55:1918-28. doi:
10.1080/10408398.2012.726661

28. Amagase H, Petesch BL, Matsuura H, Kasuga S, Itakura Y. Intake of garlic and its
bioactive components. J Nutr. (2001) 131:9555-62S. doi: 10.1093/jn/131.3.955S

Frontiers in Medicine

10.3389/fmed.2025.1657005

29. Ang CYW, Cui Y, Chang HC, Luo W, Heinze TM, Lin LJ, et al. Determination of
St. John's wort components in dietary supplements and functional foods by liquid
chromatography. ] AOAC Int. (2002) 85:1360-9. doi: 10.1093/jaoac/85.6.1360

30. Ichim MC, de Boer HJ. A review of authenticity and authentication of commercial
ginseng herbal medicines and food supplements. Front Pharmacol. (2021) 11:612071.
doi: 10.3389/fphar.2020.612071

31. Sellami M, Slimeni O, Pokrywka A, Kuvaci¢ G, Hayes LD, Milic M, et al. Herbal
medicine for sports: a review. ] Int Soc Sports Nutr. (2018) 15:14. doi:
10.1186/s12970-018-0218-y

32. Singletary K. Turmeric: an overview of potential health benefits. Nutr Today.
(2010) 45:216-25. doi: 10.1097/NT.0b013e3181f1d72¢

33.Bent S, Tiedt TN, Odden MC, Shlipak MG. The relative safety of ephedra
compared with other herbal products. Ann Intern Med. (2003) 138:468-71. doi:
10.7326/0003-4819-138-6-200303180-00010

34. Sencan M, Dogan NO. Development of coagulopathy and pancreatitis due to saw
palmetto used for urinary symptoms. Anatol ] Emerg Med. (2024) 7:91-4. doi:
10.54996/anatolianjem.1291882

35.Barnes PM, Powell-Griner E, McFann K, Nahin RL. Complementary and
alternative medicine use among adults: United States, 2002. Adv Data. (2004) 2:54-71.
doi: 10.1016/j.sigm.2004.07.003

36. Eisenberg DM, Kessler RC, Van Rompay MI, et al. Perceptions about
complementary therapies relative to conventional therapies among adults who use both:
results from a national survey. Ann Intern Med. (2001) 135:344-51. doi:
10.7326/0003-4819-135-5-200109040-00011

37.Robinson A, McGrail MR. Disclosure of CAM use to medical practitioners: a
review of qualitative and quantitative studies. Complement Ther Med. (2004) 12:90-8.
doi: 10.1016/j.ctim.2004.09.006

38. Kuo GM, Hawley ST, Weiss LT, Balkrishnan R, Volk R]. Factors associated with
herbal use among urban multiethnic primary care patients: a cross-sectional survey.
BMC Complement Altern Med. (2004) 4:18. doi: 10.1186/1472-6882-4-18

39. Mikhail N, Wali S, Ziment I. Use of alternative medicine among Hispanics. ] Altern
Complement Med. (2004) 10:851-9. doi: 10.1089/acm.2004.10.851

40. Mehta DH, Gardiner PM, Phillips RS, McCarthy EP. Herbal and dietary
supplement disclosure to health care providers by individuals with chronic conditions.
J Altern Complement Med. (2008) 14:1263-9. doi: 10.1089/acm.2008.0290

41. Lambert BL, Butin DN, Moran D, Zhao SZ, Carr BC, Chen C, et al. Arthritis care:
comparison of physicians’ and patients’ views. Semin Arthritis Rheum. (2000) 30:100-10.
doi: 10.1053/sarh.2000.9203

42. Crock RD, Jarjoura D, Polen A, Rutecki GW. Confronting the communication gap
between conventional and alternative medicine: a survey of physicians’ attitudes. Altern
Ther Health Med. (1999) 5:61-6.

43. Nora CRD, Beghetto MG. Patient safety challenges in primary health care: a scoping
review. Rev Bras Enferm. (2020) 73:¢20190209. doi: 10.1590/0034-7167-2019-0209

44. Guzman JR, Paterniti DA, Liu Y, Tarn DM. Factors related to disclosure and
nondisclosure of dietary supplements in primary care, integrative medicine, and
naturopathic medicine. J Fam Med Dis Prev. (2019) 5:109. doi:
10.23937/2469-5793/1510109

45. Suchard JR, Suchard MA, Steinfeldt JL. Physician knowledge of herbal toxicities
and adverse herb-drug interactions. Eur ] Emerg Med. (2004) 11:193-7. doi:
10.1097/01.mej.0000134721.72356.f7

46. Adams J, Sibbritt D, Broom A, Wardle J, Steel A, Murthy V, et al. Research capacity
building in traditional, complementary and integrative medicine: Grass—roots action
towards a broader vision. (2012) Paul Graves London;275-281.

47. Guttman OT, Lazzara EH, Keebler JR, Webster KLW, Gisick LM, Baker AL.
Dissecting communication barriers in healthcare: a path to enhancing communication
resiliency, reliability, and patient safety. J Patient Saf. (2021) 17:e1465-71. doi:
10.1097/PTS.0000000000000541

48. Ajazuddin A, Saraf S. Legal regulations of complementary and alternative medicines in
different countries. Pharmacogn Rev. (2012) 6:154. doi: 10.4103/0973-7847.99950

49. Salehi B, Ata A, Kumar NVA, Sharopov F, Ramirez-Alarcén K, Ruiz-Ortega A,
et al. Antidiabetic Potential of Medicinal Plants and Their Active Components.
Biomolecules. (2019) 9:551. doi: 10.3390/biom9100551

50. Bumrungpert A, Pavadhgul P, Chongsuwat R, Komindr S. Nutraceutical improves
glycemic control, insulin sensitivity, and oxidative stress in hyperglycemic subjects: a
randomized, double-blind, placebo-controlled clinical trial. Nat Prod Commun. (2020)
15:687. doi: 10.1177/1934578X20918687

51. Yuan HD, Kim JT, Kim SH, Chung SH. Ginseng and diabetes: the evidence from
in vitro, animal and human studies. | Ginseng Res. (2012) 36:27-39. doi:
10.5142/jgr.2012.36.1.27

52. Fugh-Berman A. Herb-drug interactions. Lancet. (2000) 355:134-8. doi:
10.1016/S0140-6736(99)06457-0

53. Sierpina VS, Wollschlaeger B, Blumenthal M. Ginkgo biloba. Am Fam Physician.
(2003) 68:923-6. Available online at: https://www.aafp.org/pubs/afp/issues/2003/0901/
p923.html

frontiersin.org


https://doi.org/10.3389/fmed.2025.1657005
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1159/000370197
https://doi.org/10.3389/fphar.2013.00177
https://doi.org/10.1186/s40545-019-0200-3
https://doi.org/10.3389/fpubh.2022.883053
https://doi.org/10.3399/bjgp18X699101
https://doi.org/10.1186/s12875-023-02070-0
https://doi.org/10.1186/s12916-015-0322-7
https://doi.org/10.7717/peerj.16149
https://pmc.ncbi.nlm.nih.gov/articles/PMC5467436/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5467436/
https://doi.org/10.2165/00002512-200421090-00004
https://doi.org/10.1345/aph.1K221
https://doi.org/10.1016/j.jacc.2009.07.074
https://doi.org/10.2147/JMDH.S289156
https://doi.org/10.3389/fonc.2019.01356
https://doi.org/10.1111/bcp.13490
https://doi.org/10.1142/S0192415X05002904
https://doi.org/10.1177/23743735241241181
https://doi.org/10.1007/s11906-017-0775-5
https://doi.org/10.1002/14651858.CD004882.pub2
https://doi.org/10.1016/j.jnutbio.2007.11.003
https://doi.org/10.1002/ptr.6101
https://doi.org/10.1080/10408398.2012.726661
https://doi.org/10.1093/jn/131.3.955S
https://doi.org/10.1093/jaoac/85.6.1360
https://doi.org/10.3389/fphar.2020.612071
https://doi.org/10.1186/s12970-018-0218-y
https://doi.org/10.1097/NT.0b013e3181f1d72c
https://doi.org/10.7326/0003-4819-138-6-200303180-00010
https://doi.org/10.54996/anatolianjem.1291882
https://doi.org/10.1016/j.sigm.2004.07.003
https://doi.org/10.7326/0003-4819-135-5-200109040-00011
https://doi.org/10.1016/j.ctim.2004.09.006
https://doi.org/10.1186/1472-6882-4-18
https://doi.org/10.1089/acm.2004.10.851
https://doi.org/10.1089/acm.2008.0290
https://doi.org/10.1053/sarh.2000.9203
https://doi.org/10.1590/0034-7167-2019-0209
https://doi.org/10.23937/2469-5793/1510109
https://doi.org/10.1097/01.mej.0000134721.72356.f7
https://doi.org/10.1097/PTS.0000000000000541
https://doi.org/10.4103/0973-7847.99950
https://doi.org/10.3390/biom9100551
https://doi.org/10.1177/1934578X20918687
https://doi.org/10.5142/jgr.2012.36.1.27
https://doi.org/10.1016/S0140-6736(99)06457-0
https://www.aafp.org/pubs/afp/issues/2003/0901/p923.html
https://www.aafp.org/pubs/afp/issues/2003/0901/p923.html

Metal.

54. Page RL, Lawrence JD. Potentiation of warfarin by dong quai. Pharmacother.
(1999) 19:870-6. doi: 10.1592/phco.19.10.870.31558

55. Tankanow R, Tamer HR, Streetman DS, Smith SG, Welton JL, Annesley T, et al.
Interaction study between digoxin and a preparation of hawthorn (Crataegus
oxyacantha). ] Clin Pharmacol. (2003) 43:637-42. doi: 10.1177/0091270003253417

56. Nicolussi S, Drewe J, Butterweck V, Meyer Zu Schwabedissen HE. Clinical
relevance of St. John's wort drug interactions revisited. Br J Pharmacol. (2020)
177:1212-26. doi: 10.1111/bph.14936

57. Srinivasa DGB, Kadiri SK. Interaction risk: green tea consumption in patients
taking alprazolam. Drug Metab Bioanal Lett. (2024) 17:104-13. doi:
10.2174/0118723128366248250206081121

58. Petersen MJ, Bergien SO, Staerk D. A systematic review of possible interactions for
herbal medicines and dietary supplements used concomitantly with disease-modifying
or symptom-alleviating multiple sclerosis drugs. Phytother Res. (2021) 35:3097-118. doi:
10.1002/ptr.7050

59. Milton JC, Hill-Smith I, Jackson SHD. Prescribing for older people. BMJ. (2008)
336:606-9. doi: 10.1136/bmj.39503.424653.80

60. Caughey GE, Roughead EE, Pratt N, Shakib S, Vitry Al, Gilbert AL. Increased
risk of hip fracture in the elderly associated with prochlorperazine: is a prescribing
cascade contributing? Pharmacoepidemiol Drug Saf. (2010) 19:977-82. doi:
10.1002/pds.2009

61. Caughey GE, Roughead EE, Vitry AI, McDermott RA, Shakib S, Gilbert AL.
Comorbidity in the elderly with diabetes: identification of areas of potential
treatment conflicts. Diabetes Res Clin Pract. (2010) 87:385-93. doi:
10.1016/j.diabres.2009.10.019

62. Clayton D. Commentary: reporting and assessing evidence for interaction: why,
when and how? Int ] Epidemiol. (2012) 41:707-10. doi: 10.1093/ije/dys069

63.Zhang J, Wider B, Shang H, Li X, Ernst E. Quality of herbal medicines:
challenges and solutions. Complement Ther Med. (2012) 20:100-6. doi:
10.1016/j.ctim.2011.09.004

64. Fugh-Berman A, Ernst E. Herb-drug interactions: review and assessment of report
reliability. Br J Clin Pharmacol. (2001) 52:587-95. doi: 10.1046/j.0306-5251.2001.01469.x

65. Rotblatt M, Ziment I. Evidence-based herbal medicine. Philadelphia: Hanley &
Belfus Inc (2002).

66. Wang ZG, Ren J. Current status and future direction of Chinese herbal medicine.
Trends Pharmacol Sci. (2002) 23:347-8. doi: 10.1016/s0165-6147(02)02051-5

Frontiers in Medicine

07

10.3389/fmed.2025.1657005

67. Foley H, Steel A, Cramer H, Wardle J, Adams J. Disclosure of complementary
medicine use to medical providers: a systematic review and meta-analysis. Sci Rep.
(2019) 9:1573. doi: 10.1038/s41598-018-38279-8

68. Tariq RA, Vashisht R, Sinha A, Scherbak Y. Medication dispensing errors and
prevention: StatPearls. Treasure Island, FL: StatPearls Publishing (2025).

69. Prasad K, Poplau S, Brown R, Yale S, Grossman E, Varkey AB, et al. Time pressure
during primary care office visits: a prospective evaluation of data from the healthy
workplace study. J Gen Intern Med. (2020) 35:465-72. doi: 10.1007/s11606-019-05343-6

70. De Smet PA. Clinical risk management of herb-drug interactions. Br J Clin
Pharmacol. (2007) 63:258-67. doi: 10.1111/j.1365-2125.2006.02797.x

71. Clement YN, Williams AF, Khan K, Bernard T, Bhola S, Fortuné M, et al. A gap between
acceptance and knowledge of herbal remedies by physicians: the need for educational
intervention. BMC Complement Altern Med. (2005) 5:20. doi: 10.1186/1472-6882-5-20

72. Frenkel M, Ben-Arye E, Hermoni D. An approach to educating family practice
residents and family physicians about complementary and alternative medicine.
Complement Ther Med. (2004) 12:118-25. doi: 10.1016/j.ctim.2004.07.044

73. Giveon SM, Liberman N, Klang S, Kahan E. A survey of primary care physicians'
perceptions of their patients' use of complementary medicine. Complement Ther Med.
(2003) 11:254-60. doi: 10.1016/50965-2299(03)00114-6

74. Risberg T, Kolstad A, Johansen A, Vingerhagen K. Opinions on and use of
alternative medicine among physicians, nurses and clerks in northern Norway. In Vivo.
(1999) 13:493-8.

75. Owens C, Toone T. A survey of dietary supplement knowledge, attitudes, and use
in a rural population. ] Nutr Food Sci. (2014) 4:304. doi: 10.4172/2155-9600.1000304

76. Homer PM, Mukherjee S. Lay theories and consumer perceptions of dietary
supplements. ] Consum Behav. (2019) 18:363-77. doi: 10.1002/cb.1776

77. Dores AR, Peixoto M, Castro M, Sa C, Carvalho IP, Martins A, et al. Knowledge
and beliefs about herb/supplement consumption and herb/supplement-drug interactions
among the general population, including healthcare professionals and pharmacists: a
systematic review and guidelines for a smart decision system. Nutrients. (2023) 15:2298.
doi: 10.3390/nu15102298

78. Agency for Healthcare Research and Quality. Medication reconciliation. Rockville,
MD: AHRQ (2008).

79. U.S. Food and Drug Administration. M12 drug interaction studies. Rockville, MD:
FDA (2024).

80. Kongkaew C, Phan DTA, Janusorn P, Mongkhon P. Estimating adverse events
associated with herbal medicines using pharmacovigilance databases: systematic review
and meta-analysis. JMIR Public Health Surveill. (2024) 10:e63808. doi: 10.2196/63808

frontiersin.org


https://doi.org/10.3389/fmed.2025.1657005
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1592/phco.19.10.870.31558
https://doi.org/10.1177/0091270003253417
https://doi.org/10.1111/bph.14936
https://doi.org/10.2174/0118723128366248250206081121
https://doi.org/10.1002/ptr.7050
https://doi.org/10.1136/bmj.39503.424653.80
https://doi.org/10.1002/pds.2009
https://doi.org/10.1016/j.diabres.2009.10.019
https://doi.org/10.1093/ije/dys069
https://doi.org/10.1016/j.ctim.2011.09.004
https://doi.org/10.1046/j.0306-5251.2001.01469.x
https://doi.org/10.1016/s0165-6147(02)02051-5
https://doi.org/10.1038/s41598-018-38279-8
https://doi.org/10.1007/s11606-019-05343-6
https://doi.org/10.1111/j.1365-2125.2006.02797.x
https://doi.org/10.1186/1472-6882-5-20
https://doi.org/10.1016/j.ctim.2004.07.044
https://doi.org/10.1016/s0965-2299(03)00114-6
https://doi.org/10.4172/2155-9600.1000304
https://doi.org/10.1002/cb.1776
https://doi.org/10.3390/nu15102298
https://doi.org/10.2196/63808

	Drug–herb interactions: a challenge and clinical concern in primary healthcare
	Introduction
	Prevalence and patterns in primary care
	Patient demography and usage patterns
	Primary healthcare and common herbal products
	Disclosure patterns
	Patient communication barriers
	High-risk clinical scenarios in primary care
	Detection and assessment challenges
	Operational constraints
	Existing knowledge and gaps in training
	Information resource challenge
	Evidence quality levels
	Recent advancements in drug–herb interaction management
	Scope and boundaries of the review
	Future directions and recommendations

	Conclusion

	References

