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Abstract

Warning labels help consumers understand product risks, enabling informed decisions. Since the 

1966 introduction of cigarette warning labels in the United States, research has determined the 

most effective message content (health effects information) and format (brand-free packaging with 

pictures). However, new challenges have emerged. This article reviews the current state of tobacco 

warning labels in the United States, where legal battles have stalled pictorial cigarette warnings 

and new products such as electronic cigarettes and synthetic nicotine products pose unknown 

health risks. This article describes the emerging research on cannabis warnings; as more places 

legalize recreational cannabis, they are adopting lessons from tobacco warnings. However, its 

uncertain legal status and widespread underestimation of harms impede strict warning standards. 

The article also reviews opioid medication warning labels, suggesting that lessons from tobacco 

could help in the development of effective and culturally appropriate FDA-compliant opioid 

warning labels that promote safe medication use and increased co-dispensing of naloxone.
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1. INTRODUCTION

Consumer products should ideally be harm free. However, many of these products 

involve health risks. Warning labels are messages attached to a product or packaging that 

communicate the potential dangers of the product when these dangers cannot be eliminated 

through product design (87). Warnings should, at a minimum, include a “signal word” 

(such as “Warning!”), a description of the nature of the hazard and/or consequences (what 
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will happen if the warning is not followed), and instructions (what to do to reduce or 

eliminate the hazard) (90). How these pieces of information are presented to maximize the 

effectiveness of the warnings has been researched extensively across various disciplines, 

from human factor design and engineering to communication and public health. This article 

focuses on warning labels on three types of substances: tobacco (here, commercial and not 

traditional or ceremonial tobacco), cannabis, and opioid medications.

These three products are similar in that they have inherent health risks, but they differ 

in the benefits and harms that need to be communicated to potential or existing users. 

Tobacco, particularly its most prevalent method of use—smoking—is the leading cause 

of preventable death and disease globally and has no medical benefits. Despite potential 

health benefits (e.g., reduced nausea for cancer patients) and increasing public opinion that 

cannabis is low risk, cannabis use can also have negative health impacts. Opioid medications 

are approved drugs, although they have significant potential for abuse. Thus, the purposes of 

warning labels on these three products differ along the continuum from deterrence (tobacco) 

to informed use (opioids), with cannabis arguably somewhere in between. The following 

sections review the history of warnings for each product and summarize research and the 

current state of warnings, focusing on the United States but adding global examples as 

appropriate.

2. TOBACCO PRODUCTS

2.1. Cigarette Warning Labels

In the second half of the twentieth century, as evidence of the harmful health effects of 

smoking accumulated, calls for warning labels on cigarettes began to emerge. Although 

text warning labels in the United States were first proposed as early as 1957 and pictorial 

warnings (in the form of a skull and crossbones) as early as 1959 (75, 102, 103), the 

warnings were not enacted into law until 1965. They first appeared on the side of the 

cigarette packs in 1966.

The tobacco industry played a major role in delaying and weakening the warnings. In the 

United States, the originally proposed warnings mentioned specific diseases (cancer and 

heart disease) and death (104). Through political pressure, the industry successfully reduced 

the initial warning to “Caution: Cigarette Smoking May Be Hazardous to Your Health.” 

Concurrently, the tobacco industry successfully lobbied for local or state governments to be 

prohibited from passing any laws related to warnings on cigarette packaging or advertising 

(12). Similarly, in many other countries, the tobacco industry delayed the implementation 

of warning label policies. The threat of litigation was sometimes enough to delay the 

implementation of strengthened warnings by several years, as with the New Zealand plain 

packaging law, which increased the size of the warnings and required brand colors and logos 

to be removed from the packs and replaced with a single color (19).

Cigarettes in the United States currently carry one of four warning labels, which were last 

updated in 1985. The 2009 Family Smoking Prevention and Tobacco Control Act (TCA) 

gave the US Food and Drug Administration (FDA) authority to regulate tobacco products; it 

also established the text of nine new warning labels and tasked the FDA to develop pictorial 
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warnings to accompany them. In the TCA, the new labels were required to cover 50% 

of the front and back of cigarette packs and 20% of advertisements. The FDA complied 

and developed the first nine pictorial warnings slated to appear on cigarette packs in 2012. 

However, tobacco companies sued, and, in two different cases, the court upheld the FDA’s 

authority to create warning labels (25) but struck down these specific labels (86). Legal 

and public health literature describes the nuances of these cases and criticizes the decisions 

(21, 61, 101). The FDA decided not to appeal the ruling but to develop a new set of 

warnings, which it eventually did in 2020 (spurred by a lawsuit from public health and 

medical organizations and individual doctors). The new set of 11 warnings was supposed 

to go into effect in 2021, but tobacco companies sued again, and a federal judge first 

postponed the implementation multiple times and eventually ruled that this set of warnings 

also violated tobacco companies’ First Amendment rights. It was a partial ruling, similar 

to two earlier cases in which the specific warnings were struck down; however, this time, 

the court declined to rule on the constitutionality of the FDA’s overall authority to require 

pictorial warning labels. On February 1, 2023, the FDA appealed the district court’s decision 

to the Fifth Circuit (84).

The legal saga regarding pictorial warnings on cigarettes in the United States continues. 

Mean-while, other countries have introduced increasingly large warning labels that spread 

from the side of the pack to the front and the back of the pack and are subsequently required 

to fill an increasingly higher percentage of the pack’s surface: 30%,50%,80%,and even 

90%.Iceland was the first to introduce pictorial warnings in 1985 (49). Australia in 2012 and 

15 other countries since then (70) began requiring plain or standardized packaging. This is 

the latest stage in the evolution of warning labels, where large warnings appear on packs 

from which the brand colors and logos have been removed, and all packs, regardless of 

brand, come in a single color (frequently, drab olive).

In addition to warnings on the outside of the pack, some countries have used inserts or 

onserts (small pieces of paper packed inside the pack or under the cellophane on the outside 

of the pack) to communicate warning messages. Further innovations have been proposed, 

such as putting warnings on cigarette sticks themselves, intended to reduce the appeal of 

cigarettes and motivate quitting (47, 50). Canada is implementing a policy to put warnings 

on individual cigarettes (starting in 2024), the first country to do so (Figure 1).

2.2. Warnings on Alternative Tobacco Products

As smoking rates declined in the United States and other high-income countries, tobacco 

companies introduced novel tobacco products, such as electronic cigarettes (e-cigarettes, 

also called vapes), snus, dissolvables, and, more recently, heated tobacco products and 

nicotine pouches. To avoid FDA regulation, some of the products (predominantly e-

cigarettes and nicotine pouches) have included claims that they contain synthetic instead of 

tobacco-derived nicotine, and some have modified the warning labels to advertise that claim 

(63). In 2022, the US Congress extended the FDA’s authority to cover synthetic nicotine 

to address this latest marketing tactic (98).Because these alternative tobacco products are 

new and their long-term health harms are largely unknown, the required US government 

warnings have been limited to informing users about the presence of nicotine, such as 
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“WARNING: This product contains nicotine. Nicotine is an addictive chemical.” Canada 

introduced a warning that more directly addresses health harms: “WARNING: Vaping 

products release chemicals that may harm your health.” In addition, several jurisdictions 

(Israel, the Netherlands, and the Canadian province of British Columbia) require plain 

packaging for e-cigarettes (70).

Cigarettes are a lethal consumer product that kills half of its users; noncombustible 

alternative tobacco products expose users to lower amounts of some harmful chemicals 

and are likely to reduce harm to smokers if smokers switched to alternative tobacco products 

completely. Thus, there have been calls to put this information (that specific products 

are less harmful than cigarettes) on warning labels for alternative tobacco products. For 

example, studies have examined replacing e-cigarette warning labels with comparative risk 

messages (18), such as “Use of this product is much less harmful than smoking” (59). This 

comparative risk message was found to reduce perceptions of harm and addictiveness of 

e-cigarettes in both smokers and nonsmokers (59). In 2011, R.J. Reynolds filed a citizen 

petition requesting the FDA to allow a change in the language for one of the smokeless 

tobacco warnings from “WARNING: This product is not a safe alternative to cigarettes” to 

“WARNING: No tobacco product is safe, but this product presents substantially lower risks 

to health than cigarettes.” The FDA denied this petition, stating that the current warning 

is factual and not misleading and that there was not enough evidence that the proposed 

warnings would promote a greater public understanding of the harms of smokeless tobacco.

In the United States, companies that want to advertise their products as less harmful than 

other products (usually cigarettes) can apply for a modified risk (or modified exposure) 

claim authorization. The FDA has approved several such applications, for example, a 

modified risk claim for General Snus (“Using General Snus instead of cigarettes puts 

you at a lower risk of mouth cancer, heart disease, lung cancer, stroke, emphysema, and 

chronic bronchitis”) and a modified exposure claim for a heated tobacco product IQOS (e.g., 

“Scientific studies have shown that switching completely from conventional cigarettes to the 

IQOS system significantly reduces your body’s exposure to harmful or potentially harmful 

chemicals”). However, it should be noted that these claims are not meant to replace the 

warnings; all these products still carry the required warnings.

Recent studies in multiple countries have examined relative risk messages. Most of this 

research focused on e-cigarettes. A systematic review of quantitative studies concluded 

that relative risk messages reduced the perceived harm of e-cigarettes and sometimes 

increased smokers’ intentions to use e-cigarettes (27). However, multiple challenges of 

communicating relative risk were revealed, particularly in qualitative studies. Specifically, 

smokers interpreted unknown risks of e-cigarettes as potentially worse than the known risks 

of cigarettes; they did not always clearly understand what “switching completely” meant and 

were skeptical about the reduced risk claims and message source (81, 107).

In summary, warning labels on cigarettes have been extensively studied both in experimental 

settings (7, 78) and in the real world (77); these studies show that large pictorial warnings in 

combination with plain packaging are effective at increasing harm perceptions and changing 

behavior. The evolution of alternative tobacco products requires continuous research on 
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how to best communicate their harms, both absolute and relative to the most dangerous 

consumer product, cigarettes. This research has informed warnings on other substances, such 

as cannabis.

3. CANNABIS

Nonmedical recreational cannabis is becoming increasingly available as a retail consumer 

product in North America. Canada legalized recreational cannabis nationally in 2018 (36). In 

the United States, as of 2023, recreational cannabis was allowed in 23 states and the District 

of Columbia (39, 41, 45, 110). Legalization of recreational cannabis represents an important 

shift in drug policy with implications for consumer health.

With the legalization of cannabis, consumers in the United States increasingly view cannabis 

as not very harmful (46, 55). In turn, lower cannabis risk perceptions have been linked 

with higher rates of cannabis use (10, 89). While cannabis has demonstrated health benefits 

in limited medical situations (e.g., reduced nausea for cancer patients; 8, 92), cannabis 

use can have negative health impacts. For example, cannabis can impair motor function 

(40), and co-use of cannabis and alcohol is associated with greater risk of auto collisions 

(6, 14). Secondhand cannabis smoke raises the levels of psychoactive elements [i.e., 

tetrahydrocannabinol (THC)] in nonsmokers’ blood, including that of children (51, 111), 

and may have cardiovascular effects comparable to environmental tobacco smoke (108). 

Despite these risks, public polling shows that substantial proportions of US consumers either 

are unaware of or underestimate the health risks of cannabis (54, 67), which highlights the 

importance of informing the public about them (110).

As more jurisdictions legalize recreational cannabis, they are adopting lessons from tobacco 

health warning research. For instance, Canada requires cannabis packaging to display a 

universal cannabis symbol, THC and CBD (i.e., cannabidiol) information, and text-only 

health warning messages about potential harms (Figure 2) (36). The warning messages 

address topics such as general risks (e.g., worsened mental health), risks from specific 

products (e.g., edibles), or risks for priority populations, such as adolescents and pregnant 

women (35). The warning messages must be printed in black text on yellow background 

with font sizes equal to the brand name. In addition, the warnings must be displayed 

prominently and apart from product information (36). Canadian regulations for labeling and 

packaging are arguably the most comprehensive consumer cannabis regulations worldwide 

(43).

In the United States, the legal status of cannabis and cannabis policies at the federal and 

state levels differs. To date, cannabis is a prohibited Schedule 1 substance at the federal 

level in the United States (105). However, recreational cannabis has been legalized in 23 

US states. In addition, while all US jurisdictions allowing recreational cannabis require 

health warnings on packaging, the content, size, and placement of the warnings vary by 

jurisdiction (3, 11, 91). For example, policy analyses of cannabis warning labels from the 

first four US states to legalize recreational use (e.g., Colorado, Washington, Oregon, and 

Alaska) found that labels varied by state, but most labels failed to meet standards consistent 

with protecting public health, such as large pictorial warnings on the front and back of 
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packaging, as recommended by the World Health Organization’s Framework Convention 

on Tobacco Control (5, 79, 80, 109). Given the legal uncertainty surrounding cannabis in 

the United States, no comprehensive regulatory framework has been adopted for cannabis 

warning labels.

There is an ongoing scholarly debate about the best way to inform consumers about the risks 

of using cannabis. Some scholars have argued for approaches informed by tobacco control 

policies, including mandating graphic warnings on plain packaging (2, 5, 79, 80). Others 

have argued for milder warnings that would focus on responsible use, similar to warnings on 

alcohol products (74). Both sides agree, however, on the need for research on best practices 

to inform consumers about the health effects of cannabis, especially as cannabis becomes 

increasingly available as a retail product (56).

3.1. Real-World Effects of Cannabis Warnings

In tobacco research, studies evaluated the effects of new or strengthened warnings on 

behavior (77). Because cannabis warnings in most jurisdictions came into effect alongside 

legalization, to our knowledge, there have been no studies on the effects of cannabis 

warnings on behavior. However, studies examined key precursors to behavioral effects, 

specifically whether a consumer notices and recalls labels, in the real world.

The International Cannabis Policy Study (ICPS) is a quasi-experimental study using 

repeated cross-sectional surveys to assess cannabis-use outcomes in Canada and the United 

States (44). A population-based ICPS survey of 16–65-year-olds in Canada and the United 

States (illegal and legal jurisdictions) was collected in 2018, before Canadian cannabis 

legalization, and again in 2019. Canadian respondents reported an 8.9% increase in levels of 

noticing cannabis warnings during that period, from 5.8% in 2018 to 14.7% in 2019 (33). 

Canadian warnings included mandated features (e.g., description of specific harms, black 

text on yellow background, prominent font).US jurisdictions showed modest increases in 

noticing from 2018 to 2019, with respondents in legal US jurisdictions reporting a 3.2% 

increase (13.9% to 17.1%) and those in illegal jurisdictions showing a 2.8% increase (5.9% 

to 8.7%).

Another ICPS survey of 16–65-year-olds from Canada and the United States (legal and 

illegal jurisdictions) measured free recall of cannabis warnings in 2018, 2019, and 2020. The 

analytical sample was current cannabis consumers (i.e., past 12 months) who were asked 

if they recalled seeing cannabis warnings on products in the past 12 months. Those who 

answered “yes” were asked to describe the warnings, and open-ended responses were coded 

for accuracy. For the Canadian respondents, accurate free recall of at least one cannabis 

warning increased from 5% in 2018 (prior to legalization) to 13% in 2019 (postlegalization) 

and to 15% in 2020 (34). The results from these international population-based surveys 

indicate that mandating warnings on consumer cannabis products was associated with higher 

levels of notice and free recall, both key antecedents for effects on behavior.

3.2. Testing Features of Hypothetical Cannabis Health Warnings

Research also continues to evaluate features of cannabis warnings to determine best 

practices for warning design. These studies typically develop hypothetical warning labels 
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to gauge reactions to different warning features, such as warning themes or format (pictures 

versus text).

3.2.1. Warnings themes. Several studies in Canada and the United States exposed 

participants to warnings with different themes and assessed perceived message effectiveness, 

most frequently measured as believability and sometimes as the extent to which the warning 

made one think about reducing cannabis use (62, 72, 82, 112). Warnings about health 

harms were rated as most believable: for example, cannabis harms for pregnancy (62), brain 

development (72, 112), or impaired driving (82). In contrast, warnings focused on addiction 

(62, 72, 82, 112) or psychosis (82) were rated as least believable. Moreover, participants 

who saw any warnings rated cannabis smoking as more harmful than the no-warning 

condition, indicating that warning exposure impacted risk perceptions (82). Of note, the 

warnings used in these experiments were adapted from existing Canadian (62, 72, 112) or 

US warnings (82).

3.2.2. Pictures versus text. Tobacco research shows that pictorial health warnings are 

more effective than text-only warnings in impacting attitudes and behavior (42). Several 

studies compared the effects of pictorial and text-only warnings for cannabis. For instance, 

an experiment in Canada in 2017—one year before legalization—assigned 16–30-year-olds 

to view hypothetical pictorial (versus text-only) cannabis warnings (62). Warnings in the 

experiment were black text on a yellow background and described different harms (e.g., 

harms of impaired driving, smoke toxicity, harm to mental health). Pictorial warnings 

(versus text-only) were rated higher on perceived effectiveness and believability—two key 

constructs for developing warning labels (76, 78)—and this finding was consistent across 

different portrayed harms.

An experiment conducted in 2020 with 18–26-year-olds in the United States found that a 

warning that enhanced the existing Californian warning with a picture resulted in greater 

negative emotions, greater accuracy in recall of the warning information, and greater 

perceived message effectiveness compared with either the mandated California text-only 

warning or a mock text-only warning that added text about mental health to the existing 

Californian warning (58).

A 2017 discrete choice experiment of adults (age 21+) living in US states with legal 

recreational cannabis exposed participants to hypothetical cannabis products with randomly 

varied warning types (e.g., no warning, text-only warning, pictorial warning about impaired 

driving, and FDA disclaimer about cannabis) (93).The warning content was derived from 

Colorado and Washington state text warnings and adapted FDA content about cannabis 

harms. Notably, the driving warning was the only one with an image, and the warning 

read “Drive High: Get a DUI.” Results found that participants (never and past-year 

nonconsumers) would be more likely to purchase cannabis products with pictorial warnings 

compared with no-warning attributes. The study authors noted that this counterintuitive 

finding could have been due to the novelty of the warning with an image or that the image 

was not graphic enough to dissuade the purchase.
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Overall, research on warning labels for cannabis products is growing but so far has mostly 

examined only limited outcomes, such as noticing and remembering warnings in real-world 

studies and perceived effectiveness (e.g., how believable and convincing the warnings are) 

instead of actual effectiveness in controlled experiments. In addition, the content of cannabis 

warning messages—particularly in hypothetical studies—varies widely, and results should 

be interpreted with that variation in mind. Future studies need to investigate the effects of 

warnings on perceptions of harm, addictiveness, attitudes toward the products, behavioral 

intentions, and, ultimately, behavior and need to examine warnings on various cannabis 

products (e.g., flower, vape liquids, edibles).

4. OPIOID MEDICATIONS

Opioids refer to a class of drugs with pain-relieving therapeutic, as well as euphoric, effects. 

While international efforts have been made to decriminalize and legalize the sale of some 

forms of opioids, commonly referred to as illicit or street drugs (e.g., heroin), this article 

focuses on the labeling of opioid medications for medicinal purposes (e.g., hydrocodone, 

morphine, methadone, oxycodone, fentanyl) (22, 38). The distribution, packaging, and 

marketing of opioids are highly regulated worldwide. This section examines evolving efforts 

to enhance patient understanding of the effects and risks of opioid medications when 

dispensed using warning labels in combination with educational materials and packaging.

4.1. Changes to Labeling, Packaging, and Distribution

Opioids hold a valuable place in the history of medicine, yet historical trends and the 

current opioid overdose crisis indicate that opioids are utilized for more than their medicinal 

purposes despite regulatory efforts to control their distribution and use. Opioid medications 

are valued for their ability to attenuate the body’s pain response and are often sought outside 

of clinical settings for their euphoric benefits. As a result, unregulated exposure to opioids 

has been linked to increased potential for misuse throughout history. A 1924 US public 

health report surmised, “It is believed that the trend of addiction in this country for the past 

six decades has paralleled very closely the quantities of narcotics available, as represented 

by the average annual importations” (60, p. 1197). Today, just as it was more than a century 

ago, rising opioid consumption has catalyzed labeling reform responses from government 

agencies, particularly in the United States. US opioid prescribing peaked in 2012, with 

substantial variation in dispensing persisting today across counties and states. In the last 

24 years, more than 600,000 individuals in Canada and the United States have died from 

opioid-involved overdose (53). While opioid medications are not the main driver of the 

current opioid overdose crisis, they remain a key component, presenting in the toxicology 

of 16,706 fatal opioid-involved overdoses in 2021 (73). The excess use of opioid medication 

needs to be curbed while enhancing patient understanding of risks through various avenues, 

including medication labels and packaging.

Iterations of US legislation have sought to curb access to opioids outside of medical 

settings and to enhance labels for better transparency and patient understanding of risks. 

Key changes to opioid labeling to inform American consumers came in 1906 under the 

Pure Food and Drug Act, which required opium and derivatives to be labeled and listed on 
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medications and consumer products (85). In tandem with increasing transparency through 

labels, regulators actively worked to reduce exposure to opioids. The Harrison Narcotics 

Tax Act, implemented in 1915, required prescriptions from medical providers for opioids 

to be dispensed to patients and mandated recordkeeping for physicians and pharmacists 

who dispensed opioids (16). This approach aimed to remove access to opioids through 

commercial markets. Over time, legislation specified that when prescriptions were filled, the 

package labels must include the dispenser’s name and registry number; the serial number of 

the prescription; the name and address of the patient; and the name, address, and registry 

number of the practitioner issuing the prescription. Further regulation over the twentieth 

century in the United States, including the Federal Food, Drug and Cosmetic Act of 1938, 

the Durham-Humphrey Amendment of 1951, the Kefauver-Harris Amendments of 1962, and 

the Controlled Substances Act of 1970, required specific language to be included on opioid 

labels, reading “Warning—May be habit forming” and “Caution: Federal law prohibits 

dispensing without prescription,” as well as an indication for the use of medication and side 

effects; however, it provided no guidance on where or how that information should appear 

(26,52,97,99).Regulation of opioid labeling and marketing continues into the twenty-first 

century.

4.2. Current Requirements for Medication Warnings

Regulators continue to institute labeling changes and warnings on opioid medications. 

Boxed warnings, also known as black box warnings, are the highest, boldest safety-related 

warning required by the FDA on opioid medications, which seek to bring consumers’ 

awareness to major risks (37). Standardized class-wide language is required to be used on 

boxed warnings to communicate to consumers that opioids hold serious risks of misuse and 

abuse, which can lead to addiction, overdose, and even death (Figure 3) (28, 30). Indications 

for prolonged use of extended-release and long-acting opioid medications outlined on 

prescription medication inserts have been narrowed. These indications clarify that opioids 

carry risk for the development of neonatal opioid withdrawal syndrome when taken during 

pregnancy and opioid-induced hyperalgesia (e.g., increased pain and sensitivity) (17, 28, 

30). Box warnings on package inserts advise patients of interactions with central nervous 

system depressants (e.g., benzodiazepines) and how tablets should not be broken, chewed, 

crushed, or dissolved as doing so may cause rapid release of the drug, which could be fatal. 

The distribution, labeling, and dispensing of opioid medications have evolved to enhance 

transparency and communicate an ever-lengthening list of warnings. As a result, warnings 

are often found in medication packaging or patient leaflets rather than on the label. Little 

is known about how effective these approaches are in enhancing patient understanding of 

medication uses and risks.

Similar to regulations for warnings on other substances (e.g., tobacco), medication labels, 

packaging, and marketing-related regulations have been subject to influence by special 

interest groups and manufacturers. One of the most egregious examples was OxyContin. 

When this medication first appeared on the market, the producers ensured that its packaging 

stated that iatrogenic addiction was very rare if opioids were used in the management of 

pain. This false narrative was echoed in their marketing materials (106). FDA labeling 

mandates have since evolved from diminishing risks for addiction to now communicating 
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risks and actionable solutions for mitigating poor outcomes. The FDA recently mandated 

that opioid medication packaging include a recommendation that patients and caregivers 

discuss with their clinician whether naloxone, a potentially life-saving opioid-involved 

overdose reversal medication, should be obtained (29). The number of warnings on opioid 

medications continues to expand, yet government agencies provide little guidance on how 

information should be presented to impact patient outcomes.

There has been little evaluation of how changes to opioid medication labels and packaging 

have shifted prescribing and overdose trends. The FDA requires manufacturers of extended-

release and long-acting opioid medication to provide voluntary continuing education for 

prescribers on the Risk Evaluation and Mitigation Strategy and to create medication guides 

to inform patients about opioid medication risks (23). Research has been inconclusive on 

whether these efforts reduce inappropriate prescribing or improve patient outcomes (48, 

88). Education is not mandated for prescribers and dispensers on effectively communicating 

to patients about the indications and risks of opioid medications. Empirical evaluations 

of governmental efforts to enhance patient understanding of the safe medical use of 

opioid prescriptions through packaging and accompanying educational materials to curb 

the ongoing global opioid overdose crisis are warranted.

4.3. Challenges to Communicating Medication Risks

Manufacturers and dispensers must meet government labeling standards worldwide, yet 

there are no consistent guidelines on the most effective labels. Regulators require black 

box warnings on certain medications, including opioids, that highlight contraindications, 

precautions, and warnings. However, the location, length, and contents of warnings differ 

by country (9, 57, 94). The optimal medication warning label is well-designed, clearly 

states patient-centered medication information, and can enhance patient understanding of 

appropriate use (52). Research shows that written instructions in large font, at a fifth-

grade reading level, with information grouping, sufficient white space, and typographic 

cues (e.g., bullet points, bold font) are most useful in communicating risks, dosing, 

and benefits to patients (71). Results concerning the use of icons and containers for 

medications have been mixed (71, 95). Barriers to patient understanding persist, including 

health literacy, consumers being dispensed multiple medications, language proficiency, and 

vision impairment (4, 24). Despite these research efforts to improve how patients consume 

information on medication labeling, few studies on enhancing opioid-specific labels have 

been conducted.

Most opioid-dispensing patient-centered research has been on supplementing label 

and packaging information with enhanced patient education. Providing patient-centered 

educational materials and follow-up text messages showed mixed success in enhancing 

patient understanding of opioid-related risks compared with labels alone (65, 66). Rather 

than improving opioid medication labels, interventions have centered on increasing naloxone 

dispensing and the disposal of excess medication to prevent misuse, overdose, and death 

through additional supplementary written patient-education interventions, personalized 

communication via text messages, and multimedia campaigns that communicate opioid-

related risks using narratives (1, 13, 32, 68). Regulators continue to expand the number 
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of warnings required on opioid medications with little guidance on how to effectively 

communicate these new risks to patients. Simultaneously, researchers persistently test time-

intensive and not necessarily easily scalable patient-centered educational interventions that 

do little to optimize the physical labeling, packaging, and dispensing of opioids to patients.

Significant barriers remain to placing effective warnings on opioid medication labels. All 

medication labels face a challenge to prioritize text on limited label real estate, with 

much of the required language on medication safety crammed onto package inserts and 

patient information leaflets (31, 96). Many patients do not read instructions on package 

inserts, and those who do find the information hard to understand (113, 114). As many as 

one in two patients find medication labels difficult to read and report not understanding 

medication risks based on their reading of the labels (83). Most medication labels use 

very small fonts and overemphasize unnecessary information, such as the pharmacy logo 

(95). Limitations in most pharmacy-based printer capabilities (e.g., color, fonts) further 

hinder opportunities to redesign label content and incorporate icons or pictograms. The 

need for standardized patient-centered labeling on opioid medications remains a persistent 

challenge in high-volume pharmacies that need to efficiently dispense numerous classes of 

medications.

4.4. Opportunities to Enhance Labels and Dispensing

Opioid medication labels and inserts are a major source of vital information on benefits, 

risks, and safe use for patients and their caregivers. This vital information is often 

inconsistent across dispensing locations and is difficult to comprehend by patients (96). 

Changes to opioid medication warnings continue to evolve as regulators seek to include 

the most up-to-date and pertinent information on potential risks and solutions to mitigate 

poor outcomes, yet limited space on labels and packaging, in tandem with a lack of 

patient comprehension of and engagement with the dispensing materials, creates problems. 

Research on how evolving changes to warnings impact patient outcomes is needed. 

While best practices for enhancing label and package insert readability for patients are 

well established, less information exists on how they apply to opioid medications. Using 

personalized communication and audiovisual tools shows increasing promise for enhancing 

safe use, risk mitigation, and disposal of opioid medications; however, future clinical trial 

research is needed with opioid medication warnings, as have been conducted with tobacco 

and cannabis.

Concerted efforts have focused on developing tamper-resistant, or abuse-deterrent, 

formulations of opioids that could be marketed and labeled as “safer” than traditional 

immediate and extended-release medications (69). Safety language on labels echoes 

comparative risk messaging being implemented in tobacco products. It remains unclear 

how enhanced safety benefits of these emerging medication formulations would be 

received by patients. Internationally, clinicians and regulators recognize the importance 

of opioid medication warning labels as an opportunity to ensure safe use of prescription 

opioids by patients (64). Developing and implementing effective labeling, packaging, and 

accompanying dispensing strategies capable of overcoming known challenges to patient 

understanding and communication of mandated warnings remain elusive.

Popova et al. Page 11

Annu Rev Public Health. Author manuscript; available in PMC 2025 July 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5. CONCLUSIONS

This article has reviewed the history of developments in and the current state of warning 

labels for three substances: tobacco, cannabis, and opioid medications. Tobacco warning 

labels have the longest history and provide the template for research and policy in other 

areas. The tobacco industry’s resistance and legal challenges to cigarette warning labels 

indicate that the warnings passed the “scream test” (20) and are an effective tobacco 

control measure. For novel tobacco products (e.g., e-cigarettes) or cannabis, if the science 

demonstrates evidence of serious health harms, warnings need to be developed that 

communicate these harms and that are in line with the standards of effective warnings (large 

pictorial warnings that cover both the front and back of the pack, in the language of the 

country, and frequently changed to avoid a wear-out effect) (109).

Warning labels exist not in a vacuum but in tandem with policies, public education 

campaigns, and other interventions. Such is the case for all three substances reviewed here. 

While it is important to continue developing more effective warning labels and working to 

implement them (as is the case with cigarette pictorial warnings), in the larger scheme of 

things, it might not matter as much, particularly in the tobacco landscape. In the United 

States, the reduction in smoking rates has been a tremendous public health success, with 

smoking rates at 11.5% for adults in 2021 (15). This decrease has been achieved with 

old warnings in combination with smoke-free policies, taxes, communication campaigns, 

and other efforts to denormalize smoking. However, the rates might have been even lower 

had the pictorial warnings been implemented on schedule. Estimates show that a 10-year 

delay in implementing the pictorial warnings might have cost ~179,000 lives (100). Because 

implementation is not in sight yet, this number will likely grow.

Findings from tobacco labeling research are being integrated into the labeling of other 

substances, notably for cannabis. Evaluation efforts are needed to discern future potential 

public health benefits from labels in communicating and mitigating risks among consumers. 

Given the dynamic and uneven regulatory landscape for retail cannabis products in the 

United States, it is unclear how variations in cannabis product labeling may influence use 

behaviors across jurisdictions. The diverse forms of cannabis products (e.g., flower, vapes, 

edibles, drinks, lotions) and an uncertain legal environment highlight the need for more 

research to determine how to effectively communicate risks to consumers.

Aggressive marketing from manufacturers and special interest groups has resulted in a 

need to effectively communicate the risks of these substances to consumers in succinct and 

effective ways. Future research examining the effects of warnings on perceptions of harms, 

addictiveness, attitudes toward the products, behavioral intentions, and, ultimately, behavior 

across cannabis products and opioid medications is needed. Research must then be translated 

into practical labeling changes from regulatory agencies. Research on opioid-related risks 

over the past two decades has resulted in an increasing number of warnings attached to 

opioid medication labels and inserts and in narrowing indications for use. Despite the 

increasing length of warnings, little research has examined how patients consume and 

utilize this information on their medications or how these labels could be formatted to 

mitigate risks. As the number of cannabis consumers increases and prescription opioid-
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involved overdoses persist, optimized labeling presents an effective and scalable public 

health intervention.

Effective warning labels on substances must clearly communicate risks to consumers. In the 

case of cannabis and opioid medications, there is an additional need for labels and product 

language to indicate proper use and approaches to reduce risks for adverse effects and poor 

outcomes. Special interest groups and manufacturers have hindered the implementation of 

evidence-based labeling approaches capable of achieving these goals. Continued investments 

in rigorously evaluating the benefits of labeling and packaging of tobacco, cannabis, and 

opioid medications for individuals, health systems, and communities are warranted.

ACKNOWLEDGMENTS

Support for Z.B.M.’s appointment was provided, in part, by the NextGen Precision Health Institute.

LITERATURE CITED

1. Agarwal AK, Lee D, Ali Z, Wu Y, Cognilio M, et al. 2022. Effect of mailing an at-home disposal kit 
on unused opioid disposal after surgery: a randomized clinical trial. JAMA Netw. Open 5:e2210724 
[PubMed: 35522286] 

2. Al-Hamdani M, Joyce KM, Park T, Cowie ME, Stewart SH. 2021. Cannabis packaging: an 
opportunity for facilitating informed decisions. J. Consumer Aff. 55:1150–68

3. Allard NC, Kruger JS, Kruger DJ. 2023. Cannabis advertising policies in the United States: 
state-level variation and comparison with Canada. Cannabis Cannabinoid Res. 8:505–9 [PubMed: 
36459118] 

4. Bailey SC, Shrank WH, Parker RM, Davis TC, Wolf MS. 2009. Medication label improvement: an 
issue at the intersection of health literacy and patient safety. J. Commun. Healthc. 2:294–307

5. Barry RA, Glantz SA. 2017. Lessons from tobacco for developing marijuana legalization policy. 
Rep., Cent. Tob. Control Res. Educ., Univ. Calif., San Francisco. http://www.escholarship.org/uc/
item/87j477b7

6. Biecheler M-B, Peytavin J-F, SAM Group, Facy F, Martineau H. 2008. SAM survey on “Drugs and 
Fatal Accidents”: search of substances consumed and comparison between drivers involved under 
the influence of alcohol or cannabis. Traffic Inj. Prev. 9:11–21 [PubMed: 18338290] 

7. Brewer NT, Hall MG, Noar SM, Parada H, Stein-Seroussi A, et al. 2016. Effect of pictorial cigarette 
pack warnings on changes in smoking behavior: a randomized clinical trial. JAMA Intern. Med. 
176:905–12 [PubMed: 27273839] 

8. Bridgeman MB, Abazia DT. 2017. Medicinal cannabis: history, pharmacology, and implications for 
the acute care setting. Pharm. Ther. 42:180–88

9. Buckley NA, Rossi S. 2011. Bringing greater transparency to “black box” warnings. Clin. Toxicol. 
49:448–51

10. Cameron L, Williams J. 2001. Cannabis, alcohol and cigarettes: substitutes or complements? Econ. 
Rec. 77:19–34

11. Cannabis Regul. Assoc. 2022. CANNRA submits response to the discussion 
draft of the Cannabis Administration and Opportunity Act. Lett Sept. 
23, CANNRA. https://www.cann-ra.org/news-events/cannra-issues-letter-to-congress-highlighting-
regulatory-issues-which-impact-state-and-federal-priorities-2tk8l

12. CDC (Cent. Dis. Control Prev.). 2012. Selected actions of the U.S. government regarding the 
regulation of tobacco sales, marketing, and use (excluding laws pertaining to agriculture or excise 
tax). Regulation. http://www.cdc.gov/tobacco/data_statistics/by_topic/policy/legislation/

13. Chen Y, Wang Y, Nielsen S, Kuhn L, Lam T. 2020. A systematic review of opioid overdose 
interventions delivered within emergency departments. Drug Alcohol Depend. 213:108009 
[PubMed: 32580113] 

Popova et al. Page 13

Annu Rev Public Health. Author manuscript; available in PMC 2025 July 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



14. Chihuri S, Li G, Chen Q. 2017. Interaction of marijuana and alcohol on fatal motor vehicle crash 
risk: a case-control study. Inj. Epidemiol. 4:8 [PubMed: 28286930] 

15. Cornelius ME, Loretan CG, Jamal A, Davis Lynn BC, Mayer M, et al. 2023. Tobacco product use 
among adults—United States, 2021. MMWR 72:475–83 [PubMed: 37141154] 

16. Courtwright DT. 2009. Dark Paradise: A History of Opiate Addiction in America. Cambridge, MA: 
Harvard Univ. Press

17. Covvey JR. 2015. Recent developments toward the safer use of opioids, with a focus on 
hydrocodone. Res. Soc. Adm. Pharm. 11:901–8

18. Cox S, Frings D, Ahmed R, Dawkins L. 2018. Messages matter: The Tobacco Products 
Directive nicotine addiction health warning versus an alternative relative risk message on smokers’ 
willingness to use and purchase an electronic cigarette. Addict. Behav. Rep. 8:136–39 [PubMed: 
30263928] 

19. Crosbie E, Thomson G. 2018. Regulatory chills: tobacco industry legal threats and the politics of 
tobacco standardised packaging in New Zealand. N. Z. Med. J. 131:25–41

20. Cunningham R 2022. Tobacco package health warnings: a global success story. Tob. Control 
31:272–83 [PubMed: 35241600] 

21. Curfman G 2021. Graphic cigarette warning labels, the First Amendment, and public right to 
accurate public health information: graphic cigarette warning labels back under legal scrutiny. 
JAMA Health Forum 2:e212886 [PubMed: 36218662] 

22. Darke S, Farrell M. 2014. Would legalizing illicit opioids reduce overdose fatalities? Implications 
from a natural experiment. Addiction 109:1237–42 [PubMed: 24456133] 

23. Darrow JJ, Avorn J, Kesselheim AS. 2020. FDA approval and regulation of pharmaceuticals, 
1983–2018. JAMA 323:164–76 [PubMed: 31935033] 

24. Davis TC, Federman AD, Bass PF 3rd, Jackson RH, Middlebrooks M, et al. 2009. Improving 
patient understanding of prescription drug label instructions. J. Gen. Intern. Med. 24:57–62 
[PubMed: 18979142] 

25. Discount Tobacco City & Lottery, Inc. v. United States Food & Drug Admin., 674 F.3d 509 (6th 
Cir. 2012)

26. Donohue J 2006. A history of drug advertising: the evolving roles of consumers and consumer 
protection. Milbank Q. 84:659–99 [PubMed: 17096638] 

27. Erku DA, Bauld L, Dawkins L, Gartner CE, Steadman KJ, et al. 2021. Does the content and source 
credibility of health and risk messages related to nicotine vaping products have an impact on harm 
perception and behavioural intentions? A systematic review. Addiction 116:3290–303 [PubMed: 
33751707] 

28. FDA (Food Drug Adm.). 2018. New safety measures announced for immediate release 
(IR) opioids. Information by Drug Class. https://www.fda.gov/drugs/information-drug-class/new-
safety-measures-announced-immediate-release-ir-opioids

29. FDA (Food Drug Adm.). 2020. FDA requiring labeling changes for opioid pain 
medicines, opioid use disorder medicines regarding naloxone. News Release, July 
23. https://www.fda.gov/news-events/press-announcements/fda-requiring-labeling-changes-opioid-
pain-medicines-opioid-use-disorder-medicines-regarding

30. FDA (Food Drug Adm.). 2023. New safety measures announced for extended-release and long-
acting opioids. Information by Drug Class. https://www.fda.gov/drugs/information-drug-class/
new-safety-measures-announced-extended-release-and-long-acting-opioids

31. Garner M, Ning Z, Francis J. 2012. A framework for the evaluation of patient information leaflets. 
Health Expect. 15:283–94 [PubMed: 21332620] 

32. Ghaddaf AA, Alsharef JF, Alhindi AK, Bahathiq DM, Khaldi SE, et al. 2022. Influence of 
perioperative opioid-related patient education: a systematic review and meta-analysis. Patient 
Educ. Couns. 105:2824–40 [PubMed: 35537899] 

33. Goodman S, Hammond D. 2021. Noticing of cannabis health warning labels in Canada and the US. 
Health Promot. Chronic Dis. Prev. Can. 41:201–10 [PubMed: 34427418] 

34. Goodman S, Leos-Toro C, Hammond D. 2022. Do mandatory health warning labels on consumer 
products increase recall of the health risks of cannabis? Subst. Use Misuse 57:569–80 [PubMed: 
34989662] 

Popova et al. Page 14

Annu Rev Public Health. Author manuscript; available in PMC 2025 July 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



35. Gov. Can. 2019. Cannabis health warning messages. Regulations under the 
Cannabis Act. https://www.canada.ca/en/health-canada/services/drugs-medication/cannabis/laws-
regulations/regulations-support-cannabis-act/health-warning-messages.html

36. Gov. Can. 2022. Cannabis regulations (SOR/2018–144). Consolidated Regulations. https://laws-
lois.justice.gc.ca/eng/regulations/SOR-2018-144/index.html

37. Griffin OH III, Spillane JF. 2013. Pharmaceutical regulation failures and changes: lessons learned 
from OxyContin abuse and diversion. J. Drug Issues 43:164–75

38. Hall W 2018. The future of the international drug control system and national drug prohibitions. 
Addiction 113:1210–23 [PubMed: 28884869] 

39. Hall W, Lynskey M. 2020. Assessing the public health impacts of legalizing recreational cannabis 
use: the U.S. experience. World Psychiatry 19:179–86 [PubMed: 32394566] 

40. Hall W, Stjepanović D, Caulkins J, Lynskey M, Leung J, et al. 2019. Public health implications 
of legalising the production and sale of cannabis for medicinal and recreational use. Lancet 
394:1580–90 [PubMed: 31657733] 

41. Hall W, Weier M. 2015. Assessing the public health impacts of legalizing recreational cannabis use 
in the USA. Clin. Pharmacol. Ther. 97:607–15 [PubMed: 25777798] 

42. Hammond D 2011. Health warning messages on tobacco products: a review. Tob. Control 20:327–
37 [PubMed: 21606180] 

43. Hammond D 2021. Communicating THC levels and ‘dose’ to consumers: implications for product 
labelling and packaging of cannabis products in regulated markets. Int. J. Drug Policy 91:102509 
[PubMed: 31351756] 

44. Hammond D, Goodman S, Wadsworth E, Rynard V, Boudreau C, Hall W. 2020. Evaluating the 
impacts of cannabis legalization: the International Cannabis Policy Study. Int. J. Drug Policy 
77:102698 [PubMed: 32113149] 

45. Hartman M 2023. Marijuana overview. Rep., Natl. Conf. State Legis, Denver, CO. https://
www.ncsl.org/research/civil-and-criminal-justice/marijuana-overview.aspx

46. Hasin DS. 2018. US epidemiology of cannabis use and associated problems. 
Neuropsychopharmacology 43:195–212 [PubMed: 28853439] 

47. Hassan LM, Shiu E. 2015. No place to hide: two pilot studies assessing the effectiveness of adding 
a health warning to the cigarette stick. Tob. Control. 24:e3–5 [PubMed: 24335476] 

48. Heyward J, Olson L, Sharfstein JM, Stuart EA, Lurie P, Alexander GC. 2020. Evaluation of the 
extended-release/long-acting opioid prescribing risk evaluation and mitigation strategy program 
by the US Food and Drug Administration: a review. JAMA Intern. Med. 180:301–9 [PubMed: 
31886822] 

49. Hiilamo H, Crosbie E, Glantz SA. 2014. The evolution of health warning labels on cigarette 
packs: the role of precedents, and tobacco industry strategies to block diffusion. Tob. Control 23:e2 
[PubMed: 23092884] 

50. Hoek J, Gendall P, Eckert C, Louviere J. 2016. Dissuasive cigarette sticks: the next step in 
standardised (‘plain’) packaging? Tob. Control 25:699–705 [PubMed: 26676026] 

51. Holitzki H, Dowsett LE, Spackman E, Noseworthy T, Clement F. 2017. Health effects of exposure 
to second- and third-hand marijuana smoke: a systematic review. CMAJ Open 5:E814–22

52. Hong SH, Liu J, Tak S, Vaidya V. 2013. The impact of patient knowledge of patient-centered 
medication label content on quality of life among older adults. Res. Soc. Adm. Pharm. 9:37–48

53. Humphreys K, Shover CL, Andrews CM, Bohnert AS, Brandeau ML, et al. 2022. Responding 
to the opioid crisis in North America and beyond: recommendations of the Stanford–Lancet 
Commission. Lancet 399:555–604 [PubMed: 35122753] 

54. Johnston LD, O’Malley PM, Bachman JG, Schulenberg JE, Miech RA. 2014. Monitoring the 
Future national survey results on drug use, 1975–2013: Volume I, Secondary school students. 
Rep., Inst. Soc. Res., Univ. Mich., Ann Arbor, MI. https://deepblue.lib.umich.edu/bitstream/
handle/2027.42/137911/mtf-vol2_2014.pdf?sequence=1

55. Jones JM. 2019. In U.S., medical aid top reason why legal marijuana favored. Gallup, June 12. 
https://news.gallup.com/poll/258149/medical-aid-top-reason-why-legal-marijuana-favored.aspx

56. Kees J, Fitzgerald P, Dorsey JD, Hill RP. 2020. Evidence-based cannabis policy: a framework to 
guide marketing and public policy research. J. Public Policy Mark. 39:76–92

Popova et al. Page 15

Annu Rev Public Health. Author manuscript; available in PMC 2025 July 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



57. Kesselheim AS, Franklin JM, Avorn J, Duke JD. 2013. Speaking the same language? International 
variations in the safety information accompanying top-selling prescription drugs. BMJ Q. Saf. 
22:727–34

58. Kim SJ, Minich M, Tveleneva A, Liu J, Padon AA, et al. 2022. Textual and pictorial enhancement 
of cannabis warning labels: an online experiment among at-risk U.S. young adults. Drug Alcohol 
Depend. 237:109520 [PubMed: 35724518] 

59. Kimber C, Frings D, Cox S, Albery IP, Dawkins L. 2020. Communicating the relative health risks 
of E-cigarettes: an online experimental study exploring the effects of a comparative health message 
versus the EU nicotine addiction warnings on smokers’ and non-smokers’ risk perceptions and 
behavioural intentions. Addict. Behav. 101:106177 [PubMed: 31753541] 

60. Kolb L, Du Mez AG. 1924. The prevalence and trend of drug addiction in the United States and 
factors influencing it. Public Health Rep. (1896–1970) 39(21):1179–204

61. Kraemer JD, Baig SA. 2013. Analysis of legal and scientific issues in court challenges to graphic 
tobacco warnings. Am. J. Prev. Med. 45:334–42 [PubMed: 23953361] 

62. Leos-Toro C, Fong GT, Meyer SB, Hammond D. 2019. Perceptions of effectiveness and 
believability of pictorial and text-only health warning labels for cannabis products among 
Canadian youth. Int. J. Drug Policy 73:24–31 [PubMed: 31336290] 

63. Ling PM, Kim M, Egbe CO, Patanavanich R, Pinho M, Hendlin Y. 2022. Moving targets: how 
the rapidly changing tobacco and nicotine landscape creates advertising and promotion policy 
challenges. Tob. Control. 31:222–28 [PubMed: 35241592] 

64. Lis Y, Roberts MH, Kamble S, Guo JJ, Raisch DW. 2012. Comparisons of Food and Drug 
Administration and European Medicines Agency risk management implementation for recent 
pharmaceutical approvals: report of the International Society for Pharmacoeconomics and 
outcomes research risk benefit management working group. Value Health 15:1108–18 [PubMed: 
23244814] 

65. McCarthy DM, Curtis LM, Courtney DM, Cameron KA, Lank PM, et al. 2019. A multifaceted 
intervention to improve patient knowledge and safe use of opioids: results of the ED EMC2 

randomized controlled trial. Acad. Emerg. Med. 26:1311–25 [PubMed: 31742823] 

66. McCarthy DM, Wolf MS, McConnell R, Sears J, Chevrier A, et al. 2015. Improving patient 
knowledge and safe use of opioids: a randomized controlled trial. Acad. Emerg. Med. 22:331–39 
[PubMed: 25731073] 

67. McGinty EE, Niederdeppe J, Heley K, Barry CL. 2017. Public perceptions of arguments 
supporting and opposing recreational marijuana legalization. Prev. Med. 99:80–86 [PubMed: 
28189806] 

68. Meisel ZF, Shofer F, Dolan A, Goldberg EB, Rhodes KV, et al. 2022. A multicentered randomized 
controlled trial comparing the effectiveness of pain treatment communication tools in emergency 
department patients with back or kidney stone pain. Am. J. Public Health 112:S45–55 [PubMed: 
35143273] 

69. Mercadante S, Craig D, Giarratano A. 2012. US Food and Drug Administration’s risk evaluation 
and mitigation strategy for extended-release and long-acting opioids: pros and cons, and a 
European perspective. Drugs 72:2327–32 [PubMed: 23116252] 

70. Moodie C, Hoek J, Hammond D, Gallopel-Morvan K, Sendoya D, et al. 2022. Plain tobacco 
packaging: progress, challenges, learning and opportunities. Tob. Control 31:263–71 [PubMed: 
35241599] 

71. Mullen RJ, Duhig J, Russell A, Scarazzini L, Lievano F, Wolf MS. 2018. Best-practices for the 
design and development of prescription medication information: a systematic review. Patient Educ. 
Couns. 101:1351–67 [PubMed: 29548600] 

72. Mutti-Packer S, Collyer B, Hodgins DC. 2018. Perceptions of plain packaging and health warning 
labels for cannabis among young adults: findings from an experimental study. BMC Public Health 
18:1361 [PubMed: 30526539] 

73. Natl. Inst. Drug Abuse. 2023. Drug overdose death rates. Trends & Statistics. https://nida.nih.gov/
research-topics/trends-statistics/overdose-death-
rates#:~:text=Drug%20overdose%20deaths%20involving%20prescription,involving%20prescripti
on%20opioids%20totaled%2016%2C706

Popova et al. Page 16

Annu Rev Public Health. Author manuscript; available in PMC 2025 July 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



74. Newman CL, Mason MJ, Langenderfer J. 2021. The shifting landscape of cannabis legalization: 
potential benefits and regulatory perspectives. J. Consum. Aff. 55:1169–77

75. Newsweek. 1959. Cigarettes: one man’s meat Newsweek, Feb. 4. https://
industrydocuments.library.ucsf.edu/tobacco/docs/#id=yrgm0137

76. Noar SM, Barker J, Bell T, Yzer M. 2020. Does perceived message effectiveness predict the actual 
effectiveness of tobacco education messages? A systematic review and meta-analysis. Health 
Commun. 35:148–57 [PubMed: 30482058] 

77. Noar SM, Francis DB, Bridges C, Sontag J, Ribisl KM, Brewer NT. 2016. The impact of 
strengthening cigarette pack warnings: systematic review of longitudinal observational studies. 
Soc. Sci. Med. 164:118–29 [PubMed: 27423739] 

78. Noar SM, Hall MG, Francis DB, Ribisl KM, Pepper JK, Brewer NT. 2016. Pictorial cigarette pack 
warnings: a meta-analysis of experimental studies. Tob. Control 25:341–54 [PubMed: 25948713] 

79. Orenstein DG, Glantz SA. 2018. Regulating cannabis manufacturing: applying public health best 
practices from tobacco control. J. Psychoact. Drugs 50:19–32

80. Orenstein DG, Glantz SA. 2020. Cannabis legalization in state legislatures: public health 
opportunity and risk. Marquette Law Rev. 103:1313–400 [PubMed: 34376874] 

81. Owusu D, Lawley R, Yang B, Henderson K, Bethea B, et al. 2020. ‘The lesser devil you don’t 
know’: a qualitative study of smokers’ responses to messages communicating comparative risk of 
electronic and combusted cigarettes. Tob. Control 29:217–23 [PubMed: 31040224] 

82. Pepper JK, Lee YO, Eggers ME, Allen JA, Thompson J, Nonnemaker JM. 2020. Perceptions 
of U.S. and Canadian cannabis package warnings among U.S. adults. Drug Alcohol Depend. 
217:108275 [PubMed: 32971388] 

83. Pons EdS, Moraes CG, Falavigna M, Sirtori LR, da Cruz F, et al. 2019. Users’ preferences 
and perceptions of the comprehensibility and readability of medication labels. PLOS ONE 
14:e0212173 [PubMed: 30794574] 

84. Public Health Law Cent. 2023. R.J. Reynolds v. FDA 2020. Litigation 
Tracker. https://www.publichealthlawcenter.org/litigation-tracker/rj-reynolds-tobacco-company-et-
al-v-us-food-and-drug-administration-et-al-2020

85. Redford A, Powell B. 2016. Dynamics of intervention in the War on Drugs: the buildup to the 
Harrison Act of 1914. Indep. Rev. 20:509–30

86. Reynolds Tobacco Co RJ. v. FDA, 696 F.3d 1205 (D.C. Cir. 2012)

87. Rogers WA, Lamson N, Rousseau GK. 2000. Warning research: an integrative perspective. Hum. 
Factors 42:102–39 [PubMed: 10917149] 

88. Rollman JE, Heyward J, Olson L, Lurie P, Sharfstein J, Alexander GC. 2019. Assessment of the 
FDA risk evaluation and mitigation strategy for transmucosal immediate-release fentanyl products. 
JAMA 321:676–85 [PubMed: 30778596] 

89. Salloum NC, Krauss MJ, Agrawal A, Bierut LJ, Grucza RA. 2018. A reciprocal effects analysis of 
cannabis use and perceptions of risk. Addiction 113:1077–85 [PubMed: 29377544] 

90. Sanders MS, McCormick EJ. 1993. Human Factors in Engineering and Design. New York: 
McGraw-Hill. 7th ed.

91. Schauer GL. 2021. Cannabis policy in the United States: implications for public health. J. Natl. 
Cancer Inst. Monogr. 58:39–52

92. Schrot RJ, Hubbard JR. 2016. Cannabinoids: medical implications. Ann. Med. 48:128–41 
[PubMed: 26912385] 

93. Shi Y, Cao Y, Shang C, Pacula RL. 2019. The impacts of potency, warning messages, and price on 
preferences for Cannabis flower products. Int. J. Drug Policy 74:1–10 [PubMed: 31382201] 

94. Shimazawa R, Ikeda M. 2013. Safety information in drug labeling: a comparison of the USA, the 
UK, and Japan. Pharmacoepidemiol. Drug Saf. 22:306–18 [PubMed: 23355452] 

95. Shrank W, Avorn J, Rolon C, Shekelle P. 2007. Medication safety: effect of content and format 
of prescription drug labels on readability, understanding, and medication use: a systematic review. 
Ann. Pharmacother. 41:783–801 [PubMed: 17426075] 

96. Shrank WH, Avorn J. 2007. Educating patients about their medications: the potential and 
limitations of written drug information. Health Aff. 26:731–40

Popova et al. Page 17

Annu Rev Public Health. Author manuscript; available in PMC 2025 July 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



97. Spillane JF. 2004. Debating the Controlled Substances Act. Drug Alcohol Depend. 76:17–29 
[PubMed: 15380285] 

98. Stephenson J 2022. FDA gains power to regulate synthetic nicotine in e-cigarettes. JAMA Health 
Forum 3:e221140 [PubMed: 36218961] 

99. Swann JP. 1994. FDA and the practice of pharmacy: prescription drug regulation before the 
Durham-Humphrey Amendment of 1951. Pharm. Hist. 36:55–70 [PubMed: 11613485] 

100. Tam J, Jeon J, Thrasher JF, Hammond D, Holford TR, et al. 2021. Estimated prevalence of 
smoking and smoking-attributable mortality associated with graphic health warnings on cigarette 
packages in the US from 2022 to 2100. JAMA Health Forum 2:e212852 [PubMed: 35977179] 

101. Tob. Control Leg. Consort. 2015. Cigarette graphic warnings and the 
divided federal courts. FDA Tob. Proj., Tob. Control Leg. Consort., Saint 
Paul, MN. https://publichealthlawcenter.org/sites/default/files/resources/Tobacco-Control-Legal-
Consortium-Cigarette-Graphic-Warnings-and-the-Divided-Federal-Courts.pdf

102. Tob. Inst. 1959. We have just been informed that the UPI wire carried a story on 
the introduction. . . Lett. From EF Ragland, Jan. 8. https://industrydocuments.library.ucsf.edu/
tobacco/docs/#id=hhgc0086

103. Truth Tob. Ind. Doc. 1959. Part VI - Summary of state labeling legislation. Doc. gymh0045, 
Truth Tob. Ind. Doc., UCSF, San Francisco. https://industrydocuments.library.ucsf.edu/tobacco/
docs/#id=gymh0045

104. US Dep. Health Hum. Serv. 1994. Preventing Tobacco Use Among Young People: A Report of 
the Surgeon General Atlanta: US Dep. Health Hum. Serv.

105. US Drug Enforc. Adm. 2022. The Controlled Substances Act. Drug Information. https://
www.dea.gov/drug-information/csa

106. Van Zee A 2009. The promotion and marketing of OxyContin: commercial triumph, public health 
tragedy. Am. J. Public Health 99:221–27 [PubMed: 18799767] 

107. Wackowski OA, Rashid M, Greene KL, Lewis MJ, O’Connor RJ. 2020. Smokers’ and young 
adult nonsmokers’ perceptions and perceived impact of snus and e-cigarette modified risk 
messages. Int. J. Environ. Res. Public Health 17:6807 [PubMed: 32961924] 

108. Wang X, Derakhshandeh R, Liu J, Narayan S, Nabavizadeh P, et al. 2016. One minute of 
marijuana secondhand smoke exposure substantially impairs vascular endothelial function. J. 
Am. Heart Assoc. 5:e003858 [PubMed: 27464788] 

109. WHO (World Health Organ.). 2003. WHO Framework Convention on Tobacco Control. Geneva: 
WHO. https://iris.who.int/bitstream/handle/10665/42811/9241591013.pdf

110. Wilkinson ST, Yarnell S, Radhakrishnan R, Ball SA, D’Souza DC. 2016. Marijuana legalization: 
impact on physicians and public health. Annu. Rev. Med. 67:453–66 [PubMed: 26515984] 

111. Wilson KM, Torok MR, Wei B, Wang L, Robinson M, et al. 2017. Detecting biomarkers of 
secondhand marijuana smoke in young children. Pediatr. Res. 81:589–92 [PubMed: 27911435] 

112. Winstock AR, Lynskey MT, Maier LJ, Ferris JA, Davies EL. 2021. Perceptions of cannabis health 
information labels among people who use cannabis in the U.S. and Canada. Int. J. Drug Policy 
91:102789 [PubMed: 32499118] 

113. Wolf MS, Davis TC, Curtis LM, Bailey SC, Knox JP, et al. 2016. A patient-centered prescription 
drug label to promote appropriate medication use and adherence. J. Gen. Intern. Med. 31:1482–
89 [PubMed: 27542666] 

114. Wolf MS, King J, Wilson EAH, Curtis LM, Bailey SC, et al. 2012. Usability of FDA-approved 
medication guides. J. Gen. Intern. Med. 27:1714–20 [PubMed: 22566170] 

Popova et al. Page 18

Annu Rev Public Health. Author manuscript; available in PMC 2025 July 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Proposed warning labels on cigarette packs and cigarette sticks, Canada. Figure adapted with 

permission from Health Canada.
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Figure 2. 
Cannabis warning labels from (a) Colorado, (b) Missouri, and (c) Canada. Canada (like 

Uruguay) requires cannabis products to be sold in plain packaging. Panel c reproduced with 

permission from Health Canada.

Popova et al. Page 20

Annu Rev Public Health. Author manuscript; available in PMC 2025 July 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
FDA boxed warning for immediate-release and extended-release/long-acting opioid 

analgesics’ packaging and inserts (from https://www.fda.gov/media/167056/download).
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