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Abstract

Misuse and overconsumption of certain consumer products have become major global risk

factors for premature deaths, with their total costs in trillions of dollars. Progress in reducing

such deaths has been slow and difficult. To address this challenge, this review introduces

the definition of market-driven epidemics (MDEs), which arise when companies aggres-

sively market products with proven harms, deny these harms, and resist mitigation efforts.

MDEs are a specific within the broader landscape of commercial determinants of health. We

selected three illustrative MDE products reflecting different consumer experiences: ciga-

rettes (nicotine delivery product), sugar (food product), and prescription opioids (medical

product). Each met the MDE case definition with proven adverse health impacts, well-docu-

mented histories, longitudinal product consumption and health impact data, and sustained

reduction in product consumption. Based on these epidemics, we describe five MDE

phases: market expansion, evidence of harm, corporate resistance, mitigation, and market

adaptation. From the peak of consumption to the most recent data, U.S. cigarette sales fell

by 82%, sugar consumption by 15%, and prescription opioid prescriptions by 62%. For

each, the consumption tipping point occurred when compelling evidence of harm, profes-

sional alarm, and an authoritative public health voice and/or public mobilization overcame

corporate marketing and resistance efforts. The gap between suspicion of harm and the

consumption tipping point ranged from one to five decades–much of which was attributable

to the time required to generate sufficient evidence of harm. Market adaptation to the

reduced consumption of target products had both negative and positive impacts. To our

knowledge, this is the first comparative analysis of three successful efforts to change the

product consumption patterns and the associated adverse health impacts of these products.
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The MDE epidemiological approach of shortening the latent time to effective mitigation pro-

vides a new method to reduce the impacts of harmful products.

Introduction

Over the last 50 years, economic development has lifted millions of people from poverty [1],

increased child survival and life expectancy [2], and improved human health and wellbeing.

Concurrently, the market economy has commercialized a wide range of products whose over-

use and misuse have had severe adverse effects on human health and wellbeing [3]. Examples

include cigarettes [4–6], sugar [7–11], prescription opioids [12–15], alcohol [16–18], ultra-pro-

cessed foods [19–21], commercial milk formula (also called infant formula or breast milk sub-

stitute) [22–24], firearms [25–27], and social media [28–30]. Each year, such products are

significant contributors to the health conditions responsible for more than 850,000 U.S. deaths

and 23 million worldwide deaths [31]. The estimated annual global economic losses associated

with these products are in the trillions of U.S. dollars [32–35].

Reduction in the human and financial costs of these “market-driven epidemics” (MDEs)

has proven highly challenging and typically takes decades to achieve, even when successful.

We propose a case definition for MDEs that helps to identify emerging MDEs and address crit-

ical barriers to timely, effective prevention and mitigation (Box 1). Key elements of this defini-

tion include proof of harm, corporate denial and resistance in the face of established evidence

of harm, and effective mitigation efforts. We describe five epidemic phases: market develop-

ment, evidence of harm, corporate resistance, mitigation, and market adaptation. We apply

the MDE definition and show these five phases for three products that reflect different con-

sumer experiences: cigarettes, sugar, and prescription opioids.

Previous studies of efforts to reduce consumption of potentially harmful products typically

have focused on the short-term impact of specific policy interventions [36, 37]. The MDE

approach addresses the core epidemiological question: What combination of actions is effec-

tive to achieve a sustained, large-scale reduction in the consumption and consequent harms of

an MDE product? To the best of our knowledge, this is the first comparative analysis of suc-

cessful efforts to bend the epidemic curves of consumption and associated adverse health

impacts for three distinctive MDEs within one national context (the U.S.).

MDEs represent a specific entity within the broader landscape of the commercial determi-

nants of health (CDoH), defined by the 2023 Lancet series as “the systems, practices, and path-

ways through which commercial actors drive health and equity” [38]. The Lancet series

mapped commercial sector practices that negatively impact health [38], described commercial

entities that go beyond unhealthy consumer products [38], and provided future directions for

work in this field [39]. Other CDoH-related work focuses on monitoring corporate political

Box 1. Definition of a market-driven epidemic (MDE)

A market-driven epidemic is a significant increase in the consumption of a consumer

product whose overuse or misuse has been proven to cause death, disability, and other

harmful effects; whose consumption has been accelerated by aggressive marketing;

whose harmful effects are hidden, denied, or otherwise minimized by producers; and for

which effective mitigation is actively resisted by producers.
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activity [40] and measuring CDoH [41]. The MDE concept adds novel terminology and meth-

odology for bending the epidemic curves of consumption of consumer products and adverse

health impacts.

Methods

Selection of criteria for illustrative epidemics

We identified three categories of products for this analysis, each meant to represent a distinctly

different consumer experience: a nicotine delivery system (cigarettes), a food product (sugar),

and a prescription medicine (opioids). Within each category, the specific product was chosen

based on the following inclusion criteria: (1) met the case definition for a market-driven epi-

demic (2) with proven adverse health impacts; (3) well-documented histories of product devel-

opment, marketing, and mitigation efforts; (4) availability of longitudinal data for product

consumption and associated harm; and (5) mitigation efforts that resulted in a significant, sus-

tained reduction in product consumption. Based on these criteria, cigarettes, sugar, and pre-

scription opioids were selected. We used U.S. examples because the U.S. was arguably the

epicenter and provided the most robust case histories for each.

Epidemic curves

The consumption measures for the three epidemic curves respectively were cigarette sales [42],

annual consumption of caloric sweeteners (referred to here as “sugar”) [43], and prescription

opioids dispensed [44]. The respective associated illustrative health impact measures were

adult lung cancer death rate [45], diabetes prevalence rate [46], and prescription opioid over-

dose mortality rate [47].

Epidemic phases

The concept of epidemic phases or stages has been used to describe, anticipate, and respond to

both infectious and non-infectious outbreaks. Examples include the WHO “continuum of

pandemic phases” (interpandemic, alert, pandemic, and transition [48]) and an analysis of the

cigarette epidemic in developed countries [49]. For each of the three MDEs, we constructed a

detailed timeline of key academic publications, corporate actions, media coverage, legal and

regulatory actions, and civil society responses (S1 File). Based on the timelines, epidemic

curves, and milestones for the three epidemics, we propose five conceptually distinct, and at

times overlapping, phases through which each of the three illustrative epidemics have pro-

gressed (Table 1).

Phases of market-driven epidemics illustrated by cigarettes, sugar,

and prescription opioids

1) Market development

Market development encompasses the innovation of the MDE product and the ramping up of

its production and commercialization. While the cigarette industry pioneered mass marketing

[5], the sugar and prescription opioid industries also exemplify methods to popularize, nor-

malize, and grow the market for MDE products.

While tobacco was cultivated for centuries by indigenous Americans and later an integral

part of the three-way transatlantic slave trade between Europe, Africa, and the Americas, wide-

spread U.S. cigarette consumption took off after industrialist James “Buck” Duke commercial-

ized cigarettes in the late 1800s [5]. Duke’s American Tobacco Company automated cigarette
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rolling and made smoking more convenient. Besides engineering mass production, American

Tobacco and other cigarette companies developed mass marketing campaigns, notably capital-

izing on the two world wars. Companies targeted women as they entered the workforce [50],

while soldiers were given cigarette rations to escape the stress of war [51]. The cigarette indus-

try mastered niche appeals using identity marketing to create highly effective advertising cam-

paigns targeting modern women [50, 52], Black Americans [53, 54], and stereotypically

masculine white men [55]. Another distinct strategy to increase sales was to make cigarettes

even more addictive by increasing the nicotine content [56].

By marketing convenience as a driving factor in the mid-1950s, food corporations created

processed food that eliminated cooking and had an increased shelf life [21]. To outcompete

other food sellers, corporations hired flavor houses to replace natural ingredients to create sim-

ilar sensory experiences at a fraction of the cost [57]. Evolutionary psychology was used to

increase sales with new flavors and colorful and constantly changing packaging [57]. To maxi-

mize consumption, company scientists found the sugar, salt, and fat content “bliss point” [58]

and enhanced the textures of food [59]. Food industries marketed aggressively, beginning in

schools [60]. In response to the emphasis placed on reduced fat consumption in the 1977 Die-

tary Goals for the U.S. and other food guidelines, companies introduced products like Nabis-

co’s “SnackWell’s,” which were low-fat, high-sugar treats that drove refined sugar

consumption even higher [61].

In 1986, the World Health Organization (WHO) called for action to address the global chal-

lenge of undertreatment of pain due to physicians’ fear of opioid misuse [14, 58]. The indus-

try-influenced ‘Pain as the 5th Vital Sign’ campaign by the American Pain Society in 1995

further set the stage for Purdue Pharma’s creation of OxyContin [14], which launched a year

later. Purdue Pharma falsely claimed that OxyContin was a controlled-released opioid with a

misuse rate of less than 1% [13]. Building on these claims, Purdue Pharma deployed aggressive

marketing tactics. These tactics included sales representatives earning commissions from the

amount of opioids prescribed, targeting healthcare workers through infiltrating medical socie-

ties and literature, vacation-like conferences, free dinners, merchandise, educational programs,

Table 1. Phases of a market-driven epidemic.

Phase Description

1. Market

development

A highly desirable product is created through innovation, i.e. chemical engineering

(cigarettes, refined sugar), sometimes transforming an existing product. Aggressive

marketing increases product consumption through various strategies that make it more

appealing, socially desirable, or addictive, making the product available to a larger

population.

2. Evidence of harm Astute clinicians, public health researchers, whistleblowers, or others suspect harm. Diligent

epidemiology and clinical research provide compelling evidence confirming harm.

3. Corporate

resistance

Deaths, illness, and economic and other impacts accumulate. At the same time, companies

deny harm, seek to discredit accusers, commission counter-science, “manufacture doubt”

with distracting alternative explanations, and mount legal and public relations challenges to

mitigation efforts. These corporate tactics aim to forestall action to reduce product

consumption and harm.

4. Mitigation A tipping point for concerted action is reached whereby legal, regulatory, political, social,

and other mitigation measures are taken at the local, national and/or global levels.

Consumption of the MDE product decreases due to the public health forces outweighing the

corporate forces that drive consumption.

5. Market

adaptation

In response to mitigation efforts to reduce consumption, companies and consumers seek

alternatives through global expansion (geographic shifts in marketing and consumption),

product modification (development of similar or new products), or product substitution

(switching company marketing or consumer purchases to alternatives that provide similar

psychological or physiological benefits).

https://doi.org/10.1371/journal.pgph.0003479.t001
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concert and sports event tickets, coupons, grants, and more [13, 62]. Many medical associa-

tions also accepted the claims of low rates of misuse, giving painkillers the false facade of safety

among doctors. Perhaps the most significant example was The Joint Commission, which tight-

ened pain treatment standards for hospital accreditation in 2000 [63], further supporting the

regular prescription of painkillers. While Purdue Pharma was the trailblazer, many companies

followed and promoted the opioid crisis, and have since been sued for their efforts, such as

CVS, Walgreens, and Walmart [64].

2) Evidence of harm

As the market steadily expands for products that ultimately prove to be unhealthy, astute phy-

sicians, public health experts, members of the public, or often company staff themselves may

raise questions about the product’s effects. Intrigued by anecdotal evidence or individual

observations, suspicion of harm is established when a credible source attests to a pattern and

authors an initial scientific query, hypothesizing that a product is causing harm to its consum-

ers. Definitive confirmation of harm comes from large, rigorous cohort studies or randomized

controlled trials (when ethically feasible). These studies influence the scientific community to

reach a consensus that the MDE product is harmful.

While the harms of cigarettes had long been suspected, physician Isaac Adler’s 1912

book-length monograph was the first significant scientific study linking cigarettes to can-

cers [65]. Four decades later, in 1954, Doll and Hill compared the lung cancer and mortality

status of 21,296 smoking to 3,093 nonsmoking doctors over twenty-nine months and con-

cluded that lung cancer rates and mortality increased as the number of cigarettes smoked

increased [66]. That same year, the American Cancer Society, the Public Health Cancer

Association, and the medical authorities of six other nations recognized that smoking

caused lung cancer [4].

For sugar, the journey from suspicion to compelling evidence was more complex. From the

1950s, researchers and clinicians have debated whether the excess intake of sugars [67] or satu-

rated fatty acids (SFAs) [68] was the primary nutritional factor behind the rise of cardiovascu-

lar disease (CVD) and other adverse health conditions [7]. Diabetologist John Yudkin’s 1957

Lancet article suggested sucrose played an equal or larger role than fats in causing CVD [67].

By 2006, a randomized controlled trial of 48,835 women aged 50 to 79 years showed that intake

of refined carbohydrates and added sugars was positively associated with risk of CVD [69].

Norman Temple, a contemporary nutrition researcher, named this fat-sugar-CVD debate "50

years of confusion" [7]. The current consensus is that sugar, particularly through sugar-sweet-

ened beverage (SSB) consumption, is directly linked with CVD but also with weight gain, obe-

sity, and type 2 diabetes [7].

As early as 1997, physicians in rural areas of the U.S., namely Art Van Zee and Vince Stra-

vino, alerted Purdue Pharma, the producer of OxyContin, about rising overdoses. Journalistic

reporting amplified these physicians’ reports [70–73]. In 1998, a survey of drug users and deal-

ers found that MS Contin (Purdue Pharma’s extended-release morphine formulation) was one

of the most expensive and sought-after street drugs, which users crushed and injected to create

a "buzz" [74]. Purdue Pharma executives read this article and noted its findings privately [75].

In 2001, the House of Representatives held a public hearing of Purdue Pharma executives on

whether they could have known about and lessened the risk of OxyContin misuse, which the

executives denied [76]–their denial contradicts internal documents now publicly available

[77]. Despite the attention from government officials and the public, the CDC did not declare

an epidemic due to opioid overprescribing until 2011, when it published compelling evidence

of the impact of rising use of prescription opioids and overdose deaths [78].
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3) Corporate resistance

When product safety concerns arise, forward-looking corporate leaders have found pathways

to reduce unintended harms. In the mid-2000s, Kraft Foods VP Michael Mudd led an initiative

that removed in-school marketing and established nutrition criteria for products sold in school

vending machines [79]. In the 2010s, under CEO Indra Nooyi, the sugary drink company

Pepsi substantially expanded the proportion of healthy products it sold, while also nearly dou-

bling revenue [80].

Other companies pretend to address the MDE caused by their products and put measures

in place for public relations purposes that do not actually lead to decreased consumption. An

example from the tobacco industry could arguably be the creation of “light” cigarettes (we dis-

cuss product modification in more detail below, under phase 5, market adaptation.) Pretend

measures were taken by Purdue Pharma when responding to the FDA’s warnings in the early

2000s, and interestingly, preemptively before OxyContin launched on the market [81]. While

we have grouped these measures into corporate resistance, prescription opioids are an example

of how the MDE phases are not strictly chronological.

Too often, corporate leaders reflexively defend their products rather than address the risks.

Companies have worked to convince consumers and regulators that their products are harm-

less, even after their internal research finds otherwise. Well-documented corporate resistance

tactics include undermining peer-reviewed science, diverting the discourse from their prod-

uct’s harm, funding civil society groups to voice industry opinions on regulation, and finding

legal loopholes to evade regulation [82]. Such tactics undermine consumer protection, priori-

tizing commercial gains over “protecting health, the environment, or social cohesion” [38].

One of the earliest and most often-used corporate strategies is “manufactured doubt”–deliber-

ate altering and misrepresenting facts and empirical evidence to promote a corporate (or

other) agenda [83, 84].

Private corporate research showed that cigarette smoking was carcinogenic as early as 1953

[4] and addictive by 1963 [85]. Yet publicly, the tobacco industry continued to fervently deny

these claims and pursue campaigns to increase smoking [85]. Purdue Pharma executives

received credible alerts of OxyContin dependence and misuse as early as 1997, yet when testi-

fying to the House of Representatives in 2001, they claimed they had not received data suggest-

ing misuse [76].

Companies have coopted scientific literature by conducting “independent” research to sup-

port their products, which were industry-funded without disclosure. In 1954, the Tobacco

Industry Research Commission was established to create “controversy” through biased studies

on cigarette safety [85]. Similarly, studies funded by the sugar industry’s Sugar Research Foun-

dation suppressed studies that found sugar was more strongly associated with CVD than fat

[86]. In the mid-1960s, Harvard University studies with undisclosed sugar industry funding

“singled out fat” as the major risk factor for CVD [87]. Industry-funded reviews are especially

prone to bias. A 2016 review found that only 1 in 26 industry-funded studies significantly

linked SSBs to obesity and diabetes, while 33 out of 34 independently funded studies found

adverse health effects of SSBs [88]. Medical opinion leaders paid by the prescription opioid

industry misrepresented published evidence to persuade doctors to prescribe opioids at higher

doses and longer durations for minor and chronic pain conditions [71, 89].

Many industries have successfully lobbied and funded political campaigns to evade regula-

tions and taxes on their products [90]. In 1977, the sugar industry successfully lobbied for the

first U.S. Dietary Guidelines to link CVD primarily to saturated fats, with only a brief mention

of reducing sugar consumption [91]. Industry lobbying continued into the 2000s when it

attempted–unsuccessfully this time–to block daily sugar calorie limits [92]. Opioid
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manufacturers have used their funds and influence to obtain favorable treatment in Congres-

sional hearings and bills [72, 93], and to avoid lawsuits [94] and regulation [95]. Purdue

Pharma spent $102 million on lobbying the U.S. Congress between 2014 and 2016 [95].

4) Mitigation

For every epidemic, the core question is: What mitigating actions are required, and by whom,

to bend the epidemic curve and thereby reduce or eliminate the resulting illness and death?

For infectious diseases, success generally depends on a combination of medical, non-medical,

and informational interventions aimed at the infectious agent. For the three subject MDEs,

bending the consumption curve in the face of continuing corporate resistance resulted from a

combination of actions aimed at changing the behavior of companies and consumers. From

the peak of consumption (the “consumption tipping point”) to the most recent data, U.S. ciga-

rette sales fell by 82% from 1963 to 2020 (Fig 1), sugar consumption fell by 15% from 1999 to

2016 (Fig 2), and opioid prescription dispensing fell by 62% from 2011 to 2022 (Fig 3). The

magnitude and persistence of these changes in consumer consumption behavior are notable.

In each, the consumption tipping point was associated with a catalytic event or series of events.

The U.S. tipping point for cigarette consumption was the period 1961–1963 (Fig 1) when

accumulating evidence linking smoking to increasing rates of CVD, cancers, and certain other

illnesses led to the first Surgeon General’s Smoking and Health Report. The report hit the

country “like a bombshell” as the leading story on newspaper, radio, and television [96].

Despite continued corporate efforts to sow confusion and deny cigarettes’ health harms [83,

97], a series of actions followed the report to drive down consumption, including regulations

on package labels and advertisements, federal recognition of nicotine’s addictiveness and sec-

ondhand harm, and the creation of public smoking and nonsmoking areas (S1 File). In 1998,

Fig 1. U.S. cigarette sales (1900–2014) vs U.S. lung cancer deaths (1950–2020). Data sources: cigarette sales [42], lung cancer deaths [45].

https://doi.org/10.1371/journal.pgph.0003479.g001
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the tobacco industry was ultimately held accountable for the harms it knowingly caused when

46 U.S. states won a $206 billion Tobacco Master Settlement agreement against the tobacco

industry. By then, cigarette consumption had already fallen to half what it was in 1964 (Fig 1),

yet it was still a historic win in getting the industry to reckon with its harms [98].

For sugar, the consumption tipping point was in 1999 (Fig 2). Two key events led to this tip-

ping point. The first was a 1998 landmark publication showing a dramatic increase in obesity

in the U.S. from 1960, which raised the alarm about U.S. sugar consumption [99]. The second

was a high profile petition launched in 1999 by Science in the Public Interest, called “America:

Drowning In Sugar,” endorsed by 72 leading public health organizations and experts, that was

aimed at reducing sugar intake [100]. The 2001 Surgeon General’s “Call To Action To Prevent

and Decrease Overweight and Obesity” reinforced this aim by encouraging reductions in

added sugars [101], and consumption continued to decline (Fig 2) [43]. Randomized con-

trolled trials confirming sugar as a significant CVD risk factor had not yet been conducted, yet

individuals quickly and sustainably decreased their sugar consumption (Fig 2).

The consumption tipping point of prescription opioids was in 2011 (Fig 3) when the CDC

declared an opioid epidemic due to overprescribing. This declaration was followed by a series

of mitigative actions, such as measures ensuring that patients were not being prescribed opi-

oids by more than one doctor [102]. In 2007, Purdue Pharma was federally held accountable

for misrepresenting OxyContin’s ability to cause addiction in its users [103, 104]. However,

between 2007 and 2011, the amount of OxyContin physicians prescribed continued to increase

(Fig 3). Only when the issue of opioid prescription was communicated through a medical

channel did physicians realize they had to reduce their prescribing of OxyContin for a wide

variety of concerns. In other words, the communication channel must match the audience that

decides consumption levels in order to reduce consumption most effectively. Prescription opi-

oid mitigation has continued into recent years, with the litigations brought against the largest

Fig 2. U.S. annual personal sugar consumption (1950–2016). Data sources: sugar consumption [43], diabetes prevalence rate [46].

https://doi.org/10.1371/journal.pgph.0003479.g002
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opioid manufacturers and pharmaceutical distributors settled and the distributors paying over

$25 billion [105].

While one intervention begins the change of consumer behavior, it is often multiple rein-

forcing actors and actions that shift MDE product consumption over the long-term. Civil soci-

ety organizations, the media, and internal whistleblowers play catalytic roles in calling out

product harm, while government action has been vital in achieving large-scale impacts. Acade-

mia plays a central role in confirming or refuting suspected adverse health impacts of con-

sumer products and evaluating the effectiveness of different mitigation strategies. The

resulting research publications provide the evidence needed for professional, political, and

public support for action. Incontrovertible evidence of harm also helps counter opposition by

companies or others skeptical of intervention.

5) Market adaptation

While notable progress was made in reducing consumption for the three illustrated products,

a substantial level of consumption and associated harm continues. Furthermore, when mitiga-

tion efforts began reducing demand for the three MDE products, companies adapted by

exploring new markets abroad or through evolving their product. Consumers who reduced

their consumption often turned to substitute products, some of which were healthier alterna-

tives and some of which were more harmful.

Global expansion. Global expansion occurs when corporations shift product sales, mar-

keting, and consequent harm to less regulated communities and countries in response to a

shrinking U.S. market. A 2015 study comparing tobacco marketing in 16 high-, middle-, and

low-income countries found that the density of tobacco advertisements was 81 times higher in

Fig 3. U.S. prescription opioids dispensed (1992–2020) vs U.S. prescription opioid overdose death rate (1999–2022). Data sources: Opioids overdose rates

[47], opioid prescription rates [44].

https://doi.org/10.1371/journal.pgph.0003479.g003
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low-income countries than in high-income countries [106]. Similarly, when U.S. doctors

began to reduce their rate of opioid prescribing in 2011, the Sackler-owned Mundipharma

implemented Purdue Pharma’s strategies in other parts of the world [107]. For sugar, this pat-

tern is seen particularly in SSB consumption, which is spreading rapidly to low- and middle-

income countries, with Latin America and Asia being the prime industry targets [108].

Product modification. Companies develop derivative or new products to maintain their

sales in the face of decreasing demand for their original product. For example, the tobacco

industry has marketed a series of products touted as “healthier,” including filtered cigarettes,

low-tar cigarettes, heated tobacco products, and electronic nicotine delivery systems (also

called e-cigarettes or vapes, although vapes were developed both within and outside the

tobacco industry) [109]. These attempts were marketing schemes for an improved public

image, a corporate tactic similar to the manufactured doubt in phase 3.

Responding to the market demand for products with lower sucrose content, food compa-

nies turned to high-fructose corn syrup (HFCS), which was perceived as a healthier fruit sugar,

and artificial sweeteners. Neither are harmless: HFCS has been associated with CVD and obe-

sity [110, 111], while less consistently, artificial sweeteners have been linked to weight gain and

cardiometabolic risk. artificial sweeteners with cancer and CVD [112, 113].

In 2010, Purdue Pharma reformulated OxyContin as its original patent expired, claiming

its new version was less prone to misuse. Some studies have concluded that misuse decreased

after the reformulation [114], while others suggest that it stayed the same or even increased

[115].

Product substitution. When consumers become more aware of product harm or when

mitigation efforts make products less accessible, they often switch to other products providing

similar psychological or physiological benefits. This switch may have positive or negative

health consequences. Cigarette-alternative product use continues to grow [116] despite serious

questions about its impact on health [117], while substitution of low- and non-caloric alterna-

tives to sugar-sweetened beverages is associated with cardiovascular and other health benefits

[118, 119].

In the case of OxyContin, users turned to illicit opiates when they could no longer obtain

prescriptions or found that the misuse-deterrent formulation of OxyContin affected their use

[114]. While prescription opioid consumption fell after 2011, opioid-related deaths did not.

Prescription opioids were the leading cause of opioid overdoses in the period 1990–2010, but

heroin-associated overdoses were the leading cause from 2010–2013. Fentanyl then led from

2013 onward [120]. The post-2011 decline in opioid prescriptions may have reduced iatro-

genic opioid addiction; however, many who had become addicted to prescription opioids

appear to have substituted them with illicit opiates.

Implications

Where markets and proof of harm are well established, such as the three case examples pre-

sented above, public health communities can apply the MDE lens to assess the current state of

an MDE, understand local corporate resistance tactics, map current and potential mitigation

efforts, and identify potential adverse market adaptations. For emerging global MDE products

such as UPFs [121] and social media [28], researchers are still weighing the accumulating evi-

dence of harm [122], concerned corporate leaders are turning to the established corporate

playbook [82], and governments are struggling to respond to the unique contexts and chal-

lenges presented by each product. Drawing on insight from current MDEs may help navigate

the challenges of these and other emerging MDEs.
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Global application of the MDE concept

While the U.S. has achieved significant declines in cigarette, sugar and prescription opioid

consumption, the global situation varies for these epidemics. Between 2000 and 2022, the

global prevalence of tobacco use among people aged 15 years and older fell by one third, with

significant decreases for both men and women and the highest decreases in lower middle-

income countries (47%) and low-income countries (43%) [123]. Countries implementing the

WHO MPOWER measures developed by the 2003 Framework Convention on Tobacco Con-

trol have experienced the largest decreases in tobacco use [124]. Global per capita sugar con-

sumption continues trending upward [116]. SSB consumption, in particular, is rapidly

increasing in low- and middle-income countries, led by Latin America and Asia [117]. North

America and Western and Central Europe still have the highest opioid consumption rates,

while Southeast Asia, Latin America, and Africa have the lowest rates of prescription opioid

use [125].

MDEs can originate in any part of the world and emerging MDEs can quickly spread to

every part of the world. Violations of the International Code of Marketing of Breast-Milk Sub-

stitutes [126]–created in 1981 to counter marketing abuses by commercial milk formula compa-

nies–continue today. More children are consuming commercial milk formula than ever before

[127] and the estimated annual global child mortality from not breast-feeding is more than

500,000 [128]. Among herbal medicines, which are used by the majority of the world’s popula-

tion, there are some that may be creating a silent MDE of cancers and other ill effects [129].

Closing the suspicion-to-evidence gap

In 1997, physicians practicing in rural America alerted the producer of OxyContin to the

increase in overdoses related to their product [13], but it was another 14 years before the 2011

CDC epidemiological analysis confirmed their suspicions [78]. More than four decades

elapsed between Adler’s 1912 monograph linking cigarettes to cancers [65] and the definitive

1954 Doll and Hill cohort study showing a direct, dose-relationship between smoking and

lung cancer mortality [66]. Nearly five decades passed between Yudkin’s 1957 Lancet article

asserting that sucrose plays a significant role in coronary thrombosis [67] and randomized

controlled trials in the mid-2000s definitively confirming the link [69].

Health researchers played a foundational role in generating the evidence of harm and

assessment of mitigation strategies that proved invaluable in bending the curves for cigarettes,

sugar, and prescription opioids. Longitudinal studies on potentially harmful products take

time, and randomized trials for many such products would be unethical [7]. Much of the

42-year suspicion-to-evidence gap for cigarettes is attributable to the lack of rigorous epidemi-

ological tools in the early 1900s. For sugar, however, had there been better research evidence,

reducing the 49-year interval between suspicion and confirmation of harm could have averted

five decades of misleading dietary advice and potentially millions of premature deaths.

Support from national institutes of health, private foundations, and other non-corporate

sources is vital to propel the robust MDE-related research agenda needed to close the suspi-

cion-to-confirmation gap. A process adapted from the WHO R&D Blueprint [130], a tool used

for setting investment priorities for pandemic preparedness, could help assess the threat posed

by emerging MDEs and set funding priorities.

Reducing the suspicion-to-confirmation interval also depends on ending corporate subver-

sion of the scientific literature and related communications [36]. Existing conflict of interest

disclosure requirements [131] and research transparency guidelines [132] are foundational but

are not comprehensive [133] and are variably applied by even highly ranked medical journals

[132].
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Finally, legal requirements for corporate reporting and addressing product harms, as well

as consequences for failure to report, might be strengthened where they exist or established in

countries and regions where they do not yet exist.

Reinforcing the role of public health leadership

Trusted, authoritative public health voices effectively communicating the harmful effects of

the MDE products mattered greatly in the epidemics presented here. The U.S. Surgeon Gener-

al’s 1964 smoking report as well as the 2011 CDC declaration of an epidemic of opioid over-

prescribing created the tipping points for consumption. In both epidemics, public officials

were supported by leading academics and professional associations. Anchoring public state-

ments and policies in reliable evidence and communicating the evidence in ways that can be

acted on by public health officials and MDE product users is vital to bending consumption

curves.

The WHO’s technical assessments, recommendations, and actions continue to play a cen-

tral role in the global response to MDEs. The WHO’s recommendation that no more than 10%

of daily calories should come from free sugars has influenced national recommendations and

nutritional labels. The 2003 WHO Framework Convention on Tobacco Control helped pro-

vide examples of legal defense against tobacco corporations to countries where tobacco had

not yet been a substantial presence. While not all legal advice has been taken, nations have

strengthened their laws to defend public health in ways they would likely not have pursued

without this code [134].

Mobilizing mitigation allies

Professional associations and civil society organizations including the Center for Science in

the Public Interest, the American Heart Association, National Harm Reduction Coalition, and

others played a pivotal role in creating an informed public and changing consumption behav-

ior. On the global level, the NCD Alliance, which works to prevent and control noncommunic-

able diseases, has a very active role in documenting and combatting “unhealthy commodity

industries” [126]. In the U.S., the Truth Initiative arose from the 1998 tobacco Master Settle-

ment Agreement and led the effort that helped reduce the youth smoking rate from 22.6% in

2000 to 2.3% in 2021 [135].

Corporate capture of professional associations has interfered with some associations’ origi-

nal missions serving public health [136]. For example, the Academy of Nutrition and Dietetics,

the world’s largest association of nutrition and dietetics professionals, has been criticized for

its financial ties to the food industry, taking “public positions favoring corporations,” and

other conflicts of interest [137].

Respected public leaders, journalists, and well-informed pop culture figures play a vital role

in communicating proven product harms to the public and amplifying scientific messages

with personal stories [70]. Oscar-winning actress Jamie Lee Curtis has commented on her opi-

ate addiction, and Grammy-nominated singer Demi Lovato has made three documentaries

about their adverse relationship with alcohol and other drugs [138]. Such personalities are

likely to reach youth more effectively than institutional public health messaging.

Conclusion

Appealing and often addictive products such as cigarettes, sugar, and prescription opioids will

continue to be marketed by companies seeking to capitalize on human needs and desires. It is

inevitable that some of these products will prove to have serious adverse health impacts. How-

ever, the magnitude of illness, death, social disruption, and economic loss caused by overuse
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and misuse of such products is not inevitable. The magnitude of the noncommunicable disease

epidemics demands that public health researchers and practitioners think creatively and apply

new lenses to existing issues, as MDEs continue claiming many unnecessary lives. We have

written about the successful decreases in MDE product consumption in the U.S., yet public

health action is still lagging on in critical areas such as accelerating opioid overdose deaths and

rising consumption of HFSS/UPF consumption.

Based on the present analysis, current efforts to combat MDEs will benefit from action in

three key areas.

First, the years-to-decades gap between credible suspicion of harm and rigorous confirma-

tion should be closed through research funding priorities based on the threat posed by emerg-

ing MDEs, redoubled efforts to prevent corporate undermining of public health research, and

exploration of increased reporting requirements for suspected harm.

Second, as in all areas of global public health, the role of public health leadership in com-

batting MDEs cannot be overstated. Such leadership was a critical element in bending the con-

sumption curves for the three MDEs presented here, as it has been in global efforts to reduce

the consumption of harmful products.

Third, mitigation efforts are strengthened and accelerated by mobilizing allies in profes-

sional associations, civil society organizations, journalists, and well-informed pop culture fig-

ures. Such allies played pivotal roles to bend both the cigarette and the sugar consumption

curves. Corporate capture remains a challenge for any potential ally.

While the specific product and circumstances are unique to each MDE, understanding the

epidemiology of consumption and health impacts, and epidemic milestones, should help pub-

lic health leaders combat current MDEs and more swiftly recognize future MDEs. Given the

similar patterns among different MDEs, public health leaders, researchers, civil society and

others can apply the mitigation strategies presented here to save lives and lessen the impact of

continuing and emerging MDEs.
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ing: crucially important, but increasingly challenged in a market-driven world. The Lancet. 2023;

401:472–85.

PLOS GLOBAL PUBLIC HEALTH Dynamics of market-driven epidemics: Insights from cigarette, sugar, prescription opioids

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003479 July 24, 2024 14 / 20

https://doi.org/10.1016/s0140-6736%2899%2990363-x
https://doi.org/10.1016/s0140-6736%2899%2990363-x
http://www.ncbi.nlm.nih.gov/pubmed/10691431
https://doi.org/10.1016/S2214-109X%2816%2930217-0
http://www.ncbi.nlm.nih.gov/pubmed/27855860
https://doi.org/10.1136/tobaccocontrol-2011-050338
https://doi.org/10.1136/tobaccocontrol-2011-050338
http://www.ncbi.nlm.nih.gov/pubmed/22345227
https://doi.org/10.1136/tobaccocontrol-2011-050294
http://www.ncbi.nlm.nih.gov/pubmed/22345230
https://doi.org/10.3390/nu10010039
http://www.ncbi.nlm.nih.gov/pubmed/29300309
https://doi.org/10.1093/ajcn/nqab270
https://doi.org/10.1016/j.cub.2017.07.018
https://doi.org/10.1016/j.cub.2017.07.018
http://www.ncbi.nlm.nih.gov/pubmed/28803868
https://doi.org/10.1038/s41574-021-00627-6
http://www.ncbi.nlm.nih.gov/pubmed/35064240
https://doi.org/10.1037/a0013628
http://www.ncbi.nlm.nih.gov/pubmed/18837637
https://doi.org/10.2105/AJPH.2007.131714
http://www.ncbi.nlm.nih.gov/pubmed/18799767
https://doi.org/10.1007/s40122-018-0097-6
https://doi.org/10.1007/s40122-018-0097-6
http://www.ncbi.nlm.nih.gov/pubmed/29691801
https://www.statnews.com/2019/12/03/oxycontin-history-told-through-purdue-pharma-documents/
https://www.statnews.com/2019/12/03/oxycontin-history-told-through-purdue-pharma-documents/
https://doi.org/10.1016/S0140-6736%2812%2962089-3
http://www.ncbi.nlm.nih.gov/pubmed/23410611
https://doi.org/10.1111/dar.12596
https://doi.org/10.1111/dar.12596
http://www.ncbi.nlm.nih.gov/pubmed/28881410
https://doi.org/10.3390/foods9081056
http://www.ncbi.nlm.nih.gov/pubmed/32759873
https://doi.org/10.1136/archdischild-2011-301299
http://www.ncbi.nlm.nih.gov/pubmed/22419779
https://doi.org/10.1371/journal.pgph.0003479


24. Schuman AJ. A concise history of infant formula (twists and turns included). Contemp Pediatr [Inter-

net]. 2003 Feb 1 [cited 2024 Jan 25];2. Available from: https://www.contemporarypediatrics.com/view/

concise-history-infant-formula-twists-and-turns-included

25. Smart R, Morral AR, Ramchand R, Charbonneau A, Williams J, Smucker S, et al. The Science of Gun

Policy: A Critical Synthesis of Research Evidence on the Effects of Gun Policies in the United States,

Third Edition [Internet]. Santa Monica, CA, USA: RAND Corporation; 2023 Jan p. 456. Available

from: https://www.rand.org/pubs/research_reports/RRA243-4.html

26. Haag P. The Gunning of America: Business and the Making of American Gun Culture. Basic Books;

2016.

27. Waxman O. The Inside History of How Guns Are Marketed and Sold in America. Time Mag [Internet].

2022 Aug 19 [cited 2022 Aug 21]; Available from: https://time.com/6207280/gun-industry-us-history/

28. Jafar Z, Quick JD, Larson HJ, Venegas-Vera V, Napoli PM, Musuka G, et al. Social Media for Public

Health: Reaping the Benefits, Mitigating the Harms. Health Promot Perspect. 2023; 13:105–12.

https://doi.org/10.34172/hpp.2023.13 PMID: 37600540

29. Patrick M, Venkatesh RD, Stukus DR. Social media and its impact on health care. Ann Allergy Asthma

Immunol Off Publ Am Coll Allergy Asthma Immunol. 2022; 128:139–45. https://doi.org/10.1016/j.anai.

2021.09.014 PMID: 34555532

30. Alter A. Irresistible: The Rise of Addictive Technology and the Business of Keeping Us Hooked. Pen-

guin Books; 2017.

31. Murray CJL, Aravkin AY, Zheng P, Abbafati C, Abbas KM, Abbasi-Kangevari M, et al. Global burden

of 87 risk factors in 204 countries and territories, 1990–2019: a systematic analysis for the Global Bur-

den of Disease Study 2019. The Lancet. 2020; 396:1223–49. https://doi.org/10.1016/S0140-6736(20)

30752-2 PMID: 33069327

32. Goodchild M, Nargis N, d’Espaignet ET. Global economic cost of smoking-attributable diseases. Tob

Control. 2018; 27:58–64. https://doi.org/10.1136/tobaccocontrol-2016-053305 PMID: 28138063

33. Bommer C, Sagalova V, Heesemann E, Manne-Goehler J, Atun R, Bärnighausen T, et al. Global Eco-

nomic Burden of Diabetes in Adults: Projections From 2015 to 2030. Diabetes Care. 2018; 41:963–70.

https://doi.org/10.2337/dc17-1962 PMID: 29475843

34. Cook C, Cole G, Asaria P, Jabbour R, Francis DP. The annual global economic burden of heart failure.

Int J Cardiol. 2014; 171:368–76. https://doi.org/10.1016/j.ijcard.2013.12.028 PMID: 24398230

35. McKinsey Global Institute (MGI). Overcoming obesity: An initial economic analysis. 2014 Nov.

36. Mialon M, Vandevijvere S, Carriedo-Lutzenkirchen A, Bero L, Gomes F, Petticrew M, et al. Mecha-

nisms for addressing and managing the influence of corporations on public health policy, research and

practice: a scoping review. BMJ Open. 2020; 10:e034082. https://doi.org/10.1136/bmjopen-2019-

034082 PMID: 32690498

37. Lobstein T, Neveux M, Landon J. Costs, equity and acceptability of three policies to prevent obesity: A

narrative review to support policy development. Obes Sci Pract. 2020; 6:562–83. https://doi.org/10.

1002/osp4.423 PMID: 33082998

38. Gilmore AB, Fabbri A, Baum F, Bertscher A, Bondy K, Chang H-J, et al. Defining and conceptualising

the commercial determinants of health. Lancet Lond Engl. 2023; 401:1194–213. https://doi.org/10.

1016/S0140-6736(23)00013-2 PMID: 36966782

39. Friel S, Collin J, Daube M, Depoux A, Freudenberg N, Gilmore AB, et al. Commercial determinants of

health: future directions. The Lancet. 2023; 401:1229–40. https://doi.org/10.1016/S0140-6736(23)

00011-9 PMID: 36966784

40. Mialon M, Swinburn B, Sacks G. A proposed approach to systematically identify and monitor the cor-

porate political activity of the food industry with respect to public health using publicly available infor-

mation. Obes Rev. 2015; 16:519–30. https://doi.org/10.1111/obr.12289 PMID: 25988272

41. Lee K, Freudenberg N, Zenone M, Smith J, Mialon M, Marten R, et al. Measuring the Commercial

Determinants of Health and Disease: A Proposed Framework. Int J Health Serv. 2022; 52:115–28.

https://doi.org/10.1177/00207314211044992 PMID: 34723675

42. International Smoking Statistics. Sales of cigarettes per adult per day, 1900 to 2014 [Internet]. Our

World Data. 2017 [cited 2023 Jan 23]. Available from: https://ourworldindata.org/grapher/sales-of-

cigarettes-per-adult-per-day

43. Economic Research Service. Sugar and Sweeteners Yearbook Tables [Internet]. US Department of

Agriculture; 2022. Available from: https://www.ers.usda.gov/data-products/sugar-and-sweeteners-

yearbook-tables.aspx

44. IQVIA National Prescription Audit. Prescription Opioid Use in Morphine Milligram Equivalents (MME),

1992–2022. IQVIA Institute; 2022 Sep.

PLOS GLOBAL PUBLIC HEALTH Dynamics of market-driven epidemics: Insights from cigarette, sugar, prescription opioids

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003479 July 24, 2024 15 / 20

https://www.contemporarypediatrics.com/view/concise-history-infant-formula-twists-and-turns-included
https://www.contemporarypediatrics.com/view/concise-history-infant-formula-twists-and-turns-included
https://www.rand.org/pubs/research_reports/RRA243-4.html
https://time.com/6207280/gun-industry-us-history/
https://doi.org/10.34172/hpp.2023.13
http://www.ncbi.nlm.nih.gov/pubmed/37600540
https://doi.org/10.1016/j.anai.2021.09.014
https://doi.org/10.1016/j.anai.2021.09.014
http://www.ncbi.nlm.nih.gov/pubmed/34555532
https://doi.org/10.1016/S0140-6736%2820%2930752-2
https://doi.org/10.1016/S0140-6736%2820%2930752-2
http://www.ncbi.nlm.nih.gov/pubmed/33069327
https://doi.org/10.1136/tobaccocontrol-2016-053305
http://www.ncbi.nlm.nih.gov/pubmed/28138063
https://doi.org/10.2337/dc17-1962
http://www.ncbi.nlm.nih.gov/pubmed/29475843
https://doi.org/10.1016/j.ijcard.2013.12.028
http://www.ncbi.nlm.nih.gov/pubmed/24398230
https://doi.org/10.1136/bmjopen-2019-034082
https://doi.org/10.1136/bmjopen-2019-034082
http://www.ncbi.nlm.nih.gov/pubmed/32690498
https://doi.org/10.1002/osp4.423
https://doi.org/10.1002/osp4.423
http://www.ncbi.nlm.nih.gov/pubmed/33082998
https://doi.org/10.1016/S0140-6736%2823%2900013-2
https://doi.org/10.1016/S0140-6736%2823%2900013-2
http://www.ncbi.nlm.nih.gov/pubmed/36966782
https://doi.org/10.1016/S0140-6736%2823%2900011-9
https://doi.org/10.1016/S0140-6736%2823%2900011-9
http://www.ncbi.nlm.nih.gov/pubmed/36966784
https://doi.org/10.1111/obr.12289
http://www.ncbi.nlm.nih.gov/pubmed/25988272
https://doi.org/10.1177/00207314211044992
http://www.ncbi.nlm.nih.gov/pubmed/34723675
https://ourworldindata.org/grapher/sales-of-cigarettes-per-adult-per-day
https://ourworldindata.org/grapher/sales-of-cigarettes-per-adult-per-day
https://www.ers.usda.gov/data-products/sugar-and-sweeteners-yearbook-tables.aspx
https://www.ers.usda.gov/data-products/sugar-and-sweeteners-yearbook-tables.aspx
https://doi.org/10.1371/journal.pgph.0003479


45. WHO Mortality Database. Lung cancer death rates, United States, 1950 to 2020 [Internet]. Our World

Data. 2022 [cited 2023 May 26]. Available from: https://ourworldindata.org/grapher/lung-cancer-

deaths-per-100000-by-sex-1950-2002

46. Benoit SR, Hora I, Albright AL, Gregg EW. New directions in incidence and prevalence of diagnosed

diabetes in the USA. BMJ Open Diabetes Res Care. 2019; 7:e000657. https://doi.org/10.1136/bmjdrc-

2019-000657 PMID: 31245008

47. National Center for Injury Prevention and Control. Overdose Death Rates Involving Opioids, by Type,

United States, 1999–2020 [Internet]. Cent. Dis. Control Prev. 2022 [cited 2023 Jul 28]. Available from:

https://www.cdc.gov/drugoverdose/data/OD-death-data.html

48. Pandemic Influenza Preparedness And Response [Internet]. [cited 2024 Jan 24]. Available from:

https://www.who.int/publications-detail-redirect/9789241547680

49. Lopez AD, Collishaw NE, Piha T. A descriptive model of the cigarette epidemic in developed countries.

Tob Control. 1994; 3:242–7.

50. Amos A, Haglund M. From social taboo to “torch of freedom”: the marketing of cigarettes to women.

Tob Control. 2000; 9:3–8. https://doi.org/10.1136/tc.9.1.3 PMID: 10691743

51. Smith EA, Malone RE. “Everywhere the Soldier Will Be”: Wartime Tobacco Promotion in the US Mili-

taryAm J Public Health. 2009; 99:1595–602. https://doi.org/10.2105/AJPH.2008.152983 PMID:

19608945

52. Anderson S, Glantz S, Ling P. Emotions for sale: cigarette advertising and women’s psychosocial

needs. Tob Control. 2005; 14:127–35. https://doi.org/10.1136/tc.2004.009076 PMID: 15791023

53. Harrington R. Kool Jazz Fest Returns. Wash Post [Internet]. 1983 Apr 14 [cited 2023 May 4]; Available

from: https://www.washingtonpost.com/archive/lifestyle/1983/04/14/kool-jazz-fest-returns/fc6dcecb-

345a-4814-9581-298f7f040c32/

54. Limbong A. How the tobacco industry targeted Black Americans with menthol smokes. NPR [Internet].

2022 Apr 29 [cited 2023 Jan 18]; Available from: https://www.npr.org/2022/04/29/1095291808/

tobacco-industry-targeted-black-americans-with-menthols

55. The Stanford Research into the Impact of Tobacco Advertising (SRITA). Marlboro Men [Internet].

Stanf. Univ. [cited 2024 Jan 18]. Available from: https://tobacco.stanford.edu/cigarettes/filter-safety-

myths/marlboro-men/

56. Freiberg M, Cork K, Mahoney M. The Verdict Is In: Findings from United States v. Philip Morris, The

Hazards of Smoking [Internet]. Saint Paul, Minnesota: Tobacco Control Legal Consortium; 2006 p.

68. Available from: https://publichealthlawcenter.org/sites/default/files/resources/tclc-verdict-is-in.pdf

57. Moss M. Chapter Five: Variety Seekers. Hooked Food Free Will Food Giants Exploit Our Addict. Ran-

dom House Publishing Group; 2021. p. 113.

58. Rao P, Rodriguez RL, Shoemaker SP. Addressing the sugar, salt, and fat issue the science of food

way. NPJ Sci Food. 2018; 2:12. https://doi.org/10.1038/s41538-018-0020-x PMID: 31304262

59. Nachay K. Bringing Food Texture to the Forefront. Food Technol Mag Inst Food Technol [Internet].

2020 May 1 [cited 2024 May 16]; Available from: https://www.ift.org/news-and-publications/food-

technology-magazine/issues/2020/may/columns/bringing-food-texture-to-the-forefront

60. Molnar A, Garcia DR, Boninger F, Merrill B. A National Survey of the Types and Extent of the Market-

ing of Foods of Minimal Nutritional Value in Schools [Internet]. Tempe, AZ, USA: Arizona State Uni-

versity: Commercialism in Education Research Unit (CERU); 2006 Sep p. 7. Available from: https://

nepc.colorado.edu/publication/national-survey-types-and-extent-marketing-foods-minimal-nutritional-

value-schools

61. La Berge AF. How the Ideology of Low Fat Conquered America. J Hist Med Allied Sci. 2008; 63:139–

77. https://doi.org/10.1093/jhmas/jrn001 PMID: 18296750

62. Ahari S. I was a drug rep. I know how pharma companies pushed opioids. Wash Post [Internet]. 2019

Nov 26 [cited 2024 Jan 19]; Available from: https://www.washingtonpost.com/outlook/i-was-a-drug-

rep-i-know-how-pharma-companies-pushed-opioids/2019/11/25/82b1da88-beb9-11e9-9b73-

fd3c65ef8f9c_story.html

63. Fenton JJ, Jerant AF, Bertakis KD, Franks P. The cost of satisfaction: a national study of patient satis-

faction, health care utilization, expenditures, and mortality. Arch Intern Med. 2012; 172:405–11.

https://doi.org/10.1001/archinternmed.2011.1662 PMID: 22331982

64. Hoffman J. CVS, Walgreens and Walmart Must Pay $650.5 Million in Ohio Opioids Case. N Y Times

[Internet]. 2022 Aug 17 [cited 2022 Aug 17]; Available from: https://www.nytimes.com/2022/08/17/

health/opioids-cvs-walmart-walgreens.html

65. Adler I. Primary Malignant Growths of the Lungs and Bronchi [Internet]. London, UK: Longmans;

1912. Available from: https://www-sciencedirect-com.libproxy.lib.unc.edu/science/article/pii/

S0140673657906141

PLOS GLOBAL PUBLIC HEALTH Dynamics of market-driven epidemics: Insights from cigarette, sugar, prescription opioids

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003479 July 24, 2024 16 / 20

https://ourworldindata.org/grapher/lung-cancer-deaths-per-100000-by-sex-1950-2002
https://ourworldindata.org/grapher/lung-cancer-deaths-per-100000-by-sex-1950-2002
https://doi.org/10.1136/bmjdrc-2019-000657
https://doi.org/10.1136/bmjdrc-2019-000657
http://www.ncbi.nlm.nih.gov/pubmed/31245008
https://www.cdc.gov/drugoverdose/data/OD-death-data.html
https://www.who.int/publications-detail-redirect/9789241547680
https://doi.org/10.1136/tc.9.1.3
http://www.ncbi.nlm.nih.gov/pubmed/10691743
https://doi.org/10.2105/AJPH.2008.152983
http://www.ncbi.nlm.nih.gov/pubmed/19608945
https://doi.org/10.1136/tc.2004.009076
http://www.ncbi.nlm.nih.gov/pubmed/15791023
https://www.washingtonpost.com/archive/lifestyle/1983/04/14/kool-jazz-fest-returns/fc6dcecb-345a-4814-9581-298f7f040c32/
https://www.washingtonpost.com/archive/lifestyle/1983/04/14/kool-jazz-fest-returns/fc6dcecb-345a-4814-9581-298f7f040c32/
https://www.npr.org/2022/04/29/1095291808/tobacco-industry-targeted-black-americans-with-menthols
https://www.npr.org/2022/04/29/1095291808/tobacco-industry-targeted-black-americans-with-menthols
https://tobacco.stanford.edu/cigarettes/filter-safety-myths/marlboro-men/
https://tobacco.stanford.edu/cigarettes/filter-safety-myths/marlboro-men/
https://publichealthlawcenter.org/sites/default/files/resources/tclc-verdict-is-in.pdf
https://doi.org/10.1038/s41538-018-0020-x
http://www.ncbi.nlm.nih.gov/pubmed/31304262
https://www.ift.org/news-and-publications/food-technology-magazine/issues/2020/may/columns/bringing-food-texture-to-the-forefront
https://www.ift.org/news-and-publications/food-technology-magazine/issues/2020/may/columns/bringing-food-texture-to-the-forefront
https://nepc.colorado.edu/publication/national-survey-types-and-extent-marketing-foods-minimal-nutritional-value-schools
https://nepc.colorado.edu/publication/national-survey-types-and-extent-marketing-foods-minimal-nutritional-value-schools
https://nepc.colorado.edu/publication/national-survey-types-and-extent-marketing-foods-minimal-nutritional-value-schools
https://doi.org/10.1093/jhmas/jrn001
http://www.ncbi.nlm.nih.gov/pubmed/18296750
https://www.washingtonpost.com/outlook/i-was-a-drug-rep-i-know-how-pharma-companies-pushed-opioids/2019/11/25/82b1da88-beb9-11e9-9b73-fd3c65ef8f9c_story.html
https://www.washingtonpost.com/outlook/i-was-a-drug-rep-i-know-how-pharma-companies-pushed-opioids/2019/11/25/82b1da88-beb9-11e9-9b73-fd3c65ef8f9c_story.html
https://www.washingtonpost.com/outlook/i-was-a-drug-rep-i-know-how-pharma-companies-pushed-opioids/2019/11/25/82b1da88-beb9-11e9-9b73-fd3c65ef8f9c_story.html
https://doi.org/10.1001/archinternmed.2011.1662
http://www.ncbi.nlm.nih.gov/pubmed/22331982
https://www.nytimes.com/2022/08/17/health/opioids-cvs-walmart-walgreens.html
https://www.nytimes.com/2022/08/17/health/opioids-cvs-walmart-walgreens.html
https://www-sciencedirect-com.libproxy.lib.unc.edu/science/article/pii/S0140673657906141
https://www-sciencedirect-com.libproxy.lib.unc.edu/science/article/pii/S0140673657906141
https://doi.org/10.1371/journal.pgph.0003479


66. Doll R, Hill AB. The Mortality of Doctors in Relation to Their Smoking Habits. Br Med J. 1954; 1:1451–

5.

67. Yudkin J.Diet and Coronary Thrombosis: Hypothesis and Fact. The Lancet. 1957; 270:155–62.

https://doi.org/10.1016/s0140-6736(57)90614-1 PMID: 13450357

68. Keys A, Aravanis C, Blackburn HW, Van Buchem FS, Buzina R, Djordjević BD, et al. Epidemiological

studies related to coronary heart disease: characteristics of men aged 40–59 in seven countries. Acta

Med Scand Suppl. 1966; 460:1–392. PMID: 5226858

69. Howard BV, Van Horn L, Hsia J, Manson JE, Stefanick ML, Wassertheil-Smoller S, et al. Low-fat die-

tary pattern and risk of cardiovascular disease: the Women’s Health Initiative Randomized Controlled

Dietary Modification Trial. JAMA. 2006; 295:655–66. https://doi.org/10.1001/jama.295.6.655 PMID:

16467234

70. Ryan H, Girion L, Glover S. ‘You want a Description of Hell?’ OxyContin’s 12-Hour Problem. Los Angel

Times [Internet]. 2016 [cited 2022 Aug 25]; Available from: http://www.latimes.com/projects/la-me-

oxycontin-full-coverage/

71. Catan T, Perez E. A Pain-Drug Champion Has Second Thoughts. Wall Str J [Internet]. 2012 Dec 15

[cited 2024 Jan 22]; Available from: http://online.wsj.com/article/SB10001424127887324478304578

173342657044604.html

72. Cities & States Sue Big Pharma, Targeting the Firms Who Profited from Peddling Addictive Opioids

[Internet]. Democr. Now. 2018 [cited 2024 Jan 23]. Available from: https://www.democracynow.org/

2018/6/1/cities_states_sue_big_pharma_targeting

73. Meier B. Pain Killer: An Empire of Deceit and the Origin of America’s Opioid Epidemic. Random House

Publishing Group; 2018.

74. Sajan A, Corneil T, Grzybowski S. The street value of prescription drugs. CMAJ Can Med Assoc J.

1998; 159:139–42. PMID: 9700324

75. Meier B. Origins of an Epidemic: Purdue Pharma Knew Its Opioids Were Widely Abused. N Y Times

[Internet]. 2018 May 29 [cited 2024 Jan 10]; Available from: https://www.nytimes.com/2018/05/29/

health/purdue-opioids-oxycontin.html

76. OxyContin: Its Use and Abuse [Internet]. Pennsylvania, U.S.: United States House of Representa-

tives; 2001. p. 88. Available from: https://www.govinfo.gov/content/pkg/CHRG-107hhrg75754/pdf/

CHRG-107hhrg75754.pdf

77. UCSF, Johns Hopkins University. The Opioid Industry Documents Archive [Internet]. 2021 [cited 2022

Nov 7]. Available from: https://www.industrydocuments.ucsf.edu/opioids/

78. Centers for Disease Control and Prevention (CDC). Vital signs: overdoses of prescription opioid pain

relievers—United States, 1999–2008. MMWR Morb Mortal Wkly Rep. 2011; 60:1487–92. PMID:

22048730

79. Lewin A, Lindstrom L, Nestle M. Food Industry Promises to Address Childhood Obesity: Preliminary

Evaluation. J Public Health Policy. 2006; 27:327–48. https://doi.org/10.1057/palgrave.jphp.3200098

PMID: 17164800

80. Creswell J. Indra Nooyi, PepsiCo C.E.O. Who Pushed for Healthier Products, to Step Down. N Y

Times [Internet]. 2018 Aug 6 [cited 2022 Sep 26]; Available from: https://www.nytimes.com/2018/08/

06/business/indra-nooyi-pepsi.html

81. Keefe PR. Empire of Pain: The Secret History of the Sackler Dynasty. Knopf Doubleday Publishing

Group; 2021.

82. Lacy-Nichols J, Marten R, Crosbie E, Moodie R. The public health playbook: ideas for challenging the

corporate playbook. Lancet Glob Health. 2022; 10:e1067–72. https://doi.org/10.1016/S2214-109X

(22)00185-1 PMID: 35623376

83. Goldberg RF, Vandenberg LN. The science of spin: targeted strategies to manufacture doubt with det-

rimental effects on environmental and public health. Environ Health. 2021; 20:33. https://doi.org/10.

1186/s12940-021-00723-0 PMID: 33771171

84. Oreskes N, Conway EM. Merchants of Doubt: How a Handful of Scientists Obscured the Truth on

Issues from Tobacco Smoke to Global Warming. A&C Black; 2011.

85. Glantz SA, Barnes DE, Bero L, Hanauer P, Slade J. Looking through a keyhole at the tobacco industry.

The Brown and Williamson documents. JAMA. 1995; 274:219–24. PMID: 7609230

86. Kearns CE, Apollonio D, Glantz SA. Sugar industry sponsorship of germ-free rodent studies linking

sucrose to hyperlipidemia and cancer: An historical analysis of internal documents. PLoS Biol. 2017;

15:e2003460. https://doi.org/10.1371/journal.pbio.2003460 PMID: 29161267

87. Kearns CE, Schmidt LA, Glantz SA. Sugar Industry and Coronary Heart Disease Research: A Histori-

cal Analysis of Internal Industry Documents. JAMA Intern Med. 2016; 176:1680–5. https://doi.org/10.

1001/jamainternmed.2016.5394 PMID: 27617709

PLOS GLOBAL PUBLIC HEALTH Dynamics of market-driven epidemics: Insights from cigarette, sugar, prescription opioids

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003479 July 24, 2024 17 / 20

https://doi.org/10.1016/s0140-6736%2857%2990614-1
http://www.ncbi.nlm.nih.gov/pubmed/13450357
http://www.ncbi.nlm.nih.gov/pubmed/5226858
https://doi.org/10.1001/jama.295.6.655
http://www.ncbi.nlm.nih.gov/pubmed/16467234
http://www.latimes.com/projects/la-me-oxycontin-full-coverage/
http://www.latimes.com/projects/la-me-oxycontin-full-coverage/
http://online.wsj.com/article/SB10001424127887324478304578173342657044604.html
http://online.wsj.com/article/SB10001424127887324478304578173342657044604.html
https://www.democracynow.org/2018/6/1/cities_states_sue_big_pharma_targeting
https://www.democracynow.org/2018/6/1/cities_states_sue_big_pharma_targeting
http://www.ncbi.nlm.nih.gov/pubmed/9700324
https://www.nytimes.com/2018/05/29/health/purdue-opioids-oxycontin.html
https://www.nytimes.com/2018/05/29/health/purdue-opioids-oxycontin.html
https://www.govinfo.gov/content/pkg/CHRG-107hhrg75754/pdf/CHRG-107hhrg75754.pdf
https://www.govinfo.gov/content/pkg/CHRG-107hhrg75754/pdf/CHRG-107hhrg75754.pdf
https://www.industrydocuments.ucsf.edu/opioids/
http://www.ncbi.nlm.nih.gov/pubmed/22048730
https://doi.org/10.1057/palgrave.jphp.3200098
http://www.ncbi.nlm.nih.gov/pubmed/17164800
https://www.nytimes.com/2018/08/06/business/indra-nooyi-pepsi.html
https://www.nytimes.com/2018/08/06/business/indra-nooyi-pepsi.html
https://doi.org/10.1016/S2214-109X%2822%2900185-1
https://doi.org/10.1016/S2214-109X%2822%2900185-1
http://www.ncbi.nlm.nih.gov/pubmed/35623376
https://doi.org/10.1186/s12940-021-00723-0
https://doi.org/10.1186/s12940-021-00723-0
http://www.ncbi.nlm.nih.gov/pubmed/33771171
http://www.ncbi.nlm.nih.gov/pubmed/7609230
https://doi.org/10.1371/journal.pbio.2003460
http://www.ncbi.nlm.nih.gov/pubmed/29161267
https://doi.org/10.1001/jamainternmed.2016.5394
https://doi.org/10.1001/jamainternmed.2016.5394
http://www.ncbi.nlm.nih.gov/pubmed/27617709
https://doi.org/10.1371/journal.pgph.0003479


88. Schillinger D, Tran J, Mangurian C, Kearns C. Do Sugar-Sweetened Beverages Cause Obesity and

Diabetes? Industry and the Manufacture of Scientific Controversy. Ann Intern Med. 2016; 165:895–7.

https://doi.org/10.7326/L16-0534 PMID: 27802504

89. McGreal C. Doctor who was paid by Purdue to push opioids to testify against drugmaker. The Guard-

ian [Internet]. 2019 Apr 10 [cited 2024 Jan 22]; Available from: https://www.theguardian.com/us-news/

2019/apr/10/purdue-opioids-crisis-doctor-testify-against-drugmaker

90. Legg T, Hatchard J, Gilmore AB. The Science for Profit Model-How and why corporations influence

science and the use of science in policy and practice. PloS One. 2021; 16:e0253272. https://doi.org/

10.1371/journal.pone.0253272 PMID: 34161371

91. Oppenheimer GM, Benrubi ID. McGovern’s Senate Select Committee on Nutrition and Human Needs

Versus the: Meat Industry on the Diet-Heart Question (1976–1977). Am J Public Health. 2014;

104:59–69. https://doi.org/10.2105/AJPH.2013.301464 PMID: 24228658

92. Boseley S, McMahon J. Political Context of the World Health Organization: Sugar Industry Threatens

to Scupper the WHO. Int J Health Serv. 2003; 33:831–3. https://doi.org/10.2190/U0MW-WM82-

N5BH-E20C PMID: 14758862

93. Malone P. Ugly details emerge on how Big Pharma fueled painkiller scourge. JD Supra [Internet].

2016 Sep 26 [cited 2024 Jan 23]; Available from: https://www.jdsupra.com/legalnews/ugly-details-

emerge-on-how-big-pharma-65977/

94. Bloodsworth D, Staff S. State Flip Flops on Painkiller. Orlando Sentin [Internet]. 2018 Oct 25 [cited

2024 Jan 23]; Available from: https://www.orlandosentinel.com/2003/10/20/state-flip-flops-on-

painkiller/

95. Higham S, Bernstein L. The Drug Industry’s Triumph Over the DEA. Wash Post [Internet]. 2017 Oct 15

[cited 2024 Jan 23]; Available from: https://www.washingtonpost.com/graphics/2017/investigations/

dea-drug-industry-congress/

96. National Library of Medicine. The 1964 Report on Smoking and Health [Internet]. Rep. Surg. Gen.—

Profiles Sci. 2019 [cited 2022 Dec 10]. Available from: https://profiles.nlm.nih.gov/spotlight/nn/feature/

smoking

97. University of Bath. Tobacco Industry Research Committee [Internet]. Tob. Tactics. 2020 [cited 2023

Jan 24]. Available from: https://tobaccotactics.org/wiki/tobacco-industry-research-committee/

98. Jones WJ, Silvestri GA. The Master Settlement Agreement and Its Impact on Tobacco Use 10 Years

Later. Chest. 2010; 137:692–700.

99. Flegal KM, Carroll MD, Kuczmarski RJ, Johnson CL. Overweight and obesity in the United States:

prevalence and trends, 1960–1994. Int J Obes Relat Metab Disord J Int Assoc Study Obes. 1998;

22:39–47. https://doi.org/10.1038/sj.ijo.0800541 PMID: 9481598

100. “America: Drowning in Sugar” [Internet]. Cent. Sci. Public Interest. [cited 2023 Sep 6]. Available from:

https://www.cspinet.org/new/sugar.html

101. Office of the Surgeon General (US), Office of Disease Prevention and Health Promotion (US), Centers

for Disease Control and Prevention (US), National Institutes of Health (US). The Surgeon General’s

Call To Action To Prevent and Decrease Overweight and Obesity [Internet]. Rockville, MD: U.S.

Department of Health and Human Services; 2001 [cited 2023 Sep 4]. Available from: http://www.ncbi.

nlm.nih.gov/books/NBK44206/

102. Humphreys K, Shover CL, Andrews CM, Bohnert ASB, Brandeau ML, Caulkins JP, et al. Responding

to the opioid crisis in North America and beyond: recommendations of the Stanford-Lancet Commis-

sion. Lancet Lond Engl. 2022; 399:555–604.

103. Reuters. OxyContin maker Purdue Pharma stops promoting opioids, cuts sales staff. Wash Post

[Internet]. 2018 Feb 10 [cited 2022 Jul 7]; Available from: https://www.washingtonpost.com/national/

health-science/oxycontin-maker-purdue-pharma-to-stop-promoting-the-drug-to-doctors/2018/02/10/

c59be118-0ea7-11e8-95a5-c396801049ef_story.html

104. Griffin OH, Spillane JF. Pharmaceutical Regulation Failures and Changes: Lessons Learned From

OxyContin Abuse and Diversion. J Drug Issues. 2013; 43:164–75.

105. National Opioid Settlement. Executive Summary [Internet]. [cited 2022 Aug 4]. Available from: https://

nationalopioidsettlement.com/executive-summary/

106. Savell E, Gilmore AB, Sims M, Mony PK, Koon T, Yusoff K, et al. The environmental profile of a com-

munity’s health: a cross-sectional study on tobacco marketing in 16 countries. Bull World Health

Organ. 2015; 93:851–861G. https://doi.org/10.2471/BLT.15.155846 PMID: 26668437

107. Ryan H, Girion L, Glover S. OxyContin goes global—“We’re only just getting started.” LA Times [Inter-

net]. 2016 Dec 18 [cited 2022 Aug 4]; Available from: http://www.latimes.com/projects/la-me-

oxycontin-part3/

PLOS GLOBAL PUBLIC HEALTH Dynamics of market-driven epidemics: Insights from cigarette, sugar, prescription opioids

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003479 July 24, 2024 18 / 20

https://doi.org/10.7326/L16-0534
http://www.ncbi.nlm.nih.gov/pubmed/27802504
https://www.theguardian.com/us-news/2019/apr/10/purdue-opioids-crisis-doctor-testify-against-drugmaker
https://www.theguardian.com/us-news/2019/apr/10/purdue-opioids-crisis-doctor-testify-against-drugmaker
https://doi.org/10.1371/journal.pone.0253272
https://doi.org/10.1371/journal.pone.0253272
http://www.ncbi.nlm.nih.gov/pubmed/34161371
https://doi.org/10.2105/AJPH.2013.301464
http://www.ncbi.nlm.nih.gov/pubmed/24228658
https://doi.org/10.2190/U0MW-WM82-N5BH-E20C
https://doi.org/10.2190/U0MW-WM82-N5BH-E20C
http://www.ncbi.nlm.nih.gov/pubmed/14758862
https://www.jdsupra.com/legalnews/ugly-details-emerge-on-how-big-pharma-65977/
https://www.jdsupra.com/legalnews/ugly-details-emerge-on-how-big-pharma-65977/
https://www.orlandosentinel.com/2003/10/20/state-flip-flops-on-painkiller/
https://www.orlandosentinel.com/2003/10/20/state-flip-flops-on-painkiller/
https://www.washingtonpost.com/graphics/2017/investigations/dea-drug-industry-congress/
https://www.washingtonpost.com/graphics/2017/investigations/dea-drug-industry-congress/
https://profiles.nlm.nih.gov/spotlight/nn/feature/smoking
https://profiles.nlm.nih.gov/spotlight/nn/feature/smoking
https://tobaccotactics.org/wiki/tobacco-industry-research-committee/
https://doi.org/10.1038/sj.ijo.0800541
http://www.ncbi.nlm.nih.gov/pubmed/9481598
https://www.cspinet.org/new/sugar.html
http://www.ncbi.nlm.nih.gov/books/NBK44206/
http://www.ncbi.nlm.nih.gov/books/NBK44206/
https://www.washingtonpost.com/national/health-science/oxycontin-maker-purdue-pharma-to-stop-promoting-the-drug-to-doctors/2018/02/10/c59be118-0ea7-11e8-95a5-c396801049ef_story.html
https://www.washingtonpost.com/national/health-science/oxycontin-maker-purdue-pharma-to-stop-promoting-the-drug-to-doctors/2018/02/10/c59be118-0ea7-11e8-95a5-c396801049ef_story.html
https://www.washingtonpost.com/national/health-science/oxycontin-maker-purdue-pharma-to-stop-promoting-the-drug-to-doctors/2018/02/10/c59be118-0ea7-11e8-95a5-c396801049ef_story.html
https://nationalopioidsettlement.com/executive-summary/
https://nationalopioidsettlement.com/executive-summary/
https://doi.org/10.2471/BLT.15.155846
http://www.ncbi.nlm.nih.gov/pubmed/26668437
http://www.latimes.com/projects/la-me-oxycontin-part3/
http://www.latimes.com/projects/la-me-oxycontin-part3/
https://doi.org/10.1371/journal.pgph.0003479


108. Taylor AL, Jacobson MF. Carbonating the World: The Marketing and Health Impact of Sugar Drinks in

Low- and Middle-Income Countries. Washington, DC: Center for Science in the Public Interest; 2016

p. 98.

109. Dutra LM, Grana R, Glantz SA. Philip Morris research on precursors to the modern e-cigarette since

1990. Tob Control. 2017; 26:e97–105. https://doi.org/10.1136/tobaccocontrol-2016-053406 PMID:

27852893

110. Stanhope KL, Medici V, Bremer AA, Lee V, Lam HD, Nunez MV, et al. A dose-response study of con-

suming high-fructose corn syrup-sweetened beverages on lipid/lipoprotein risk factors for cardiovascu-

lar disease in young adults. Am J Clin Nutr. 2015; 101:1144–54. https://doi.org/10.3945/ajcn.114.

100461 PMID: 25904601

111. Bray GA, Nielsen SJ, Popkin BM. Consumption of high-fructose corn syrup in beverages may play a

role in the epidemic of obesity. Am J Clin Nutr. 2004; 79:537–43. https://doi.org/10.1093/ajcn/79.4.537

PMID: 15051594

112. Debras C, Chazelas E, Srour B, Druesne-Pecollo N, Esseddik Y, Szabo de Edelenyi F, et al. Artificial

sweeteners and cancer risk: Results from the NutriNet-Santé population-based cohort study. PLoS
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