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Policy Points:

� Ultraprocessed foods (UPFs) are engineered to heighten reward and accelerate delivery
of reinforcing ingredients, driving compulsive consumption and disrupting appetite
regulation. This is a growing challenge for health policy.

� UPFs share key engineering strategies adopted from the tobacco industry, such as
dose optimization and hedonic manipulation. These parallels should inform how we
classify and regulate UPFs.

� Policy tools that helped reduce tobacco-related harm, including restrictions on child-
targeted marketing, taxes, improved labeling, limits on availability in schools and
hospitals, and litigation, should be adapted to address the public-health threat posed
by UPFs.

Context: Ultraprocessed foods (UPFs) now dominate the global food supply and are strongly
associated with risks for heart disease, cancers, metabolic disease, diabetes, and obesity. UPFs
are likely associated with rates of neurologic issues such as dementia and Parkinson’s disease
and predict premature death. Drawing on the history of tobacco regulation, we examine how
the design, marketing, and distribution of UPFs mirror those of industrial tobacco products.
Such information speaks to the sophistication and aims of food product manipulation and its
consequences.

Methods: This review synthesizes findings from addiction science, nutrition, and public
health history to identify structural and sensory features that increase the reinforcing potential
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of both cigarettes and UPFs. We focus on five key areas: dose optimization, delivery speed,
hedonic engineering, environmental ubiquity, and deceptive reformulation.

Findings: Cigarettes and UPFs are not simply natural products but highly engineered de-
livery systems designed specifically to maximize biological and psychological reinforcement
and habitual overuse. Both industries have used similar strategies to increase product appeal,
evade regulation, and shape public perception, including adding sensory additives, acceler-
ating reward delivery, expanding contextual access, and deploying health-washing claims.
These design features collectively hijack human biology, undermine individual agency, and
contribute heavily to disease and health care costs.

Conclusions:UPFs should be evaluated not only through a nutritional lens but also as addic-
tive, industrially engineered substances. Lessons from tobacco regulation, including litigation,
marketing restrictions, and structural interventions, offer a roadmap for reducing UPF-related
harm. Public health efforts must shift from individual responsibility to food industry account-
ability, recognizing UPFs as potent drivers of preventable disease.

Keywords: ultraprocessed foods, cigarettes, tobacco regulation, addiction, public policy,
commercial determinants of health.

Engineered Addictions

Ultraprocessed food (UPFs) and beverages now dominate the food supply in many
industrialized nations and are rapidly spreading across the globe.1,2 These products
are not simply modified foods—they are carefully engineered to maximize hedonic
impact, consumption, and profitability through industrial processing.3,4 A growing
body of evidence links UPFs to the global rise in diet-related diseases,5 and many
individuals report difficulty moderating their intake, often describing behaviors con-
sistent with addiction.6 Despite this, scientific and public health responses to UPFs
remain fragmented, in part owing to controversy and industry-driven doubt that ob-
scure both the risks and the mechanisms underlying these products’ appeal.7,8 This
dynamic has hampered effective policy action and delayed meaningful intervention.
Tobacco cigarettes and UPFs share many key features: both are industrially engi-

neered substances that deliver powerful sensory experiences and have been, in some
cases, produced or owned by the same corporations.9–11 Tobacco companies (R.J.
Reynolds and Philip Morris) acquired companies such as Kraft, General Foods, and
Nabisco and were top manufacturers and marketers of UPFs from the 1980s through
the mid-2000s.10–11 The science around UPFs has been primarily shaped by nutri-
tion science, which often frames food in terms of nutrients and physiological needs.
However, UPFs may be viewed as well through the lens of addiction science, which
considers how processed substances are optimized for compulsive consumption.
The history of tobacco regulation offers a compelling parallel for understanding

UPFs. Reducing cigarette use stands as one of the most significant public health
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From Tobacco to Ultraprocessed Food 3

achievements of the 20th century, but it required decades of scientific advance, advo-
cacy, policy change, and litigation against a powerful industry determined to evade
accountability and protect its profits.12 In the decades between known harm and
meaningful action, millions more became addicted, and rates of preventable disease
soared. These patterns are now echoed in the proliferation of UPFs.13 In the sections
that follow, we examine how UPFs are deliberately engineered for maximum ap-
peal and profitability, often using strategies analogous to those employed to optimize
cigarettes. We propose that these parallels offer unique insight into how UPFs have
come to dominate modern diets and why so many consumers struggle to moderate
their intake. Based on this analysis (Table 1), we argue that many UPFs share more
characteristics with cigarettes than with minimally processed fruits or vegetables and
therefore warrant regulation commensurate with the significant public-health risks
they pose.

There is ongoing debate about whether UPFs should be considered addictive.9

Our analysis contributes to this debate by demonstrating how UPFs meet established
addiction-science benchmarks, particularly when viewed through parallels with to-
bacco. By situating UPFs within this framework, we provide clarity on how their
design features can drive compulsive use and inform both scientific and policy dis-
cussions. As with tobacco, recognizing addiction can shift the focus from individual
blame to corporate accountability, providing the basis for policies that constrain man-
ufacturers, restrict marketing, and prioritize structural interventions. We emphasize,
however, that the harms of UPFs are clear irrespective of their addictive nature.

Conceptual Analysis

This article is a conceptual analysis that integrates historical, epidemiologic, and
addiction science literature rather than a systematic review. The comparison is an-
chored in The Cigarette Century,12 which provides a detailed historical account of how
cigarettes were engineered for addictiveness. From this foundation, a framework of
industrial strategies—such as dose manipulation, delivery speed, use of additives, and
health washing—was developed as the basis for comparison with UPFs. To extend the
analysis, key literature from addiction science on mechanisms of dependence (e.g.,
reinforcement, tolerance, withdrawal, and cue reactivity) was reviewed alongside epi-
demiologic and public health research on UPFs. Relevant sources were identified
through targeted searches in PubMed and Google Scholar, using terms such as “food
addiction,” “ultra-processed foods,” and “tobacco industry practices.” Additional ref-
erences were drawn from foundational works and the bibliographies of key studies.
The analysis is organized thematically around mechanisms of addictive potential and
industry strategies to illuminate both parallels and distinctions between tobacco and
UPFs.
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Addiction science is particularly valuable for understanding UPFs because it goes
beyond identifying a single addictive agent (e.g., nicotine) to examine the entire engi-
neered delivery vehicle (e.g., cigarette). Addiction science emphasizes how reinforce-
ment, craving, and compulsive use are deliberately cultivated by product design.9

Food industry documents make this intent explicit. A recent trade advertisement
boasted about “turning consumer cravings into commercial wins,”14 while a lead-
ing food industry newsletter noted that “for decades, indulgence has been the profit
engine.”15 These statements highlight that the industry itself sees its profitability as
dependent on engineering reward dysfunction, which is a central focus of addiction
science. By making these mechanisms visible, addiction science provides critical in-
sights that can extend beyond nutrition science and have informed life-saving policies
in domains ranging from tobacco control to opioids.

From Plant to Product: The Power of Industrial
Processing

The human reward and motivation system has been shaped by evolutionary pres-
sures to identify and pursue substances and behaviors that promote survival.16 These
include essentials like water and nutrient-rich foods as well as socially and reproduc-
tively beneficial behaviors such as bonding and mating. At the center of this system
lies the mesolimbic dopamine pathway, which is a neural circuit that assigns value to
stimuli by releasing the neurotransmitter dopamine, enhancing the salience of cues
andmotivating organisms to repeat the behaviors that lead to a reward.17–19 This pro-
cess, known as reinforcement learning, has been critical in guiding adaptive behaviors
throughout our evolutionary history. This neurobiological architecture allowed early
humans to efficiently find resources and build social networks that supported survival.
However, the same system is also susceptible to being hijacked by modern, industri-
ally engineered products, like cigarettes and UPFs, that deliver intensely rewarding
effects with both speed and precision.16

In the case of cigarettes, the primary reinforcing agent is nicotine, a psychoactive
compound that binds to nicotinic acetylcholine receptors, preferentially activating
dopaminergic neurons in the posterior ventral tegmental area.20,21 This interaction
triggers a surge of dopamine in the nucleus accumbens and prefrontal cortex, brain
regions central to reward.22 This release has been shown to be between approxi-
mately 150% and 250% above baseline in basic science animal models,23–25 which
is sufficient to contribute to compulsive patterns of intake characteristic of nicotine
addiction.
Interestingly, nicotine’s ability to activate the dopamine system may be a mal-

adaptation of mechanisms that once helped early humans and other animals identify
nutrient-rich plant sources.26 Nicotine belongs to a class of compounds called al-

 14680009, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1468-0009.70066 by Schw

eizerische A
kadem

ie D
er, W

iley O
nline L

ibrary on [04/02/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



From Tobacco to Ultraprocessed Food 7

kaloids, which are bitter tasting chemicals produced by plants as a defense against
herbivores.27 Although toxic at high doses, many alkaloid-containing plants, such as
tomatoes, potatoes, eggplants, and peppers, are also rich in nutrients.28 These foods
contain only trace amounts of nicotine (up to-100 ng/g, compared with more than
7 mg/g in many varieties of tobacco),29,30 which are absorbed through the gut and
metabolized in the liver.28 The capacity to tolerate small doses of alkaloids may have
conferred a survival advantage in food scarce environments, enabling early humans to
access these valuable resources.26 Moreover, the mild dopaminergic response elicited
by such plants may have helped reinforce foraging behavior andmemory, encouraging
return to these food sources.26

Although nicotine’s effects on the dopamine system may be incidental from an
evolutionary standpoint, the system itself evolved to promote survival by reinforcing
behaviors that ensured caloric and nutrient sufficiency.31,32 Carbohydrates have long
been a primary energy source, in part because they deliver fuel more quickly than
fats or proteins and are also the preferred source of fuel for key tissues, such as the
brain.33,34 Simple carbohydrates, like sucrose, produce dopamine responses that are
comparable with those triggered by nicotine, typically increasing levels by about
150% above baseline (with some studies showing up to 300% increase, depending on
sugar concentration).35–37 This strong dopaminergic response reflects an evolutionary
adaptation: humans are born with a preference for sweet flavors, a trait believed to
encourage the intake of energy-dense breast milk in infancy and to support survival
in environments where calories were scarce.38

This quick energy return may contribute to the high level of carbohydrates con-
sumed in many primate and early human diets.34 Nonhuman primates, our clos-
est evolutionary relatives, primarily subsist on natural carbohydrate sources such as
grasses, tubers, and fruits.39 High carbohydrate foods like ripe fruit and honey are
especially prized but can be more difficult to obtain in the wild.40 Similarly, archae-
ological and historical data suggest that early human hunter-gatherers relied heavily
on wild plants rich in carbohydrates.41 The agricultural revolution marked a shift
toward cultivated staple crops like wheat, rice, and corn, further entrenching carbo-
hydrates as dietary mainstays.41

Fat, another vital calorie source, provides more than twice the energy per gram as
carbohydrates (9 kcal vs. 4 kcal), but it is digested and metabolized more slowly.33,42

Fat also releases dopamine (around 120%-140% of baseline when consumed orally or
200% of baseline upon gastric infusion) but possibly at a slower rate than sucrose.43,44

Although most nonhuman primates rely heavily on carbohydrates, many also con-
sume some fats through insects, seeds, or small animals.40 Early humans likely con-
sumed more fat than primates, especially from nuts, seeds, insects, fish, and game,
with the domestication of animals in the postagricultural era making fat more acces-
sible via meat and dairy.41
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8 A.N. Gearhardt, K.D. Brownell, and A.M. Brandt

Taken together, the ability to consume nicotine, carbohydrates, and fat appears to
have important evolutionary advantages when ingested in minimally processed, nat-
urally occurring forms. This highlights that it is not merely the presence of these re-
inforcing substances that leads to addiction. The form, dose, and delivery mechanism
matter tremendously. The trace nicotine in eggplants and tomatoes, for example, is
far too low to cause addiction. Similarly, the carbohydrates and fats in whole foods like
bananas, corn, or avocados do not typically lead to compulsive overconsumption.6,45,46

The problem arises when these substances are industrially processed and concentrated
into forms that deliver unnaturally high and rapid rewards. Ultraprocessing trans-
forms natural ingredients (e.g., tobacco leaves or corn) into products like cigarettes or
UPFs, optimized for maximum palatability, reinforcement, and profitability. These
products hijack ancient reward systems in ways that evolution could not have an-
ticipated. In the following section, we will explore how industrial processing has
created public-health crises around tobacco and UPFs and how understanding the
underlying link may help guide effective responses to minimize the impact of these
market-driven epidemics.

Reinforcing Ingredients and Dose Optimization

Tobacco and UPFs share a common origin story: both begin as natural, plant-based
substances that demonstrate little addictive potential in their unprocessed forms. For
centuries, tobacco leaves, corn, sugarcane, grains, and oil seeds played roles in human
life without causing public health crises. What transformed these materials into ma-
jor drivers of disease was not their inherent properties but the way they were industri-
ally reengineered to enhance reinforcement, maximize both want and need, increase
accessibility, and maximize profit.3,4,12

This transformation is characteristic of many addictive substances: the harm does
not stem from the plant itself but from the ways humans alter it. In the case of tobacco,
the raw leaf of theNicotiana genus contains much higher levels of nicotine than related
plants like tomatoes or eggplants.47 Yet in its unprocessed form, tobacco is too potent
for safe consumption with direct exposure causing nausea, poisoning, or even death.
To make it consumable and pleasurable, the leaf must undergo extensive processing
that carefully modulates dose and delivery.12

Humans have cultivated tobacco for over 2,500 years, initially for use in chewing
or pipe smoking.12,47,48 Traditional methods included drying the leaves through air,
sun, or fire curing, aging them to reduce harshness, removing the central veins, and
cutting the leaves into strips.12,48 Varieties were often blended to optimize flavor and
burn characteristics.12,48 Over time, additional substances such as sugar, licorice, and
cocoa were introduced to mask bitterness and enhance palatability, setting the stage
for even more sophisticated forms of product engineering in the modern era.12
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From Tobacco to Ultraprocessed Food 9

In the 17th century, the development of rolling papers allowed for hand-rolled
cigarettes, which offered a more rapid and intense nicotine delivery than chewing
or pipe smoking.12,49 Relative to pipes, cigarettes provided a consistent burn, were
easier to inhale, and allowed nicotine to reach the brain faster.49 The invention of
flue curing in the 1800s (i.e., applying controlled heat to dry tobacco leaves) made
the resulting processed tobacco leaves more combustible, ideal for cigarette use.12,48

However, production remained slow until the 1881 patent of a mechanized cigarette
rolling machine, capable of producing thousands of cigarettes per day.12,49 This tech-
nological leap set the stage for mass-produced, ultraprocessed cigarettes that could
be produced cheaply, sold widely, and consumed easily.12 However, modern cigarettes
are not simply dried tobacco rolled into paper. Rather, they are chemically engineered
products, optimized for appeal, convenience, and profitability.

As with tobacco, the foods driving modern epidemics of obesity, diabetes, and
metabolic disease are not inherently harmful in their natural form. Humans have
refined and processed plant and animal foods for millennia.50 Traditional methods
such as stone grinding grains, fermenting milk, cold pressing oil, or boiling sugar-
cane juice to make crystals produced more usable and palatable forms of food.51,52

However, these processes were labor intensive, time consuming, and retained much
of the food’s original structure and nutrient complexity.51,52 For example, flour was
once coarse and perishable, sugar was expensive to extract, and butter took significant
effort to churn from cream.51,52

The Industrial Revolution fundamentally reshaped the food landscape. By the late
19th century, new machinery, chemical processes, government subsidies, and trade
liberalization enabled the mass production and sale of refined carbohydrates and
fats, including roller-milled white flour from whole wheat, crystalline sugar from
sugar beets and sugarcane, and hydrogenated or solvent-extracted oils from nuts and
seeds.52 These ingredients were stripped of fiber and micronutrients, rendered shelf-
stable, and made available at a scale and price point never before seen.52 As a result,
the sources of carbohydrates and fats used in UPFs became markedly more potent, in-
expensive, and easily manipulated compared with their minimally processed counter-
parts. For example, high-fructose corn syrup is produced by enzymatically converting
glucose into fructose, yielding a sweeter and more stable compound ideal for sodas
and snack foods.53,54 Refined oils such as soybean or palm oil offer greater shelf stabil-
ity and a more neutral flavor than less-processed fats like butter or olive oil, making
them ideal delivery devices for engineered flavors.55 These industrial ingredients are
then combined with extreme precision to achieve optimized taste, mouthfeel, and
longevity.56,57 Much like the cigarette, these innovations did not merely accelerate
production—they enabled the creation of an entirely new class of ultraprocessed sub-
stances, carefully designed for maximal hedonic impact.4
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10 A.N. Gearhardt, K.D. Brownell, and A.M. Brandt

Dose: Hitting the Sweet Spot

Both cigarettes and UPFs are engineered with remarkable precision to deliver a “just
right” dose of reinforcing substances: nicotine in the case of cigarettes, and refined
carbohydrates and fats in the case of UPFs.9,12 The goal in each case is to optimize
reward that is potent enough to produce highly pleasurable and reinforcing effects
but not so strong as to provoke aversion or overwhelm the user.
In cigarette design, this pharmacological balance is central to sustaining regular

use. If there is too little nicotine, the smoker may not experience the stimulation, re-
laxation, or cognitive enhancement that reinforces smoking behavior.58 If there is too
much nicotine, the effects can quickly become unpleasant, causing nausea, dizziness,
or a sense of being overwhelmed.58,59 To avoid this, modern cigarettes are engineered
precisely, with most containing between 1.0% and 2.0% nicotine by weight.60 This
tightly controlled range is made possible through aggressive selective breeding of
high-nicotine strains like Nicotiana tabacum, combined with industrial blending and
processing techniques.47,48

UPFs are similarly optimized, but their reinforcing ingredients—refined carbohy-
drates and fats—allow for greater variation. If there are too little of these ingredients,
the product may fail to satisfy. If there are too much, the product can become greasy,
cloying, or physically unpleasant.56 The objective is to strike a sensory “sweet spot”
that maximizes pleasure and craving while minimizing aversive responses. Unlike
cigarettes, which must maintain a narrow nicotine concentration to balance reward
and tolerance, UPFs operate across a much broader hedonic range. For example, sugar
can be appealing at a wide range of concentrations, with some commercially avail-
able preparations as low as 10% (as in soda) or as high as 99% (as in hard candy).61–63

This flexibility allows for endless product variation, enabling companies to fine tune
combinations for every age group, context, and craving.
These products do not merely mimic the taste of whole foods, they surpass them.

Basic science models show that liquid sugar concentrations around 10% by weight—
comparable with Coca-Cola, Pepsi, and Mountain Dew—can reliably trigger ad-
dictive behaviors in animals, including bingelike consumption, withdrawal, and
dopamine system alterations.37 In contrast, naturally sweet liquids like cow’s milk
(∼4.8% lactose)64 and breast milk (∼7% lactose)65,66 are both typically less sweet
and less rapidly absorbed than sodas, which deliver about 10% to 12% sugar, pri-
marily in the form of high-fructose corn syrup.67

The disparity is even greater in solid foods. Candies like plainM&M’s and Starburst
fruit chews are approximately 55% sugar by weight, whereas marshmallow Peeps and
candy corn can reach as high as 81%.68 Even savory snacks like saltines and pretzels
deliver roughly 70% carbohydrates (although their sugar concentrations are low).66

By contrast, carbohydrate-rich whole foods, bananas (∼22%-23%), mangoes (∼15%-
20%), potatoes (∼17%-20%), and corn (∼19%-25%), contain far lower levels.68 In
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From Tobacco to Ultraprocessed Food 11

effect, UPFs can deliver more than three times the carbohydrate content of naturally
occurring foods.

Interestingly, UPFs that deliver primarily fat with little carbohydrate are rela-
tively rare and typically less popular. Fat-only beverages have little consumer ap-
peal, and even high-fat solids like ultraprocessed cheddar cheese (∼32% fat; ∼3%
carbohydrates)68 or bacon (∼34% fat; ∼1% carbohydrates)68 are usually consumed
alongside refined carbohydrate-containing foods like crackers or bread. It is in
combination with refined carbohydrates that fat becomes especially reinforcing: fat is
a potent vehicle for delivering flavor.43,69,70 Industry scientists precisely blend refined
carbohydrates and fats to elicit the maximally pleasurable response without sensory
overload.56,71,72 This combination can result in UPFs with carbohydrate levels rang-
ing from 25% to 50% carbohydrates and from 10% to 35% fats by weight, which
is represented in the foods most commonly reported as addictive (i.e., chocolate, ice
cream, potato chips, pizza).6,45

On a biological level, carbohydrates and fats activate separate gut–brain reward
pathways. Refined carbohydrates stimulate dopamine release via the vagus nerve,
whereas fats do so through intestinal lipid sensing and cholecystokinin signaling.43,73

When consumed together, their effects are supra-additive: the mesolimbic dopamine
response can rise to 300% above baseline, compared with 120% to 150% for fat
alone.43 This makes UPFs with high levels of refined carbohydrates and added fats
some of the most potently rewarding substances in the modern diet. Notably, this
refined carbohydrate-fat combination is almost nonexistent in nature. Whole foods
typically contain one macronutrient in high concentration, not both.9,74

Speed of Delivery: Engineering for Rapid Reward

An underappreciated aspect of addictiveness is the speed at which a product delivers
its rewarding ingredients. The faster a reinforcing substance reaches the brain, the
steeper the rise is in dopamine and the more addictive the product becomes.75 Both
cigarettes andUPFs are engineered for delivery speed, employing sophisticated indus-
trial innovations to accelerate the delivery of their active compounds and maximize
reinforcement.

Cigarettes are designed to deliver nicotine to the brain within seconds. Inhaled
smoke produces an immediate psychoactive effect, rapidly stimulating dopamine re-
lease and reinforcing use almost instantaneously.58,76 To intensify this effect, the to-
bacco industry developed methods to strip tobacco from its natural plant matrix and
reconstitute it into chemically uniform sheets.77 These reconstituted tobacco sheets,
known as “recon,” are created by grinding tobacco leaf scraps into a pulp, combining
them with additives and binders, and forming them into sheets that are rolled and
cut like paper.77,78 Recon enables precise control over nicotine levels, burn charac-
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12 A.N. Gearhardt, K.D. Brownell, and A.M. Brandt

teristics, and additive content, and it provides a consistent base for further chemical
modification.77

One of the most significant of these modifications is the use of ammonia to “free-
base” nicotine, increasing its bioavailability.79 Freebased nicotine is thought to be
absorbed more efficiently through the lungs, crosses the blood–brain barrier more
readily, and is significantly more potent in triggering dopamine release than the nico-
tine naturally occurring in tobacco.79 Manufacturers also manipulate the particle size
of both tobacco and its additives. Smaller smoke particles have a relatively high sur-
face area to mass ratio, facilitating absorption and delivery of gases in the lungs.80

Additionally, these smaller particles penetrate deeper into the lungs where efficient
clearancemechanisms are lacking.81 Although this can intensify the pleasure of smok-
ing, it can also increase health risks, delivering more toxins to sensitive lung tissue.81

Taken together, these innovations reflect a deliberate engineering of cigarettes tomax-
imize the speed, efficiency, and reinforcing effects of nicotine delivery.12,79,82

A parallel strategy is evident in the design of UPFs, which are engineered to ac-
celerate the digestion, absorption, and metabolism of refined carbohydrates and fats.
Just as tobacco’s natural structure is dismantled to enhance delivery, UPFs undergo
extensive processing that strips away fiber, protein, and water—elements that nor-
mally slow digestion.3,9,74 By breaking down the food matrix, UPFs become softer,
more easily consumed, and rapidly digested, which speeds the delivery of reinforc-
ing ingredients like sugar and fat.83,84 In addition, manufacturers can include en-
zymatic additives, such as amylases and proteases, that mimic the effects of saliva
and digestive enzymes by breaking complex molecules into simpler, more rapidly
absorbable forms.85 For example, products like ready-to-eat cereals and puffed savory
snacks use enzymatic processing to break down starches (much like saliva does) to
produce smaller molecules that yield a crispy, melt-in-the-mouth texture. By break-
ing down the food matrix and enhancing bioavailability, UPFs could be considered
“prechewed,” “presalivated,” and “predigested” to enable the delivery of refined car-
bohydrates and fats with enhanced speed and potency.
In stark contrast, minimally processed foods retain their natural structure, which

includes intact fibers, proteins, and water content that slow the process of digestion
and absorption.4,83 These foods typically require more oral and gastrointestinal pro-
cessing, leading to a more gradual rise in blood glucose and potentially a slower,
more sustained dopamine response.84,86,87 This moderated pace of digestion and ab-
sorption supports satiety, reduces reward-driven overconsumption, and aligns more
closely with the body’s evolved regulatory mechanisms.82,88 In comparison, the rapid
nutrient delivery of UPFs overwhelms these mechanisms, likely contributing to their
high addictive potential and widespread overuse.3,88
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From Tobacco to Ultraprocessed Food 13

Short Hang Time: Engineering “Moreish-ness”

One of the defining features of both cigarettes and UPFs is the fleeting nature of
the pleasure they provide.12,56 This brief hang time plays a critical role in sustaining
compulsive use by delivering a rapid sensory peak followed by a swift decline, which,
in turn, triggers renewed craving.58,89

The pleasurable effects of smoking can be intense but are notably short lived.
Subjective sensations such as relief, enhanced focus, or mild euphoria begin within
seconds and typically peak within minutes.20 However, these effects fade quickly,
reinforcing the urge to smoke again soon after.58,90 Biologically, nicotine inhaled
through cigarette smoke reaches the brain within seconds, rapidly stimulating
dopamine release within the mesolimbic pathway.59 This near-instantaneous neu-
rochemical response strengthens the association between the act of smoking and its
perceived reward.20 As nicotine is cleared from the body, withdrawal symptoms such
as irritability, fatigue, and mood dysregulation may emerge, prompting the individ-
ual to seek another cigarette.58 This cycle of craving, brief stimulation, subsequent
crash, and repeated use is a hallmark of addictive intake patterns.16,91

Likewise, UPFs are designed to deliver a similarly transient pattern of sensory
stimulation. A frequently overlooked feature of these products is the deliberate en-
gineering of flavor bursts that fade rapidly through flavor engineering.92 Industry
professionals have openly acknowledged the intentional engineering of flavors to
fade rapidly to encourage continued consumption. In a 60 Minutes segment titled
“The Flavorists,”93 flavorists Dawn Streich and Jim Hassel from Givaudan (one of
the world’s largest flavor companies) discussed with correspondent Morley Safer how
flavor design is optimized for short sensory duration to encourage compulsive intake:

Streich: We want a burst in the beginning. And maybe a finish that doesn’t linger
too much so that you want more of it.

Hassel: You don’t want a long linger, because you’re not going to eat more of it if it
lingers.

Safer: Aha. So I see, it’s going to be a quick fix. And then—
Hassel: Have more.
Safer: And then have more. But that suggests something else?
Hassel: Exactly.
Safer: Which is called addiction?
Hassel: Exactly.
Safer: You’re tryin’ to create an addictive taste?
Hassel: That’s a good word.93

The initial sensory burst can be achieved by concentrating refined carbohydrates
and fats in combination with synthetic or enhanced flavor compounds that amplify
taste intensity.94–101 These compounds, particularly volatile aroma compounds, are
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14 A.N. Gearhardt, K.D. Brownell, and A.M. Brandt

rapidly detected by the olfactory system but dissipate quickly,101 especially when not
embedded in the fibrous matrixes typical of minimally processed foods.102 Texture
also plays a critical role. Many UPFs are designed to break down easily or melt rapidly,
producing dynamic contrast (i.e., combinations of sensory opposites like crunchy and
creamy) and delivering flavor-laden particles quickly.103,104 Emulsifiers and stabiliz-
ers facilitate these rapid transitions in mouthfeel, enabling smooth, palatable tex-
tures that fade shortly after swallowing.68,99,103–105 Plain M&M’s illustrate this pro-
cess well: high levels of sugar and fat are amplified by flavor enhancers, while the hard
shell is engineered to shatter quickly and release a creamy chocolate center stabilized
with emulsifiers that promote a melt-in-the-mouth experience. In contrast, mini-
mally processed foods tend to require more chewing and release flavor compounds
more gradually, promoting a prolonged sensory experience.102 This more sustained
sensory experience may diminish the drive for more, thus reducing the likelihood of
impulsive, repetitive intake.
Physiological mechanisms further reinforce the sensory crash associated withUPFs.

These products often lead to rapid spikes in blood glucose because of their high con-
tent of quickly absorbed carbohydrates.84 Within one to two hours, this spike may
give way to a compensatory drop—mild hypoglycemia—resulting in fatigue, irri-
tability, and renewed cravings.86 This physiological crash mirrors the nicotine with-
drawal response, which similarly follows a sharp rise in dopamine and subsequent
decline in mood.58 Notably, even mild hypoglycemia has been shown to enhance
reward-related brain responses to high-calorie food cues, further perpetuating the cy-
cle of consumption.86

By contrast, minimally processed foods tend to release nutrients more gradually.4

The carbohydrates found in fruits, vegetables, and whole grains digest at a slower
pace, thereby stabilizing blood sugar and promoting satiety.84 In contrast, both
cigarettes and UPFs are intentionally engineered to do the opposite: they deliver in-
tense, immediate gratification that fades rapidly. This contributes to a feedback loop
of craving and consumption. Crucially, this short hang time is not a design flaw but
rather a feature, strategically implemented to encourage repeated use.56,57,93,106

Additives and Hedonic Engineering: Optimizing
Sensory Cues for Craving

Both cigarettes and UPFs exploit the human brain’s sensitivity to sensory cues (e.g.,
taste, smell, mouthfeel, visual presentation) to create products that are not only plea-
surable but also deeply reinforcing.20,56,57,77,107–111 These sensory cues evolved to help
early humans identify nutrient-rich, energy-dense, and nontoxic foods.112 For exam-
ple, sweetness and signaled ripeness, umami suggested easily digestible protein, and
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From Tobacco to Ultraprocessed Food 15

vibrant colors indicated essential micronutrients.112,113 In environments of scarcity
and risk, these cues guided adaptive foraging behaviors.112

In contemporary food and tobacco products, however, these same perceptual path-
ways are strategically manipulated. Additives such as flavor enhancers, preservatives,
emulsifiers, stabilizers, humectants, and colorants are used not only to improve nutri-
tional value or safety but to intensify sensory appeal, override satiety cues, and extend
shelf life.4,12,108

In cigarette manufacturing, sensory additives are central to product appeal. Tra-
ditional ingredients like sugar, cocoa, and licorice have been supplemented with
complex proprietary flavor blends developed by industrial flavor houses.12,114,115

These formulations serve not only to enhance palatability but also to differentiate
brands in a market where nicotine content is largely uniform. Because most cigarettes
contain approximately 1% to 2% nicotine by weight, brand identity and consumer
preference are shaped primarily through sensory design: carefully controlled combi-
nations of flavor, texture, and aroma.12,107,116

Manufacturers use reconstituted tobacco (recon) as a flexible base for embedding
a wide array of additives, allowing for precise control over a cigarette’s taste, mouth-
feel, aroma, and burn characteristics.108 This process enables consistent sensory ef-
fects across products and supports extensive customization without altering nicotine
dose.108 Innovations such as flavor capsules—crushable beads embedded in cigarette
filters—further allow users to release menthol or fruit flavors on demand, enhanc-
ing novelty and control.114,115 Menthol, in particular, reduces throat irritation and
facilitates deeper inhalation, increasing nicotine delivery and reinforcing use.114 Im-
portantly, menthol use has also been associated with greater difficulty quitting, high-
lighting the potent behavioral impact of sensory cues.114,117

Modern UPFs follow a similar trajectory. Just as recon enables customization
in cigarettes, food additives allow precise manipulation of flavor, texture, and
aroma in UPFs.4,83,101 Compounds developed for tobacco are now deployed in food
manufacturing.11 The use of sensory additives can lead to the creation of products that
are portrayed as naturally occurring foods but are predominantly delivery vehicles for
reinforcing ingredients like sugar.3,118 For instance, strawberry-flavored foods often
contain no real fruit but simulate a strawberry’s sensory profile using synthetic flavors,
emulsifiers that produce a creamymouthfeel, and vibrant red dyes.110,111,119,120 These
components can decouple taste from nutrition, overriding natural feedback systems
and promoting continued intake.106

UPFs also mirror tobacco in manipulating physical and chemical sensations. For
example, additives such as organic acids and sugars lower the pH of aerosols and
convert nicotine to its salt form, reducing harshness while increasing blood nicotine
yield.121 In parallel, UPFs use emulsifiers, stabilizers, and thickeners to produce tex-
tures that mimic richness, such as creaminess or smoothness, while dissolving quickly
and leaving little aftertaste.48,105,111,122 This engineered ease of consumption reduces
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16 A.N. Gearhardt, K.D. Brownell, and A.M. Brandt

oral and digestive effort and diminishes natural signals of fullness (i.e., vanishing
caloric density), signaling to the brain that fewer calories are being consumed and
encouraging greater intake.56,123–125

Both industries also exploit the brain’s dual evolutionary drives for familiarity and
novelty. Familiarity promotes safety and comfort, and novelty fosters exploration
and dietary diversity.26,112,126,127 UPF manufacturers capitalize on this tension by
producing endless variations on the same base product. Minor tweaks to flavoring
agents, aroma compounds, or texture modifiers yield a wide range of seemingly
new products—such as sour cream and onion chips, barbecue chips, or hot honey
chips—that share nearly identical macronutrient profiles.106 Brand mash-ups like
Coca-Cola-flavored Oreos or Oreo-flavored Coca-Cola stimulate human curiosity for
new products all while leveraging the familiarity of popular brands. Thus, modern
UPFs hijack evolutionary drives for novelty and familiarity to encourage further
intake of their products.
Brand loyalty is deeply anchored in sensory experiences. Many smokers develop

lasting preferences for the sensory cues of their brand of cigarettes, which is often ini-
tiated in adolescence.12,107,116 The flavor and mouthfeel cues associated with specific
cigarette brands become embedded in memory and reward systems, sometimes prov-
ing more reinforcing than nicotine itself.114,116,128 Similarly, UPF consumers form
strong attachments to specific combinations of flavor, texture, and aroma, even when
the core ingredients (e.g., sugar, fat) are chemically similar across brands.106 For exam-
ple, although most sodas contain around 10% sugar, brand preferences are driven by
proprietary variations in acidity, carbonation, and flavoring.129,130 However, people
develop strong brand loyalty to specific types of even very similar sodas (e.g., Coca-
Cola vs. Pepsi loyalists), which can be established in childhood and persist through
adulthood.129,131,132

Visual cues further enhance these engineered experiences. As a recent article for
an industry-focused newsletter stated, “Before we even take a bite, colour tells our
brain what to crave.”113 Evolutionarily, humans have learned to equate colors with
beneficial properties like flavor or nutrient profile. In whole foods, bright colors
signal the presence of beneficial nutrients: orange for carotenoids, red and purple
for polyphenols, green for chlorophyll.133,134 Modern products exploit this learned
behavior, using bright artificial colorants to signal flavor and intensity.135 Bright
reds, yellows, and greens now appear in everything from cereals and fruit snacks to
cigarette packaging, and these colors are particularly prevalent in foods targeted at
youth.120,136 These visual signals are not merely decorative; they shape perception,
expectations, and behavior.113,135 Research has shown that increased visual variety
heightens food appeal and increases consumption.135 The use of vibrant coloring in
UPFs can also become a key component of brand identity (e.g., the specific green
of Mountain Dew, the colorful array of Froot Loops),113,135 which may contribute to
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From Tobacco to Ultraprocessed Food 17

the industry’s resistance to attempts by the government to ban certain artificial color
additives from food.113,137

Critically, information on the extent of this sensory manipulation is not disclosed
to consumers. Additive formulations are frequently protected as proprietary trade se-
crets, and product labels typically use vague descriptors such as “natural flavors,” “ar-
tificial flavors,” or “color added” without disclosing specific chemical names.138,139

Federal regulations in the United States permit these generalized terms to protect
industry formulas, limiting consumer transparency.138–140 Many of these additives
are designated as “generally recognized as safe” (GRAS), a classification that allows
companies to bypass the formal food additive petition process of the US Food and
Drug Administration (FDA).138–140 Manufacturers often conduct their own safety
assessments or outsource them to consultants with potential conflicts of interest,
and notification to the FDA remains voluntary rather than required.138–140 These
GRAS determinations usually focus on short-term toxicity and rarely consider long-
term, cumulative, or behavioral impacts, especially for vulnerable populations such
as children.138–140

In both cigarettes and UPFs, these additives simulate rather than satisfy. They
hijack evolved reward systems, generating sensations of pleasure that are immediate,
intense, and short lived.12,45,106 The outcome is a carefully engineered sensory
experience that compels use not because of physiological necessity but because of
desire.9,56,57,74 By contrast, in whole foods, flavors and textures are tightly coupled
with their nutritional value. These foods typically take longer to eat and digest,
promoting satiety through intact feedback loops.83,84,141 Their appeal lies in their
alignment with evolved regulatory systems rather than their ability to hedonically
override them.

Delivery Mechanics: Consistency and Density

A defining feature of both cigarettes and UPFs is the precision with which they are
engineered to deliver a predictable experience.12,56,129 This reliability is not inciden-
tal. It is a core mechanism by which both industries cultivate consumer loyalty and
sustain habitual use. Through industrial processing and design, these products are
optimized not only for sensory appeal but also for uniformity in delivery, ensuring
that each use feels familiar, satisfying, and reinforcing.

Cigarettes, for example, are calibrated with extraordinary care to maintain a steady
burn and tightly regulated nicotine delivery.12,77,142 Burn enhancers, such as nitrates,
and additives in cigarette papers, such as alkali citrates, help cigarettes stay lit and
influence burn rate.77 Cigarette circumference and tobacco density (i.e., how tightly
the cigarette is packed) influence burn rate, draw resistance, and the number of puffs
per cigarette.143–145 More tightly packed cigarettes burn more slowly and yield more
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18 A.N. Gearhardt, K.D. Brownell, and A.M. Brandt

puffs, whereas longer cigarettes act as larger “portion sizes,” increasing nicotine ex-
posure and reinforcement per unit.145

These physical characteristics are refined through mechanized mass production,
allowing manufacturers to deliver a highly standardized product.12 Each cigarette
in a pack is designed to burn the same way, taste the same, and offer the same
throat sensation and mouthfeel.12 This sensory consistency becomes integral to brand
identity, as smokers come to rely on their preferred brand for a specific combina-
tion of burn rate, flavor, draw resistance, and tactile effects.107,116,142,146 Over time,
this predictability transforms the cigarette from a simple habit into a precision drug
delivery device.147

Similarly, UPFs mirror these strategies in how they deliver reinforcing ingredients.
These products often have higher energy density than naturally occurring foods, pack-
ing more “reward” into every bite,148 which parallels how densely packed cigarettes
deliver more puffs. Over time, portion sizes of UPFs have increased substantially,149

paralleling the evolution of cigarettes from shorter sticks to longer, more potent
units. By contrast, minimally processed foods such as fruits, vegetables, and legumes
have not increased in size to the same extent. Natural foods typically induce sati-
ety over time, limiting intake.83,141 By contrast, UPFs are formulated to over-
ride satiety signals, making it easy to consume large quantities without feeling
fullness.56,57,150

The sensory engineering of UPFs also extends into the auditory domain.151 In-
creasingly, sound is used as part of the consumption experience and brand identity,
which is a strategy known as sonic branding.152 The crisp crunch of a potato chip,
the fizz of a freshly opened soda, or the snap of a chocolate bar are not incidental.
These acoustic cues can be deliberately engineered to signal freshness, texture, and
indulgence.152,153 For example, snack food manufacturers can optimize the fracture
structure of chips to produce a high-frequency crunch associated with satisfaction
and freshness.154,155 Carbonated beverages are designed to deliver not just mouthfeel
but also an auditory pop and hiss that evoke intensity and refreshment.156 Even the
sound of packaging (e.g., crinkling of wrapper, pop of a potato chip canister) can be
selected or engineered to make distinct sounds that build anticipation and strengthen
brand associations.152,156,157 These sounds are amplified in advertisements and stan-
dardized in production to become part of the product’s sensory signature, reinforcing
both emotional connection and brand recognition.158

Although cigarettes do not offer the same range of audible consumption cues, au-
ditory elements still play a subtle but meaningful role. The flick of a lighter, the snap
of a flip-top box, the crinkle of cellophane, and the sound of a deep inhale all con-
tribute to a smoker’s ritualized sensory experience.82 These cues become conditioned
signals that enhance anticipation and reinforce the behavior.159 However, it is within
the UPF domain that sonic branding has become more deliberate, flexible, and com-
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From Tobacco to Ultraprocessed Food 19

mercially potent, which is an additional sensory lever used to shape perception, signal
pleasure, and drive habitual intake.152

Like cigarettes, UPFs are optimized delivery packages that are precisely engineered
to activate reward pathways, strengthen learned associations, and increase the likeli-
hood of repeated use. Both cigarettes and UPFs are mass-produced products that con-
sistently deliver optimized density, portion size, and sensory characteristics intended
to drive consumer appeal and company profit. In contrast, minimally processed foods
offer little in the way of engineered sensory amplification. Their density, size, sounds,
textures, and flavors emerge naturally from their biological composition, which sup-
ports more gradual, regulated intake rather than compulsive overconsumption.

Engineering Convenience: Frictionless Access
and Embedded Use

The widespread and habitual use of cigarettes and UPFs has been shaped not only
by their chemical and sensory properties but also by the infrastructure built around
them. Both products have been transformed from relatively perishable, occasionally
consumed goods into durable, ultraconvenient staples embedded in daily routines.
This shift was enabled by a combination of chemical additives, packaging innova-
tions, and technological advancements that collectively removed barriers to access
and facilitated seamless, habitual consumption.12,56,57 Convenience, in this context,
is not incidental but engineered to minimize friction at every point from product
formulation to environmental availability.12,160

In tobacco, the use of preservatives and humectants marked a significant turning
point in product design.145,161 Compounds such as glycerol and propylene glycol re-
tained moisture in the tobacco, preventing it from drying out and making for a more
pleasurable smoking experience.162,163 These additives also maintained humidity of
tobacco during transportation and storage,108 thus allowing these products to remain
on the shelf for months across variable storage conditions (e.g., vending machines, gas
station checkout counters, grocery store shelves). The result is a cigarette engineered
to be highly accessible and convenient across a wide variety of contexts while increas-
ing industry profitability.

Of note, many of these additives are also employed in UPFs to achieve similar
effects. For example, propylene glycol is used to thicken, emulsify, and maintain
moisture in a wide range of food products including ice cream, salad dressings, and
processed snacks.164 Similarly, sorbitol and guar gum can be used to extend shelf life
and prevent spoilage of certain foods, such as baked goods.105,165 These additives are
often used with the same functional intent as cigarettes—to extend product shelf life
and durability—making UPFs widely accessible and convenient across many of the
same contexts where cigarettes are sold (e.g., vending machines, gas stations, grocery
stores).
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20 A.N. Gearhardt, K.D. Brownell, and A.M. Brandt

Packaging innovations have further reinforced stability, portability, and brand
visibility in both industries. Cigarettes are enclosed in foil-lined packs, vacuum-
sealed cartons, and crush-proof boxes that maintain product integrity while project-
ing brand identity.12 Likewise, UPFs are stored in vacuum-sealed bags, plastic wrap-
pers, and multilayered packaging designed to protect flavor, mouthfeel, and visual
appeal.166,167 In the context of UPFs, packaging is designed to embed artificial smells
that will release at the moment of opening to deliver a pleasant, brand-associated ol-
factory cue with the product.168 For both cigarettes and UPFs, packaging serves a
dual role: preserving sensory quality and serving as a highly visible platform for mar-
keting and brand recognition, which further reinforces consumer loyalty and impulse
purchasing.169–171

Collectively, innovations in product formulation, production, and packaging have
removed the practical barriers that once limited use of both cigarettes and UPFs.
Smokers no longer must roll their own cigarettes or consume them before they go
stale. They can carry packs in their pockets, keep them in desk drawers, and light up
almost anywhere with minimal effort. Similarly, UPFs are easy to store, portion, and
consume on demand, transforming them from occasional treats to daily fixtures in
car consoles, office drawers, and kitchen cabinets. This seamless access has helped to
normalize both products as routine rather than exceptional, embedding them within
the rhythms of modern life.
Technological advances have also played a central role in promoting frictionless

use. In tobacco, innovations in ignition devices (e.g., matchbooks, disposable butane
lighters) transformed the act of smoking into portable, effortless behavior. Lighting
a cigarette became a ritual, tightly coupled with daily activities such as meals, work
breaks, or commutes.172–175 Over time, smoking was no longer confined to specific
settings: it became ubiquitous.12

A parallel infrastructure has been developed for UPFs. The microwave oven rev-
olutionized food preparation, enabling frozen and packaged meals to be ready in
minutes.176 Drive-thru windows, vending machines, and delivery apps further re-
duced time and energy costs, allowing consumers to obtain UPFs without leaving
their homes or vehicles.177,178 These tools functioned much like the lighter in to-
bacco use, by removing the steps between desire and consumption, and removing
barriers that could reduce intake.
Packaging design in UPFs also mimicked the portability and convenience of

cigarette packs. For example, patented one-hand food packaging technology is de-
signed to be easy to tear open, eat with one hand, and store in a cup holder for snack-
ing on the go.179 Automated snack dispensers in schools, offices, and gyms paralleled
cigarette vending machines of earlier decades,180 providing unexamined access that
normalized consumption and bypassed social scrutiny.
Perhaps most consequentially, the ubiquity of cigarettes and UPFs has reshaped

the contextual landscape of consumption. Neuroscience research demonstrates that
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From Tobacco to Ultraprocessed Food 21

cue-induced dopamine signaling can be highly context dependent. The presence of a
cue is less likely to elicit craving unless the environment also signals that consump-
tion is possible and appropriate.181–183 For example, being in a no-smoking zone (e.g.,
flying on a plane) may suppress cravings associated with common triggers, whereas
the same cue in a permissive context can lead to intense desire for the substance.184

However, at its peak, the saturation of cigarettes across settings (e.g., offices, restau-
rants, even hospitals) transformed nearly every environment into a smoking-related
context. Rather than tobacco use being restricted to certain contexts, most settings
would facilitate cigarette cravings and make it harder to resist their use.12 There-
fore quitting smoking required extreme individual effort in the face of everpresent
triggers and permissive contexts.181,185

A similar process has occurred with UPFs. Historically, eating was bounded by
time, location, and social norms. Meals were prepared and consumed at home, often
in a shared context, and snacking was discouraged.186 Today, UPFs can be purchased
from mobile apps, vending machines, and gas stations and consumed alone in bed-
rooms, cars, or workplaces. Foods that were once associated with celebration or rarity
(such as cake) are now available anywhere at any time. This erosion of contextual
boundaries eliminates natural points of inhibition, leaving individuals continuously
exposed to cues and opportunities to consume.187 This has reduced the ability of en-
vironmental context to assist individuals in resisting UPFs and instead placed the
entire onus on the individual to resist constant bombardment by appealing cues.

Taken together, the chemical, mechanical, and environmental strategies employed
by both the tobacco and UPF industries created a culture of frictionless use. Through
innovations in shelf stability, packaging, and access infrastructure, both products be-
came routine, impulse-driven, and omnipresent. The goal was not merely to extend
shelf life but to engineer enduring habits by maximizing convenience. As a Coca-
Cola executive famously put it, “The goal was to keep Coke within arm’s reach of
desire—to make sure it was always available, always present, always tempting.”129

Technological advances of the modern era have brought that vision to life with un-
precedented success. In stark contrast, minimally processed foods perishmore quickly,
require active preparation, and are typically consumed in defined contexts.88 They
lack the infrastructure of instant access and engineered cues that promote compulsive
engagement, and as a result, their use remains more naturally bounded—reinforcing
satiety and intentionality rather than overconsumption.

Health Washing: Reformulation to Reduce the
Appearance of Harm

Both the tobacco and food industries have long employed a strategy known as “health
washing,” in which products are reformulated and marketed in ways that create the
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22 A.N. Gearhardt, K.D. Brownell, and A.M. Brandt

illusion of reduced harm while preserving their core addictive properties.188,189 These
tactics are designed to manipulate public perception, reassure health-conscious con-
sumers, and delay regulatory and legal action all while sustaining profit margins and
levels of consumption.13

For tobacco, health washing gained traction in the 1950s with the introduction of
cigarette filters, which were advertised as protective innovations that could trap tar
and particulates before reaching the lungs.12 In practice, filters offered little mean-
ingful benefit. Many smokers adapted by inhaling more deeply or smoking more
frequently, effectively offsetting any reductions in toxin exposure.60,190,191 The sub-
sequent emergence of “light” and “low-tar” cigarettes followed the same logic. Al-
though marketed as safer options, these products prompted compensatory behaviors,
such as more frequent or deeper puffs, without reducing actual harm.189

These changes created confusion among consumers and successfully stalled regula-
tion, allowing the tobacco industry to retain consumers for decades.190 More recently,
this strategy has reemerged in the form of alternative nicotine-delivery systems, in-
cluding e-cigarettes, synthetic nicotine products, and oral nicotine pouches.192–194

Marketed as “smoke-free” or “tobacco-free,” these products are frequently framed
as cleaner or safer alternatives, despite limited evidence regarding their long-term
health effects.192–194 Synthetic nicotine, often labeled as “lab-created” or “pharma-
ceutical grade,” is increasingly used to evade tobacco-specific regulations while still
delivering potent, addictive effects.194,195

Some e-cigarette and vape manufacturers have taken these tactics further by incor-
porating additives like vitamins, essential oils, B12, or melatonin.196 These so-called
“functional” ingredients borrow the language of supplements to suggest therapeutic
or health-promoting properties despite a lack of evidence.197 This mirrors earlier in-
dustry efforts to rebrand cigarettes as “mild” or “clean”—framing changes that failed
to reduce harm but effectively preserved market share, especially among young and
health-conscious consumers.48,198

The food industry has adopted nearly identical strategies. Labels such as “low fat”
and “sugar free” are widely used to market UPFs that still contain highly reinforcing
combinations of ingredients.199 These reformulations are often superficial, offering
a cosmetic appearance of health while leaving the product’s addictive structure and
metabolic harms intact. Food products are also increasingly fortified with trending
nutrients, such as added fiber or protein, which align with dominant health narra-
tives and distract from the concentration of processed ingredients. Protein-enriched
UPFs provide a salient example: although marketed as healthier options, clinical tri-
als suggest they continue to promote overeating and carry similar health risks as
conventional sweets.200

Just as vitamin-infused vapes aim to reframe nicotine delivery, functional additives
in UPFs (such as probiotics or added vitamins) are used to elevate the health image of
products that bear little resemblance to whole foods—for example, probiotic sodas.201
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From Tobacco to Ultraprocessed Food 23

These ingredients contribute to a veneer of wellness while preserving and sometimes
enhancing the product’s appeal.201

The use of nonsugar sweeteners (NSS) represents another major front in the food
industry’s health-washing toolkit.202 Once limited primarily to diet sodas, NSS are
now added to a wide array of products—yogurts, condiments, and even children’s
snacks—to reduce “added sugar” while maintaining palatability through combina-
tions with fat and other reinforcing ingredients.99 Their widespread use in children’s
products is particularly concerning because the long-term effects of early NSS expo-
sure remain poorly understood.203,204 Whereas some studies suggest that NSS may
modestly reduce short-term weight gain, others raise concerns about gut microbiome
disruption, increased inflammation, and altered brain signaling.202–205 In some ani-
mal studies, NSS are preferred over drugs like cocaine,206,207 and recent neuroimaging
research in humans suggests they may interfere with appetite regulation particularly
among individuals with obesity.208

Despite these risks, NSS-containing products continue to proliferate, often posi-
tioned as healthier or more responsible choices, particularly when naturally derived
(e.g., monk fruit extract, stevia). However, like filtered or “light” cigarettes, these re-
formulated foods are typically introduced without adequate long-term safety data.209

Their primary function is not to improve public health outcomes but to preserve con-
sumption patterns and forestall regulatory scrutiny, repeating a dangerous playbook
already well-established in the history of tobacco.13

The UPF industry also employs another strategy: green washing. Products are mar-
keted as environmentally friendly despite many UPFs contributing to environmental
harm.210 For example, sugar-sweetened beverages are packaged in plastics that pol-
lute ecosystems and require large quantities of water for production.211 Cigarettes are
a major source of pollution, and no environmentally friendly version exists.212 Thus,
tobacco companies do not have the same opportunity to present a “green” alternative.
This provides the UPF industry with a unique avenue to portray products as more
beneficial than they truly are, enhancing their social legitimacy while distracting
consumers from both health and ecologic harms.

In contrast, minimally processed foods rarely require such marketing tactics.
Whole fruits, vegetables, legumes, and grains do not depend on fortified claims or en-
gineered additives to convey value.213 They are generally not accompanied by health-
washing strategies because their nutritional integrity is apparent and their risks are
negligible.213,214 Moreover, they tend to have far lower environmental costs compared
with UPFs and modern tobacco products.215 Unlike UPFs and modern tobacco prod-
ucts, minimally processed foods do not need to be reinvented or disguised to appear
wholesome.
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24 A.N. Gearhardt, K.D. Brownell, and A.M. Brandt

Complexity and Spectrum of Risk: Identifying
the Worst Offenders

One of the most common critiques of the UPF classification system is its breadth.
Critics argue that the category is overly heterogeneous, encompassing a wide array of
products—from plant-based milks to candy bars—that differ in nutritional quality
and health impact.216 This criticismmerits serious consideration. However, such het-
erogeneity is not unique to UPFs: it is also a defining characteristic of the processed
tobacco and nicotine product landscape, which spans a similarly wide spectrum of
harm and addictive potential.
The FDA currently recognizes nearly 17,000 unique tobacco products, yet not all

of them carry the same level of risk.217 For example, nicotine replacement therapies,
such as transdermal patches, often contain more nicotine than a single cigarette but
have minimal addictive potential.218,219 This is because they deliver nicotine slowly
and steadily and lack the reinforcing sensory cues such as heat, flavor, and the hand-to-
mouth ritual that characterize combustible cigarettes.218,219 Processed tobacco prod-
ucts range from culturally embedded forms like hookah to loosely regulated items
such as cigars, as well as emerging products like e-cigarettes and nicotine pouches.
Many of these products occupy regulatory and scientific gray areas with unresolved
questions surrounding dose-response thresholds, nicotine absorption rates, and the
long-term effects of hundreds of chemical additives.220–222 Despite this complex-
ity, public-health efforts have advanced by identifying and prioritizing regulation of
the most harmful and addictive products.12 Cigarettes’ precise combination of rapid
nicotine delivery, potent sensory appeal, and cultural normalization have made them
uniquely reinforcing and a persistent focus of prevention and control efforts.12

A similar spectrum of risk exists within the category of UPFs.223 Not all UPFs
are equally harmful. Some, like almond milk and some jarred pasta sauce, are highly
processed but do not always contain the engineered combinations of refined carbo-
hydrates and fats that drive compulsive intake. Similar to tobacco products, UPFs
likely vary widely in terms of their health impact and addictive potential. Despite
this complexity, it remains both possible and essential to identify those UPFs that
pose the greatest risk. Products high in refined carbohydrates and added fats, such
as soda, sweets, and fast food, are among the most addictive and disease-promoting
items in the modern diet.45,47,224,225 These should be prioritized in public-health
messaging, consumer education, and regulatory policy. However, it is important to
note that the strongest evidence linking UPFs to disease comes from dietary pattern
research: populations with high UPF intake experience greater risks across multiple
health outcomes.5 This evidence suggests that policy should not only target specific
high-risk products but also strive to reduce dependence on the UPF-dietary pattern
as a whole.
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From Tobacco to Ultraprocessed Food 25

Conclusion: Lessons From Tobacco for
Confronting UPFs

Cigarettes are not merely nicotine-delivery devices but engineered delivery systems
created for maximum appeal,12 and UPFs are not just nutrients but intentionally
designed, highly engineered and manipulated, hedonically optimized products.3,88

Although food, unlike tobacco, is essential for survival, this distinction should not
preclude meaningful action. In fact, it emphasizes the necessity because opting out
of the modern food supply is difficult. When cigarette use was common and unre-
stricted, avoiding the harms of secondhand smoke was virtually impossible. Today,
exposure to a food environment dominated by UPFs is relentless.226 The tobacco in-
dustry demonstrated how a plant that is toxic in its raw form could be processed into
one of the most addictive and lethal products in history. Applying the same levers of
dose, delivery, and sensory engineering to UPFs has yielded similarly compulsive in-
take and disastrously harmful outcomes. UPFs should thus be viewed less as food and
more as hedonically optimized consumables akin to cigarettes. In industries where
product innovation outpaces long-term safety research, especially for children, pre-
cautionary principles are justified.227 A large body of epidemiologic research from
more than 50 countries now links high UPF consumption to rising rates of obesity,
metabolic dysfunction, and neurobehavioral changes,5 with recent estimates indicat-
ing that one American dies every four minutes from preventable disease associated
with these products.2

Tobacco provides a warning, and tobacco control provides a source of hope. It is easy
to forget how deeply cigarettes were once woven into American life, marketed as sym-
bols of modernity, embedded in social rituals, and celebrated as an economic boon.12

However, in the past 50 years, smoking rates in the United States have fallen by 73%
among adults and 86% among youth.228 This transformation was not accidental: tar-
geted public-health campaigns reshaped cultural views of tobacco and eroded trust in
the industry. Litigation exposed internal documents that revealed deliberate decep-
tion and paved the way for regulation. Taxation was particularly effective in altering
the price point of cigarettes, which motivated many people to quit and prevented
many children from starting to smoke.229 At the same time, tobacco’s history offers a
stark warning. As domestic markets contracted, the industry expanded aggressively
into countries with weaker public health infrastructures and exported addiction and
disease worldwide. UPFs are now following this same trajectory. The time to act is
not only in nations where UPFs already dominate but also in those where their mar-
ket share is still expanding. Unlike tobacco, however, the solution is already in our
hands: minimally and traditionally processed foods that have sustained human health
for millennia. Legal action against health damages and misleading health claims, re-
strictions on UPF advertising, taxation of nutrient-poor UPFs, markedly reducing
UPFs in schools and hospitals, and clearer labeling of ultraprocessing could all serve
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26 A.N. Gearhardt, K.D. Brownell, and A.M. Brandt

as next steps. Similar to tobacco, voluntary reform of the industry will not be suf-
ficient. Policies that confront UPFs with the same seriousness that once applied to
tobacco, while actively promoting real food, offer the most promising path out of the
current crisis.
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