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INTRODUCTION
The addiction epidemic in the United States has now
reached crisis proportions. It is no longer a topic
confined to healthcare professionals and is now
receiving considerable attention by the press, media,
and politicians. Recent data shows widespread use in
adolescents and teens.1 With substance use disorder
(SUD) rates rising, there is an urgent need for new
and innovative treatment modalities. The concept of us-
ing nutrition to treat addiction was proposed as early as
19552 but has not yet been accepted in conventional
SUD treatment. In 1990, the American Dietetic Associa-
tion (now called the Academy of Nutrition and
Dietetics) published a position paper declaring that
nutrition intervention is an essential component of
treatment and recovery from SUD.3,4 Unfortunately,
the position statement was never implemented and
there has been little progress incorporating nutrition
professionals into treatment settings. At the present
time, specialized training programs for nutritionists
seeking work in addiction treatment settings5 do not
exist. In the past decade, many private sector addiction
treatment facilities have begun to incorporate “holistic”
approaches to recovery, which include an emphasis on
healthful eating, but there are no established standards
of practice. Recently, nutrition therapy guidelines have
been developed for specific intoxicating substances6

and this chapter will add to that body of knowledge
by emphasizing the latest advances in our understand-
ing of gastrointestinal (GI) health. This paper summa-
rizes the impact of substances on nutritional status
and proposes strategies that can be employed to
replenish and improve eating behavior in treatment
settings. Because drugs and food are both associated
with cognitive control and executive functioning in
risk/reward decision-making,7 intervention strategies

are grounded in accepted concepts of neuroscience
and psychology.

Dietary Patterns and Malnutrition. It is well estab-
lished that individuals with severe SUDmay have inad-
equate dietary intake leading to malnutrition.8e11 In a
large sample of Canadian intravenous (IV) drug users,
65% met criteria for hunger, which was strongly
correlated with depression, and 74% had inadequate
housing.12 Preference for sweets and other easily
digestible foods (i.e., refined cereal) and a low intake
of fruits and vegetables is a consistent finding in street
dwelling drug addicts.8,9 In one study of 140 heroin
and cocaine addicts admitted to a hospital, 18% were
considered severely malnourished (serum albumin un-
der 3.5 g/dL and/or serum transferrin under 200 mg/
dL), which was worse in females compared to males.13

These authors also found that the heaviest drug users
were also the most malnourished. Research on
HIV-infected heroin-addicted females has shown
malnutrition in all subjects while using but are able
to improve their nutritional status after 6 months of
detoxification.14

Micronutrient Imbalances. Micronutrient defi-
ciencies have been observed in several studies of patients
with SUD.15e19 Specifically, deficiencies in antioxidant
vitamins E, C, and A have been reported. Studies have
revealed iron deficiency and anemia.16,17,19 Elevated
levels of serum copper and zinc are commonly seen in
subjects with SUD16 indicative of infection and inflam-
mation,9,19 slowly returning to normal after abstinence
and nutrition intervention.19 It is possible that imbal-
ances in serum trace minerals alter trace elemental
concentrations in the brain which can lead to oxidative
damage.19 Plasma nitric oxide metabolites are higher
among persons with substance use disorder compared
to controls,18 suggesting injury by free radicals and an
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oxidanteantioxidant disturbance18,20 that has been
implicated in the pathomechanism of relapse.21

Weight Concerns. Many persons with SUD report
gaining weight during early recovery,22e25 although
there is no established association between lifetime
illicit drug abuse and BMI.26,27 Heavy injection drug
users have a lower percent body fat than nondrug
users.28 Hyperphagia has been linked to drug discontin-
uation as well as smoking cessation.29 In one study of
adolescents in treatment, weight gain occurred indepen-
dent of smoking and psychotropic medication use.22

Men in addiction treatment have described dysfunc-
tional eating behaviors such as bingeing and using
food to regulate mood in early recovery (1e6 months)
as well as distress about efforts to lose weight in later
recovery (7e36 months).23 Women who gain weight
in early recovery have expressed interest in incorpo-
rating nutrition and exercise into their recovery
program.24,30 In one study (n ¼ 297), 43% of women
expressed concern that weight gain could trigger drug
relapse31 and other treatment research (n ¼ 124) has
shown that weight-related concerns exist in 70% of
women.32 According to many authors, consideration
should be given to prioritizing efforts to improve
environmental supports for healthful eating within
residential recovery programs.10,30,33

ALCOHOL
Chronic Disease. Weight gain and obesity have been
associated with an increased risk for lifetime alcohol
use disorder (AUD) in men but not women.27 On the
other hand, epidemiological studies support a link
between familial alcoholism risk and obesity for
women but less so for men.34 Recent data from a French
study suggests that drinking frequency is positively
associated with increased BMI and waist circumference
independent of drinking patterns.35 In detoxified pa-
tients with AUD, there is evidence of abnormal blood
pressure response to variations in salt intake that is
similar to sodium-sensitive arterial hypertension, sug-
gesting a possible susceptibility of alcohol abusers to
cardiovascular disease (CVD).36 Other authors have
suggested hyperhomocysteinemia may play a role in
the development of CVD among patients with alcoholic
liver disease (ALD).37 Investigators in Japan have sug-
gested that ethanol-related colorectal cancer might be
linked to the presence of anaerobic bacterial strains
that accumulate acetaldehyde under aerobic conditions
in the colon and rectum.38 The data strongly suggests
that AUD leads to gut dysbiosis (a condition in which

the symbiotic relationship between gut microbiota
and host is lost) and peripheral inflammation.

Alcoholic Liver Disease. Recent advances in the
assessment of the gut microbiome have changed our
understanding of ALD. Evidence suggests that gut
health may be linked to ALD by way of a gut-liver
axis.39 Chronic alcohol consumption leads to higher
synthesis of bile acids,40 which may explain the patho-
genesis of colonic inflammation in ALD.41 A recent
review summarized the importance of dietary lipids in
the progression of ALD.42 Specifically, proinflammatory
omega-6 fatty acids have demonstrated deleterious
effects on liver injury in animal models.43 Additionally,
the progression of ALD appears to be linked to the pro-
gression of lung disease by way of increased oxidative
stress and activation of the inflammatory cascade.44

Microbiome. It has been well established that exces-
sive alcohol negatively impacts the microbiome leading
to dysbiosis in humans45e47 and animals.48e50 Normal
gut microbiota appears to be involved in inhibiting the
growth of pathogenic bacteria in order to prevent condi-
tions such as small intestinal bacterial overgrowth.51

Intestinal microbiota function is altered in AUD leading
to increased markers of oxidative stress and decreases in
the short-chain fatty acids (SCFAs), propionate and
isobutyrate, which are important in maintaining intesti-
nal epithelial cell health and barrier integrity.47

Immune dysfunction in AUD may be related to a
disruption in the integrity of the tight junction
(intestinal barrier), allowing bacterial translocation
into the portal vein or through gastrointestinal
lymphatics.37,52e56 Lipopolysaccharide (LPS) is a major
component of the outer wall of many Gram-negative
bacteria which may allow translocation from the lumen
of the intestine into the portal circulation and then
travel to the liver. Gram-negative bacterial overgrowth
results in augmented endotoxin levels that cause hepat-
ic damage.57 Research has shown that gut “leakiness”
and associated inflammation (measured by LPS,
TNFa, IL-6, IL-10, and hsCRP) in noncirrhotic
alcohol-dependent subjects correlate to measures of
depression and alcohol craving.58 After 3 weeks of absti-
nence, alcohol-dependent subjects with gut leakiness
had higher degrees of depression, anxiety, and craving
than those with less gut permeability.46 These authors
suggest that these psychological symptoms may
contribute to a negative reinforcement process involved
with persistence of AUD. Since not all subjects
developed gut leakiness, chronic alcohol consumption
by itself is not sufficient to cause gut dysfunction;46

therefore, other variables (e.g., diet, smoking, genetics,
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immune status) are likely involved. Other subjects with
AUD displayed evidence of alcohol gut dysbiosis that
persisted after an extended period of sobriety and in
the absence of ALD.45 A recent review summarized the
role of the gut-brain axis in alcohol use disorders.59

The authors suggest that alcohol-induced gut dysbiosis
contributes to neuroinflammation in the amygdala,
which contributes directly to withdrawal behavior and
symptoms (anxiety and depression). More evidence of
the gut-brain axis will be summarized in subsequent
sections.

Nutritional Deficiencies. By evaluating gastrointes-
tinal function (assessed by D-xylose breath tests) inves-
tigators found that chronic alcohol overconsumption
seems to cause malabsorption in the small intestine,
comparable to patients with untreated celiac disease.60

It is likely that compromised gut function leads to
reduced absorption of nutrients. Any damage to the
liver can compromise the metabolism of micronu-
trients.61 Additionally, alcohol instead of food leads
to poor nutritional intake,62 making it difficult to deter-
mine if nutrient deficiencies stem from primary malnu-
trition or secondary malnutrition, which occurs from
alterations in the absorption, metabolism, utilization,
and excretion of nutrients.

It is well established that thiamine deficiency is
linked to alcoholism and can lead to Wernickee
Korsakoff syndrome.63 Mechanisms of thiamine defi-
ciency include inadequate intake, decreased absorption
from the gastrointestinal tract, hypomagnesaemia,64

and increased utilization in the cells. Intravenous thia-
mine is routinely administrated in hospital settings
for AUD. Vitamin B6 may also be deficient due to
increased utilization and reduced formation.61 Serum
folic acid concentrations are often low in AUD and
some authors have concluded that hyperhomocysteine-
mia is a probable cause.65 A recent study showed no dif-
ferences in folate and vitamin B12 levels between
individuals with alcohol dependence and social
drinkers.66 Vitamin B12 deficiencies may be normal or
elevated in the serum of AUD patients yet depressed
in the liver due to decreased uptake by hepatocytes.67

Deficiencies of B6, folate, and B12 appear to be linked
to ethanol-induced aberrant methionine metabolism68

yet supplementation with S-adenosylmethionine
(SAM) for ALD has led to inconclusive results.67

Both human and animal models have demonstrated
adverse effects of alcohol on vitamin A metabolism.69

Low vitamin D levels70 have been associated with
increased fractures in AUD.71 Links between iron and
AUD appear inconclusive. In one investigation, the
majority of patients with AUD did not display

abnormal iron metabolism; some displayed deficiency
while some exhibited iron overload.66 Micronutrient
deficiencies appear inconsistent in human studies since
they are retrospective and do not control for dietary
intake. Because the prevalence of malnutrition in AUD
is high,72 all patients should be screened for vitamin
and mineral deficiencies through conventional labora-
tory testing and examination of clinical signs and symp-
toms. Generally, a complete multivitamin/mineral
supplement is indicated to augment the diet upon
cessation of alcohol, and IV thiamine may be warranted
if WernickeeKorsakoff syndrome is present.

Hormones. Research has shown that circulating lep-
tin levels are increased in a dose-dependent manner in
AUD, regardless of nutritional status or the presence
of liver disease.73 These investigators found that leptin
levels returned to normal after cessation of ethanol,
while other investigators showed that leptin levels in-
crease during the 10-day alcohol withdrawal period.74

Other research shows rises in leptin that eventually
decrease between day 5 and 16, likely attributable to
dietary changes (lipid intake).75 Gut-derived ghrelin
appears to play a key role in alcohol-seeking behavior.76

Alcohol-dependent patients have increased ghrelin
levels during early abstinence, increasing during the first
week of alcohol withdrawal,77 whereas other research
suggests that ghrelin drops and then rises between day
5 and 16.75 Similar to leptin, insulin appears to rise be-
tween day 2 and 5 and then decrease between day 5 and
16,75 but failure to adequately control for dietary intake
make conclusions difficult to reach. In long-term absti-
nent alcoholics, investigators observed a significantly
blunted response in blood glucose following a glucose
infusion.78 Subjects exhibited trends toward both
blunted responses in glucagon and insulin. Authors
speculate that nervous system damage attributable to
the effects of alcohol exposure is responsible for the
insufficient hormonal response, particularly neurons
in the hypothalamus. Taken together, the apparent
link between alcohol abuse and abnormal hormonal
responses highlights the negative impact of alcohol on
the endocrine system, providing support for the need
for dietary intervention in supporting long-term absti-
nence and recovery. Further links between hormones
and addictive processes are discussed below.

Eating Behavior. Various studies have confirmed
that AUD patients display abnormal preference for
sweetened foods79 and beverages.25,80 Possible
mechanisms for increased sweet preference include
links between carbohydrates and serotonergic neuro-
transmission,79 the dopaminergic impact of sweetened
foods,81 impaired hormonal responses to glucose,78
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links between appetitive hormones and craving,82 and
genetics.83e85 Tendencies to engage addiction-like
eating patterns will be discussed in more detail in
subsequent sections, as they cannot be ignored when
attempting to improve nutritional habits in this
population.

Nutritional Treatment. A recent meta-analysis
concluded that nutritional interventions may have
beneficial effects on clinical outcomes for patients
with alcoholic hepatitis or cirrhosis, including survival
and decreased risk of hepatic encephalopathy and infec-
tions.86 Medical interventions for alcoholic hepatitis
have been described elsewhere55 and emerging
evidence suggests potential benefit from microbiota-
based treatments for ALD including fecal transplants
and probiotics/prebiotics,56 as well as possibly addi-
tional polyphenolic compounds such as epigallocate-
chin gallate (EGCG).87 In a randomized controlled
trial, hospitalized patients with alcoholic hepatitis
received 7 days of oral supplementation with cultured
Lactobacillus subtilus/Streptococcus faecium (1500 mg/
day) and had significant restoration of bowel flora
and reduction of LPS.88 Given what is known about
the link between dietary fatty acids and inflammation,
emphasis on omega-3 essential fatty acids should be
considered an important part of nutrition therapy. In
animal models, dietary flaxseed oil ameliorates ALD
via anti-inflammation and modulating gut micro-
biota.89 In other rodent research, polyphenols from
olive oil were protective against alcohol-induced
oxidative stress.90 Nutraceutical regimens to ameliorate
the toxic effects of alcohol merit further attention.91

Nutrition intervention strategies specifically for AUD
are summarized in Table 2.1. Overall recommendations
common for all substance use disorders are summa-
rized in Table 2.2.

STIMULANTS
Cocaine. Similar to AUD, patients with a history of
cocaine use disorder (CUD) have a higher preference
for sucrose-sweetened beverages92 and a higher overall
intake of carbohydrates.93 Cases of Wernicke’s enceph-
alopathy have been reported in crack-cocaine users
who did not regularly consume alcohol, indicative of
thiamine malnutrition.94 Cocaine-dependent men are
more likely to skip breakfast than healthy men and to
consume higher amounts of fatty foods, reflected by
increased levels of monounsaturated and saturated fatty
acids in plasma.93

In one sample of nonopioid and nonalcohol-
dependent persons with cocaine dependence, low

polyunsaturated fatty acid (PUFA) levels measured
2 weeks after hospital admission served as a predictor
of relapse after 3 months.95 Investigators suspect that
since PUFAs can influence serotonergic and dopami-
nergic neurotransmission,96 altered reward mecha-
nisms might influence drug-taking behavior. In a
small sample, polysubstance abusers who received 3g
omega-3 PUFAs daily for 3 months had significant de-
creases in measures of anxiety, persisting for at least
3 months post-treatment.97 While more data on the
link between PUFAs and cocaine is needed, this may
prove to be a beneficial nutritional strategy.

Cocaine-dependent men exhibit a trend toward
lower circulating leptin levels.93 There is evidence that
overeating patterns can precede the recovery process
but the effect may be disguised by lack of weight
gain.98 Authors suggest that chronic cocaine use directly
interferes with metabolic processes resulting in an
imbalance between fat intake and storage.93 Altered
hormones combined with addiction-like eating is likely
to explain excessive weight gain upon cessation of the
drug. In a large US adult population study, cocaine
use has been associated with elevated blood pressure.99

TABLE 2.1
Recommendations for Recovery From Alcohol
Use Disorders

• 1.2e1.5 g/kg/day protein
• Full-spectrum multivitamin/mineral broken into at

least two separate daily doses
• Additional B-complex vitamin (intravenous thiamine if

WernickeeKorsakoff syndrome is present)
• Additional vitamin D3 if deficient (also direct sunlight

for 20 min twice/week)
• Omega-3 DHA-rich 3 g/day, reduced exposure to

omega-6 fatty acids
• Probiotic supplement (refrigerated)

Where More Information is Needed:

• If liquid multivitamin/mineral supplements work better
for absorption of micronutrients

• If supplemental zinc will be effective in improving gut
permeability and optimal dosage

• If supplemental S-adenosylmethionine is effective for
alcoholic liver disease and optimal dosage

• If supplements to support liver function are beneficial
• Which particular strains of probiotic bacteria are

optimal for alcohol users
• How nutrition interventions should differ based on

presence/progression of liver disease
• Link between alcoholism and the insulin-leptin-ghrelin

response
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In a small sample of HIV-infected drug users,
cocaine users had a higher relative abundance of Bacter-
iodetes in their intestines, suggesting that the drug may
contribute to changes in the microbiome.100 In animal
models, alterations in the gut microbiota via antibiotic
treatment enhanced behavioral response to cocaine, as
modulated by reward circuitry in the brain.101 Other
animal research has led investigators to propose that
targeting the microbiota-gut-brain axis has promise in
the treatment of co-occurring HIV and cocaine
abuse.102 Taken together, cocaine use is associated
with altered physiology in the gut, brain, and endo-
crine system.

While it is unclear if some of the observable alter-
ations precede drug use, nutrition therapy designed to
restore gut flora, stabilize hormones, and reduce addic-
tive neuro-circuitry appears promising in the treatment
of CUD. In one small study, supplemental N-
Acetylcysteine (NAC) decreased cue-induced cravings
in cocaine-dependent individuals.103 NAC stimulates
cysteine-glutamate exchange and can restore gluta-
thione (antioxidant) which appears to be linked to
addiction signaling proteins and may have benefits for
other substances as well.104 While rodent research has
generated compelling findings, human studies are
inconclusive.105 Additional research linking cocaine to
NAC, overall nutritional status, and microbiome is
needed.

Methamphetamine. Methamphetamine (MA) use is
generally associated with decreased BMI.106 In rodents,
acute administration of MA has led to significant reduc-
tions in the appetite hormone NP-Y107,108 consistent
with humans who report lost hunger during MA use.
There are published case reports of MA use for weight
control in women with eating disorders109 and larger
studies show associations with bulimia nervosa (BN),
but not anorexia nervosa.110 There also exists evidence
of hyperphagia and rebound weight gain in
amphetamine-treated rodent models during the first
month of abstinence.111 In one study from Australia,
amphetamine users were nearly twice as likely to
become obese than opioid users.112 Clinical anecdote
suggests that rebound weight gain in humans during
first months of abstinence can be as high as
10e30 lbs. per month for previously underweight
patients, but eating behaviors and food preference dur-
ing early recovery from MA has not been adequately
described.

An intriguing link between MA and oral health ex-
ists. Anything that effects dental health has the potential
to impact all areas of nutrition via influence on food
choices. Several studies have linked IV MA use with
dental problems113e116 including no visits to the
dentist within past year.113 Other articles have sug-
gested that dentists can play a crucial role in the early
detection of MA use.115,116 It is unknown if the increase
in dental disease is due to hygiene habits or from
secondary effects of the drug, as dental problems have
been linked with other illicit substances including
cocaine.117 It is likely that high intake of sugar sweet-
ened beverages and other sugar-laden foods contributes
to this association, as well as increased acidity in the
oral cavity.114 Animal data suggests that MA can cause
altered carbohydrate metabolism and cause dysregula-
tion of calcium and iron homeostasis.118 It is possible

TABLE 2.2
Overall Recommendation for Recovery From all
Substance Use Disorders

• 2e3 L of water per day, replacing sweetened
beverages

• Emphasis on plant proteins from beans, nuts, seeds
• Emphasis on whole grains (oats, farro, quinoa, barley,

etc.) over refined grains

• “Anti-inflammatory diet” rich in antioxidant vitamins A,
C, E, selenium, iron, omega-3

• Sources of vitamin A: carrots, pumpkin, sweet
potatoes, spinach

• Sources of vitamin C: bell peppers, kiwi, broccoli,
strawberries

• Sources of vitamin E: almonds, sunflower seeds,
avocado, peanut butter

• Sources of selenium: brazil nuts, yellowfin tuna,
turkey, halibut

• Sources of iron: red meat, lentils, pumpkin seeds,
kidney beans

• Sources of omega-3: fatty fish, chia seeds, flax seeds,
walnuts

• Gradual increase in fiber intake to meet daily
recommendations: 25 g/day women, 38 g/day men

• Get fiber from whole food over dietary supplements
• Sources of fiber: beans, whole grains, berries,

cruciferous vegetables
• For additional fiber, use chia seeds soaked in water

• Eat breakfast within 30 min of waking up
• Eat smaller meals every 2.5e4.5 h (5e6 times/day)
• Fruit or vegetable with every meal/snack
• Raw vegetable daily
• Fermented foods (not fermented beverages!)

• Max 400 mg caffeine/day (3e4 cups of coffee)
• Use green tea over coffee when possible
• Minimize artificial sweeteners
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that altered calcium metabolism may be linked to MA-
induced dental disease but more studies are needed to
explore potential underlying mechanisms.

Research on MA-dependent humans in China
showed that levels of total cholesterol, triglycerides,
and glucose are significantly decreased on the second
day of hospital admission, indicative of malnutri-
tion.106 Consistent with findings of increased oxidative
stress in polysubstance users, measures of MA-induced
neurotoxicity are reduced by antioxidants selenium119

and CoQ10.120 Supplemental antioxidants appear
promising, particularly if there are challenges imple-
menting nutrition therapy focused on whole plant
foods with high fiber and high antioxidant potential.
Similar to alcohol and other intoxicating drugs, MA in
high doses disrupts epithelial barrier function by modu-
lating tight junction integrity and epithelial cell
viability.121 To date, links between MA use and gut
health have only been explored in animal models, but
suggest that administration of the drug leads to dysbio-
sis.122 Specifically, propionate-producing genus Phasco-
larcobacterium was repressed by MA and the family
Ruminococcaceae (linked to anxiety) was elevated.
Investigations exploring links between MA and the
microbiome are needed. Nutrition intervention strate-
gies specifically for stimulants cocaine and MA are
summarized in Table 2.3. General recommendations
for SUD are summarized in Table 2.2.

OPIOIDS
Overview. The cost of opioid use disorder (OUD) rep-
resents a substantial and growing economic burden
for society in the United States.123 Increasing IV drug
use is one factor that has led to increased rates of over-
dose and death.124 Much of the nutrition-related data
comes from patients on methadone maintenance.125

Similar to cocaine, opioids are associated with hormon-
al abnormalities including decreased serum leptin126

and rapid weight gain during treatment.127 Studies
have linked prolonged heroin use with oxidante
antioxidant disturbances20 and lower-than-normal
bone mass.128 Attempts to alleviate the withdrawal
and mood symptoms during recovery with supple-
ments containing precursors for neurotransmitters
(tyrosine, lecithin, L-glutamine, and 5-HTP) have
shown promise,129 but recent advances in microbiome
research indicate that more attention be directed toward
prioritizing recovery of GI function.

Gastrointestinal Health. Opioids delay gastric
emptying130 and constipation-related symptoms
including straining, hard stools, painful, infrequent,

and incomplete bowel movements are well known.131

Opioid-induced bowel dysfunction reflects the impact
of opioids on the entire GI tract, which includes symp-
toms such as: dry mouth, heartburn, nausea, vomiting,
chronic abdominal pain, and bloating.131 In a large
retrospective study from a hospital setting, moderate
to high use of opioid analgesics are associated with an
increased risk of Clostridium difficile infection in a
dose-dependent manner.132 It is possible that such
association results from interruptions in the rhythmic
contraction of the intestine, causing a motionless
environment favorable to bacterial growth. Investiga-
tors hypothesize that delayed GI transit time may
subsequently increase intraluminal concentrations of
toxins.132

In animal models, morphine disrupts intestinal
epithelium increasing the virulence of Pseudomonas
aeruginosa, capable of causing lethal gut-derived
sepsis.133 In other rodent research, morphine induced
bacterial translocation by compromising intestinal
barrier function, leading to inflammation in the small
intestine.134 While the mechanism of action behind
gastrointestinal imbalance for opioids and alcohol is
not identical, the result is the same: inflammatory

TABLE 2.3
Recommendation for Recovery From Cocaine
and Methamphetamine

• Protein-rich diet: 1.2e2.0 g/kg/day (whey or plant-
based protein powder can help)

• Minimize refined carbohydrates (use complex
carbohydrate)

• Gradual weight gain if underweight (instead of rapid,
ideally under 10 lbs./month)

• Full-spectrum multivitamin/mineral broken into at
least two separate daily doses

• Additional vitamin D3 if deficient (also direct sunlight
for 20 min twice/week)

• Omega-3 DHA-rich 3 g/day, reduced exposure to
omega-6 fatty acids

• Probiotic supplement (refrigerated)

Where More Information is Needed:

• If supplemental metals (i.e., iron, copper) in
multivitamin/mineral promote oxidative stress

• Which particular strains of probiotic bacteria are
optimal for cocaine and meth users

• How compromised oral health can impact nutritional
status

• If supplemental N-acetylcysteine (or glutathione) is
effective to reduce cravings and optimal dosage
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cascades and compromised immune status. Gut dysbio-
sis can lead to the overgrowth of specific bacterial
strains. Currently, it is unknown if particular strains
can influence addictive processes, but it appears
possible. In one animal study, Enterococcus faecalis was
associated with morphine-induced alteration of gut
microbiome, with an increase of 100-fold compared
to placebo.135 More research is needed to determine
possible links between gut health and opioid-induced
pathology.

Nutritional Deficiencies. OUD has been associated
with decreased levels of blood glucose,136 thiamine,137

vitamin B6,137,138 folate,137 vitamin C,138 potas-
sium,139 calcium,139 magnesium,140 zinc,141 sele-
nium,142 and cholesterol.139 Other data on ex-heroin
addicts has shown higher cholesterol levels,136 suggest-
ing possible differences between using versus absti-
nence. One group of researchers suggested that
cholesterol may be associated with the cognitive aspect
of drug craving.143 Vitamin and mineral values are also
inconsistent in published studies, suggesting that con-
founding variables such as dietary choices make it diffi-
cult to associate the drug with any specific deficiencies.
In one study, methadone patients received 50,000 IU
vitamin D every 2 weeks for 12 weeks and showed sig-
nificant improvements in psychological symptoms.144

Notwithstanding, nutrient deficiencies should be
confirmed by laboratory testing when available before
overzealous administration of supplements. Some
researchers believe that medication-assisted treatment
is not favorable unless it is coupled with proper diet
due to the negative role of vitamin and mineral
deficiencies in the withdrawal process.145 More data is
needed on the role of micronutrients in the recovery
process from OUD.

Eating Behavior. OUD has been associated with
high consumption of sweets and low intake of dietary
fiber.146e148 Given what is known about the impact
of opioids on gastrointestinal motility, it is not surpris-
ing that this population would select foods requiring
minimal digestive efforts. Qualitative research in
Australia has revealed that active heroin users have little
interest in food and prefer foods that are quick, conve-
nient, and cheap.149 Other qualitative data indicates
that chronic IV drug users are actively involved in man-
aging and improving their health even while continuing
to engage in drug use.150 Once getting sober, some
ex-heroin users take pleasure in food preparation and
eating, while others express very little interest.

In a small sample, patients on long-term methadone
maintenance had higher BMIs than controls, suggesting
possible links between endogenous opioid systems and

palatable food consumption, leading to overeating.151

Other research has suggested that mechanisms (e.g.,
altered hormones) other than addiction-like eating
may be responsible for the weight gain associated
with methadone.152 In Turkey, more than a quarter
(28%) of patients with heroin use disorder from a
detoxification hospital met established criteria for
food addiction and 21% met criteria for binge eating
disorder (BED) with significant overlap between the
two.153 Co-occurrence of SUD and eating disorder will
be discussed in more detail below. More data is needed
regarding nutrition intervention strategies during recov-
ery from OUD. Current recommendations for nutri-
tional interventions in OUD can be found in Table 2.4.

CO-OCCURRING SUBSTANCE USE
DISORDER AND EATING DISORDER
Background. Co-occurring SUD and eating disorders
(ED) have been investigated and described154e157

TABLE 2.4
Recommendations for Recovery From Opioids

• Protein-rich diet: 1.2e2.0 g/kg/day (whey or plant-
based protein powder can help)

• Use fruit (fresh/frozen/dried) for “sweet tooth”
• Gradual weight gain if underweight (instead of rapid,

ideally under 10 lbs./month)
• Full-spectrum multivitamin/mineral broken into at

least two daily separate doses
• Additional vitamin D3 if deficient (also direct sunlight

for 20 min twice/week)
• Omega-3 DHA-rich 3 g/day, reduced exposure to

omega-6 fatty acids
• Probiotic supplement (refrigerated)

Where More Information is Needed:

• If liquid multivitamin/mineral supplements work better
for absorption of micronutrients

• If supplemental vitamin B6 is beneficial for heroin
users and optimal dosage

• Which particular strains of probiotic bacteria are
optimal for heroin users

• How to best manage opioid-induced bowel
dysfunction nutritionally

• If digestive enzymes are effective and optimal dosage
• If supplements containing precursors for

neurotransmitters are effective and optimal dosage
• Link between opioids, cholesterol, and hormones
• Effectiveness of “sunlight therapy” in recovery from

opioid addiction
• Nutritional implications of Suboxone (buprenorphine/

naloxone) and Vivitrol (naltrexone)
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with data pointing to bidirectional associations. There
is significant overlap between SUD and ED both neuro-
chemically158 and behaviorally.159 Compensatory
behaviors such as fasting and self-induced vomiting to
avoid weight gain from consuming alcohol have
recently been called “drunkorexia”.160 There is evidence
of new onset SUDs (primarily alcohol) following
bariatric procedures161e164 suggesting potential for
cross-addiction between food and alcohol/drugs.165

Other authors have suggested that the overlap in
maladaptive behaviors may stem from difficulties
with emotion regulation166,167 including tendencies to
act rashly in the face of distress168 and coping with
negative affect.169

In one small sample of women in long-term addic-
tion treatment, the overlap between SUDs and EDs
was 39%.170 In a study from an ED clinic (n ¼ 50),
100% of patients had a history of psychoactive sub-
stance misuse.171 Overall, the estimated comorbidity
of SUD and ED ranges from 3% to 50%.84,172,173

Despite some data suggesting clinically significant EDs
are somewhat rare in SUD populations, problematic
eating behaviors such as nibbling, night eating, and
dietary restraint are relatively common.174 Night eating
syndrome has been observed in SUD patients175 with
even higher rates in those with nicotine dependence.176

Misuse of prescription stimulants (Ritalin, Adderral,
Concerta), which are known appetite suppressants,
has been associated with more severe ED symptom-
atology.177 Additional data is needed on the interaction
between prescribed medications common in SUD treat-
ment and the development of disordered eating. Anec-
dotally, there are reports of medications (i.e., Seroquel)
leading to nighttime bingeing and distress about weight
gain. There are also reports of weight gain from medica-
tions that are not linked to dietary change, but rather to
adverse effects on metabolism, and potentially alter-
ations in gut microbiota.

Recently, there has been growing interest in an over-
all integrated treatment approach to SUD and ED,
rather than separate sequential treatments.173,178,179

In SUD populations, loss-of-control binge episodes
observed with binge eating disorder (BED) and BN
are more common than AN restrictive-type,156,174,180

with even higher prevalence when there is a post-
traumatic stress disorder diagnosis.181,182 Compulsive
exercise has been associated with ED pathology183

but to date compulsive exercise during SUD recovery
is inadequately understood (reviewed below). In the
male population, obsessive preoccupation with muscu-
larity coupled with intense exercise and SUD has been
described,184 but the majority of data on co-occurring

SUD and ED exists in women. In adolescents, the use
of tobacco, alcohol, and cocaine has been associated
with disordered eating behavior.185 In one study, over
half of adolescents who reported substance use engaged
in unhealthy weight loss practices such as fasting, diet
pills, or laxative use/purging.186 Taken together, the
overlap between disordered eating and substance
misuse necessitates that nutritionists and other treat-
ment professionals in SUD settings be adequately
trained in ED treatment principles.

Bulimia Nervosa. Shared traits between BN and
SUD appear to stem from genetic influences more
than environmental factors.187,188 In a small sample
of women, alcohol consumption appears to reduce
eating-related urges189 which is consistent with other
findings that women with BN turn to substances to
dampen bulimic urges.157 Conversely, it is also likely
that alcohol consumption can act as a trigger for
bingeing and purging. Given the neurobiological over-
lap between BN and drug addiction, some authors
have suggested pharmaceutical treatments for BN
targeting dopamine, glutamate, or opioid neurotrans-
mitter systems that are effective in treating SUDs.158

To date, there is no consensus on the frequency and
amounts of highly palatable foods to include in the
diets of patients with comorbid BN and SUD, but a
theoretical model known as the Disordered Eating
Food Addiction Nutrition Guide (DEFANG) may be
helpful for case conceptualization.190 Currently, the
most common model for nutritional management of
BN suggests regular inclusion of highly palatable foods
(processed foods with added sugar, salt, fat) because
overly restrictive approaches typically are not sustain-
able and can reinforce an unhealthy relationship to
food.

Binge Eating Disorder. Before BED was an official
diagnosis, authors described overlaps between SUD
and obesity highlighting a need for shared treatment
approaches including pharmacology, psychotherapy,
mindfulness training, and 12-step.191 Overlap between
BED and SUD has received considerable attention in
recent years192e194 with most conclusions providing
support for the food addiction hypothesis. In rodent
models, a history of bingeing on high-fat foods led to
the development of cocaine seeking and taking behav-
iors.195 In young adult women, illicit substance users
had a higher likelihood of developing comorbid or
substitute binge eating, but the reverse was not
true.191 Despite commonalities between BED and
food addiction, there are often distinct characteristics
of BED such as shape/weight concerns196 and dietary
restraint that emerge as causal mechanisms in the
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development of binge eating behavior which suggest
that BED, food addiction, and obesity are not always
synonymous.197 A case study and more information
about BED/SUD can be found in the DEFANG
article.190

FOOD ADDICTION
Background. Food addiction (FA) research has been
discussed for several decades and much of the research
originated in Mark Gold’s lab at the University of Flor-
ida.198 In a landmark paper from 2005, Volkow and
Wise described overlapping neuroimaging characteris-
tics between obese subjects and SUD subjects, with
similar reductions in dopamine (DA) D2 receptors.199

Other imaging studies using PET scans have shown
deficits in DA D2/D3 receptor signaling are related to
obesity and addiction susceptibility200 by making
food/drugs less rewarding and more habitual.201

Although functional imaging techniques are still in
their infancy, they hold significant promise for inform-
ing intervention strategies for abnormal intake
behavior.202 Animal data suggests that the neurobiolog-
ical process of relapse into old, unhealthy eating habits
has similarities to relapse into drug-seeking during
abstinence.203 Despite the aggregate of convincing
data, the FA hypothesis is not without detractors.
Important differences between obesity and SUD
include the temporal course of relapse across these dis-
orders and respective treatment outcomes.204 Others
prefer to label it as an eating addiction (behavioral
addiction) rather than a substance-related addiction.205

With the validation of the Yale Food Addiction Scale
(YFAS) in 2008206 and the updated YFAS 2.0 in
2016,207 there have been hundreds of studies describing
FA using this construct in obese patients,208 adoles-
cents,209 children,210 those with eating disorders,211

and more recently those with SUD.153,212 It has been
established that food restriction enhances the rewarding
effect of stimulant drugs in animals213,214 as well as in
humans.215 Human studies repeatedly show that cessa-
tion of drug use leads to rebound hyperphagia and
subsequent weight gain.22e24,29,31 While the “addiction
transfer” hypothesis has been described,216 more
research is needed to describe FA in SUD populations,
particularly during early abstinence compared to sus-
tained recovery.

In 1996, Blum and colleagues introduced the
concept of reward deficiency syndrome (RDS)
describing a genetic dysfunction of the DA D2 receptor
leading to substance seeking behavior.217 This frame-
work proposes genetic testing as a means to identify

individuals at risk for food and drug addiction218

and DNA Customized Nutrition (also known as Nutri-
genomics) using nutraceuticals (e.g., amino acids) to
improve brain dysfunction associated with addic-
tion.219 The use (including type and dose) of amino
acids and other dietary supplements in this research
continues to evolve220e222 and remains controversial.
While attempts to induce “dopamine homeostasis” by
balancing DA function in the brain’s reward circuitry
(via genetic expression) through nutraceuticals shows
promise for recovery,223 the use of nutrition therapy
(real food) remains difficult to study (small effects
require large samples to detect significant change) and
underfunded and is therefore virtually unexplored.

An important development in the addiction litera-
ture related to both food and reinforcing drugs is the
discernment between “wanting” (incentive salience)
and “liking” (hedonic impact).224 Often the addicted
individual can strongly “want” for something, which
is not cognitively wanted. The “liking” can remain sta-
ble, or even decrease, while the “wanting” increases.
Wanting is synonymous with craving, which is now
part of DSM-5 criteria for SUD, and an important
construct considering the contemporary food environ-
ment.225 In one study, highly processed foods were
generally related to elevated craving/wanting but not
significantly associated with elevated liking.226 The
authors suggest that the term “food addiction” be
refined to “highly processed food addiction.”

Overactivation of the reward pathways and the sub-
sequent development of compulsive-like behavior227

causes dysfunction of the prefrontal cortex,228 which
is responsible for executive functioning such as weigh-
ing pros and cons. It is not surprising that so many
people in early SUD recovery exhibit disordered eating
patterns, particularly when rehab settings provide
unlimited access to highly palatable foods. The impor-
tance of environmental cues on food motivation229

should necessitate consideration of the food environ-
ment at the treatment facility. According to one study,
foods with the most addictive potential include: choco-
late, ice cream, French fries, pizza, cookie, chips, and
cake.230 These are foods commonly served in SUD treat-
ment settings, which may lead to undesirable patterns
of impulsive consumption.231

Variations in the DAD2 gene have been associated
with impulsive decision-making and delay discounting,
which is a preference for small immediate rewards over
larger but delayed ones.232 Delay discounting may be a
behavioral marker for pathological disorders across
both food and drug use233 and is an excellent topic
for group discussion in treatment settings. Nutrition
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education that is informed by FA research can target
topics like craving, impulsivity, delay discounting, and
novelty seeking when providing SUD patients with
eating advice. Discussion of the cross-addiction concept
by treatment providers can be helpful to normalize con-
cerns about eating behavior during early SUD recovery,
particularly as prevention against the development of
extreme dieting and EDs. A weekly psychoeducation
group led by a registered dietitian nutritionist (RDN)
is recommended.

Hormones. A review article suggested that obesity-
associated inflammation modulated by leptin in the
brain may promote addictive behaviors leading to a
self-perpetuating cycle of addiction to food, as well as
drugs/alcohol and process addictions such as
gambling.235 Leptin may be implicated in cognition
and mood, linking impaired leptin activity to
obesity-related depression.236 In animal models, food
deprivation can provoke relapse to heroin seeking via
a leptin-dependent mechanism.237 While still not fully
understood, it is known that leptin has action extending
to the brain reward circuits contributing to preference
for highly palatable foods. It has been suggested that
the leptinedopamine interaction is bidirectional.238 It
is possible that a state of leptin resistance239 or hypo-
thalamic leptin insufficiency236 could explain why
elevated serum leptin levels activate hedonic mecha-
nisms and fail to promote homeostatic regulation in
certain individuals.

Ghrelin has opposing effects with leptin, stimulating
appetite by activating orexigenic neurons in the hypo-
thalamus, playing a role in meal initiation.240 Ghrelin
has received attention related to reward mechanisms
from alcohol,76,241 intoxicating drugs,242e244 and high-
ly palatable food.242,245 Conclusions suggest that ghre-
lin increases the incentive value of motivated behaviors
(craving) via communication with various DA systems.
Similar to leptin and ghrelin, insulin regulates DA
neurotransmission calibrating reward processes that
motivate consumption behavior.246 Given that insulin
is sensitive to food intake, and that the insulin receptor
signaling pathway interferes with leptin signaling,247 it
is likely that high glycemic eating patterns can create a
negative reinforcement pathology further perpetuating
the cycle of compulsive or binge eating. Prevention of
hyperinsulinemia can prevent insulin resistance248

and therefore should be considered an important target
for nutrition interventions, particularly when FA or
SUD is present.

Utilizing several small feedings with balanced
macronutrient distribution throughout the day (5e6
small meals/day) can be an effective approach toward

preventing spikes and subsequent drops in insulin.
Given that insulin can block leptin, this strategy may
be effective in gradually normalizing leptin levels,
although there is no data in the SUD population to sup-
port this claim. Similarly, stable insulin levels achieved
through regular and consistent feeding patterns may
prevent ghrelin from increasing to abnormal levels.
Many patients in early recovery report skipping break-
fast and postponing eating until they are sufficiently
hungry, which makes sense considering the hormone-
modulated reward response to food. Gradual increases
in fiber intake throughout the recovery process can
improve gut function, minimize undesirable insulin
spikes, promote satiety, and essentially activate homeo-
static mechanisms. Meanwhile, dysregulation of food
intake attributed to the complex interplay between
neurochemistry and endocrine function remains poorly
understood and is yet to be adequately described in
SUD populations.

CAFFEINE AND NICOTINE
Excessive intake of nicotine and caffeine have been
described in AUD249 and SUD250 populations. The
stimulant effects of caffeine and nicotine appear to be
mediated by DA, explaining their mood-altering appeal
in individuals with a history of SUD.251 Both substances
can interact with medications commonly prescribed for
mental illness.252 In one study of AUD inpatients,
individuals with a history of alcohol dependence in a
first-degree relative had a stronger desire to drink coffee
and had a higher coffee consumption than patients
without family history,249 consistent with genetic
links.83 This study also found that a higher consump-
tion of cigarettes was associated with an increased risk
of relapse. In one SUD treatment center in Hawaii,
caffeine use was associated with depression.250 While
it is conceivable that some depressed individuals may
self-medicate with caffeine, no causal relationship has
been established. In college students, energy drink con-
sumption was associated with cocaine use, prescription
stimulant abuse, and alcohol abuse.253 The addition of
caffeine use disorder to the DSM-5 is likely to promote
much needed research on this subject.

In one study, smokers presented with lower levels of
docosahexaenoic acid (DHA) compared to controls.254

Reduced DHA concentrations identified in smokers
may affect the dopaminergic system related to compul-
sion and the perpetuation of dependence, which is
consistent with findings of reduced PUFA levels in
cocaine addicts95 and alcoholics.96 A clinical trial of
3g omega-3 supplement (containing 389.52 mg DHA)
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brought about a reduction in nicotine dependence.254

More research on the role of omega-3 in the treatment
of addiction is warranted. There is also a shortage
of data linking nicotine and gut microbiota. Recent
evidence suggests that tobacco consumption impacts
the oral microflora255 and the upper GI tract
microbiome256 but the significance of these findings
as well as interactions with dietary factors as well as
other substances require further study.

Epidemiological data suggests that overweight and
obese men are at decreased risk for both lifetime and
past-year nicotine dependence,27 suggesting an interac-
tion between smoking and food intake. Evidence sug-
gests that nicotine taps into the brain’s core sensing
and integration mechanisms, controlling both energy
intake and energy expenditure.257 In a population of
male smokers, serum leptin concentrations were
inversely correlated with nicotine dependence, despite
no significant differences in caloric intake.258 Other
research has found that higher serum leptin concentra-
tions among smokers trying to quit were associated
with increased craving 259 consistent with craving data
for alcohol.74,260 Recent data found that a subset of
adult e-cigarette users (13.5%) reported vaping for
weight loss/control.261 These users were more likely to
be overweight, restrict calories, and have poor impulse
control. Given what is known about the co-occurrence
of ED and SUD, motivations for use of nicotine should
be explored in addiction treatment settings. Reduction
or cessation should be encouraged.

INTERVENTIONS
Positive associations between nutrition education ser-
vices and SUD treatment outcomes have been reported
within the Veterans Affairs healthcare system.262 Resi-
dents of a SUD program in a United States prison
receiving a series of nutrition workshops led to a signif-
icant improvement in nutrition practices (increased
fiber intake).263 An Italian study demonstrated that
group nutrition education at a residential treatment
facility for alcohol led to improved nutrition behaviors
(eating more than 3 meals/day) and an 80% self-
reported abstinence rate after 6 months.264 A 6-week
environmental and educational intervention (including
cooking activities) to improve dietary intake at 6 resi-
dential drug treatment facilities for men in Upstate
New York led to improved body composition, eating
behavior, and overall satisfaction with the education.265

These investigators documented statistically significant
reductions in waist circumference266 which is important
given that men express weight concerns and distress

about efforts to lose weight during later recovery.23

A 12-week curriculum including group education and
take-home assignments targeting thin-ideal internaliza-
tion, body dissatisfaction, and eating disorder
symptoms in women led to improvements in weight-
related concerns.32 A hands-on nutrition and culinary
interventions we conducted in a Los Angeles SUD treat-
ment center demonstrates that significant improve-
ments in overall self-efficacy related to food
preparation skills and overall enjoyment of cooking
can be achieved, despite logistical and monetary
constraints.267

Exercise. Several small studies have demonstrated
positive effects of exercise in the treatment of
AUD268,269 and SUD.270,271 In a pilot study, a
12-week individually tailored moderate-intensity aero-
bic exercise intervention resulted in significant increases
in percent days abstinent as well as decreases in drinks
per drinking day at follow-up.268 In addition to the
well-known overall positive health effects, several au-
thors have described benefits across psychological,
behavioral/social, and neurobiological domains.272,273

Other perceived benefits include more positive outlook
and increased self-esteem,269 as well as more energy and
improved body image.270 It should be considered that
compulsive exercise274 and/or addiction275 may
become a problem given its potential for use as a
compensatory mechanism and associated progression
into ED behaviors,274,275 but this has not yet been
adequately studied. Despite minimal evidence of exer-
cise as an adjunctive behavioral treatment for SUDs,
there is strong theoretical and practical support, partic-
ularly given the known link between exercise and nutri-
tion behaviors. Clinical trials examining links between
exercise and relapse are needed, as are studies exam-
ining the benefits of different types of exercise (e.g.,
cardio, weights, yoga, etc.) and interaction with other
health behaviors (i.e., diet). Studies combining both
exercise and nutrition interventions may prove useful.

DISCUSSION
While it is known that medications can influence nutri-
tional status through interacting with absorption, meta-
bolism, utilization, and excretion of nutrients, as well as
impacting appetite,276 less is known about how medi-
cations impact the microbiome, and relatively little is
known about how illicit drugs impact nutritional status
and gut health. The failure to adequately address and
improve nutrition behavior among persons with SUD
is a major shortcoming of the prevailing treatment
model. Kaiser and colleagues believe that “better
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collaboration among treatment professionals is needed
in order to serve the multifaceted needs of chemical
dependent patients, and reduce prescriptive care contra-
indicated in the condition of substance abuse.”277

Ravenous food consumption may be due to
“rebound appetite” in the wake of the hypothalamic
suppression from drug use. Making healthful food
choices after abstinence has been achieved may be
very challenging. Sobriety is associated with new emo-
tions, anxiety, and uncertainty. It is easy to seek a pre-
dictable and comforting response from food. This
may lead to overeating, relapse, compromised quality
of life, and the development of chronic disease. Weight
gain during SUD recovery should be monitored and
controlled (gradual rather than drastic) in order to
counter the associated adaptations in nutrition-related
hormones33 and to mediate body image concerns.
Most authors agree that craving for highly palatable
food could be considered a form of dopamine-opioid-
related addiction,278 but there is no consensus on the
extent to which we should intervene on eating habits
during SUD recovery. Conventional wisdom from
Alcoholics Anonymous literature (1939) suggests that
sweets and chocolate should be used liberally in early
abstinence,279 and while there appears to be resistance
against a paradigm shift, emerging evidence suggests in-
dividuals in recovery are increasingly interested in
healthier eating.30,267 Meanwhile, extreme dieting
should be discouraged.

An understanding of how various substances impact
GI health, hormones, and reward pathways is critical for
a comprehensive picture of the role of nutrition in SUD
recovery. Research on the potential modulation of
leptin signaling cascades via nutrition therapy during
SUD withdrawal and recovery is warranted. Hormonal
improvements toward homeostasis may be achievable
through gradual yet progressive changes in eating
behavior that promote stable blood sugar, although
there is limited data to support this approach, particu-
larly given the inevitable presence of confounding vari-
ables over time.

Restoration of nutritional status in SUD recovery
should look beyond correction of vitamin/mineral
status and body weight and should account also for
recovery of gut function and dysfunctional neurohor-
monal circuitry. Future research targeting the “gut-
brain” axis in addiction by considering the vagus nerve,
production of neurotransmitters serotonin and DA in
the gut, and the hypothalamic-pituitary-adrenal
(HPA) axis may lead to novel “psychobiotic” treatments
designed to target the “ecology within.”280 A recent
review article provides an overview of the link between

gut and brain by summarizing findings related to the
“crosstalk” between microbes and the central nervous
system function, with specific focus on anxiety and
depression.281 A recent meta-analysis found that probi-
otics were associated with a significant reduction in
depression.282 We are in the beginning stages of under-
standing how bacteria and microbes in the human gut
play a fundamental role in immune function, adaptive
stress responding, and brain function. There are studies
pointing to a meaningful influence of gut microbes on
eating behavior,283,284 as well as papers suggesting
possible biological links to EDs.281

Unfortunately, to date relatively few studies examine
the direct impact of diet on human gut health, likely
due to known difficulties controlling variables in pro-
spective nutrition research (reviewed elsewhere
Ref. 285). Most authors suggest antibiotics (in some
cases), probiotics, fermented foods, and encourage
further exploration on the role of fecal transplants.
The market is currently flooded with dietary supple-
ments from functional medicine communities, most
lacking empirical evidence. High-quality studies on
alternative approaches to healing gut function are
needed. Perhaps more importantly, we need to know
more about how common ingredients in contemporary
Western foods,286 such as processed meats, added fats,
refined grains, added sugars, artificial sweeteners, artifi-
cial colors/flavors, and emulsifiers/stabilizers, cause
dysbiosis. We also need human studies to confirm
that chronic low-fiber diets degrade the colonic mucus
barrier enhancing pathogen susceptibility287 and
impair production of SCFAs by gut microbes.288

Before a successful nutrition intervention can occur,
it is of paramount importance to heal gut function to
promote optimal nutrient absorption throughout the
GI tract. Reducing highly processed foods is a good
start. With alcohol, increased swelling of the gut can
cause decreased absorption of nutrients and increase
exposure of toxins to the liver promoting systemic
inflammation. With cocaine and MA, we have evidence
of dysbiosis, altered oral health, and oxidative stress.
With opioids, we see impaired GI function leading to
inflammatory cascades and a compromised immune
system. All intoxicating substances are associated with
suboptimal eating patterns and nutrient deficiencies.

Currently, there is no requirement for nutrition edu-
cation and counseling in SUD treatment. There have
been proposed pilot projects intended to assess nutri-
tional deficiencies associated with OUD and provide
the necessary nutrients to return the person to a more
stable state, and improve social functioning.289 Well-
designed studies are needed to substantiate the role of
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nutrition into the current paradigm for SUD treatment.
Meanwhile, anecdotal reports suggest that most treat-
ment centers allow unlimited or excessive amounts of
highly palatable foods and seldom include nutrition
education. Our research showed that in Los Angeles,
less than one-third of treatment centers offered any
nutrition services, and of those that do, less than a
quarter utilize an RDN.236a

While food restriction can lead to relapse,237 overin-
dulgence can perpetuate the cycle of addictive behavior
and contribute significantly to healthcare burden. The
best strategy appears to lie somewhere in between these
extremes, which will require clinical expertise in treat-
ment settings. To accomplish this, exposure to highly
palatable foods with addictive potential should be
monitored and high-fiber foods should be encouraged.
The focus should be on what to eat, instead of what not
to eat. Nutritional interventions should never feel puni-
tive, but rather a helpful component of the physiolog-
ical healing process. The need for commitment to
intervention protocols as well as ongoing supervision
and consultation is warranted for successful program
implementation in residential treatment facilities.

RDNs should be integrated members of the treatment
team. Specific topics for group education in SUD treat-
ment settings have been suggested elsewhere.234 A sum-
mary of information currently needed can be found in
Table 2.5.

Nutrition interventions during recovery may pro-
mote abstinence and prevent or minimize the onset of
chronic illness, improving resource allocation. A review
article from the UK on the role of healthy eating advice
as part of drug treatment in prisons sums it: “substance-
misuse is a major factor in recidivism and if this could
be reduced through improvement of nutritional status,
it could be a cost effective means of helping to tackle
this problem.”290 Ersche and colleagues state: “the
most substantial health burden arising from drug addic-
tion lies not in the direct effect of intoxication but in the
secondary effects on physical health.”93

CONCLUSION
In summary, nutrition interventions have not yet been
standardized or widely implemented as a treatment
modality for SUDs. Given the evidence reviewed herein,

TABLE 2.5
Overall Where More Information is Needed

• Optimal rate to increase fiber intake for to improve fiber tolerance
• If antioxidant supplements such as turmeric/curcumin, coenzyme Q10, alpha lipoic acid, resveratrol, and flavonoid

polyphenols are beneficial and optimal dosage
• If supplements for “leaky gut” used by functional medicine practitioners are effective and optimal dosage
• If supplements for “immune support” are effective and optimal dosage
• Which probiotic strains are best for AUD/SUD and optimal dosage
• If stool samples will soon be able to inform nutrition intervention strategies
• The role of magnesium in recovery from AUD/SUD
• How genetic testing can inform nutrition intervention strategies
• If high-dose amino acid therapies are effective and optimal dosage
• How to best treat co-occurring AUD/SUD and ED
• How to determine necessity for referring to ED treatment
• How to best treat co-occurring AUD/SUD and FA
• Best ways to address body image concerns in AUD/SUD treatment
• Best strategies to reduce nighttime eating in treatment settings
• How “mindful eating” can benefit individuals with AUD/SUD
• If long-term nutrition therapy with consistent eating patterns can impact hormones sufficient to normalize reward

processing in the brain
• Long-term nutritional implications of medications, and how to best counsel patients on it
• Best topics for group education in treatment settings
• Best practices for implementation of cooking classes and other “life skills” workshops
• Best practices for implementation of nutrition guidelines in treatment settings
• How smoking/vaping impacts taste preferences and relationship to food
• Best strategies to encourage reduction/cessation of caffeine/nicotine
• Best strategies for incorporating exercise into treatment settings
• Best ways to collect data and publish findings

AUD, alcohol use disorder; ED, eating disorder; FA, food addiction; SUD, substance use disorder.
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individual nutrition counseling, group education, and
food service improvements are likely to improve treat-
ment outcomes. Nutrition therapy should address the
most serious medical and nutrition conditions first
and then target the psychological and behavioral
aspects of eating. Cooking classes and life skills devel-
opment are important to the application of new nutri-
tion knowledge. Emphasis should be placed on
gastrointestinal health and reintroduction of foods
high in fiber and antioxidants such as fruits, vegetables,
whole grains, beans, nuts, and seeds. Adequate intake of
protein and omega-3 essential fatty acids should be
consumed daily. Regular meal patterns can help to
stabilize blood sugar. Water should replace sweetened
beverages. Caffeine and nicotine intake should be
monitored. Dietary supplements can be very helpful
in the recovery process, but should not supplant whole
foods. Once nutrition behavior has improved, use of di-
etary supplements should be reevaluated. Laboratory
tests and stool samples assessing gut function should
provide valuable insights in upcoming years. In addi-
tion to expertise with the interaction between specific
substances and nutritional status, RDNs working in
treatment settings should specialize in gastrointestinal
health, eating disorders, and should be keeping up to
date with food addiction research. There is a timely
need for specialized nutrition expertise in SUD treat-
ment settings, including outpatient clinics and “sober
living” environments. Public health campaigns and
specialized training programs targeting primary care
physicians, mental health professionals, and other
SUD treatment professionals are warranted.
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