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Abstract

Purpose of review: This review synthesized the literature on predictors and mechanisms of
post-bariatric alcohol problems, in order to guide future research on prevention and treatment
targets.

Recent findings: Consistent evidence suggests an elevated risk of developing problems with
alcohol following bariatric surgery. While there is a paucity of empirical data on predictors of
problematic alcohol use after bariatric surgery, being male, a younger age, smoking, regular
alcohol consumption, pre-surgical alcohol use disorder, and a lower sense of belonging have
predicted alcohol misuse post-operatively. This review synthesizes potential mechanisms including
specific bariatric surgical procedures, peptides and reinforcement/reward pathways,
pharmacokinetics, and genetic influences. Finally, potential misperceptions regarding mechanisms
are explored.

Summary:
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Certain bariatric procedures elevate the risk of alcohol misuse post-operatively. Future research
should serve to elucidate the complexities of reward signaling, genetically-mediated mechanisms,
and pharmacokinetics in relation to alcohol use across gender and developmental period by

surgery type.
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Introduction

There is now strong empirical evidence showing that individuals who undergo bariatric
surgery are at an elevated risk of developing problems with alcohol, ranging from increased
alcohol use to alcohol use disorder (AUD) [1,2:+,3-], including overrepresentation of bariatric
surgery patients in substance abuse treatment programs [4-6]. Of particular concern is that
many of these cases are new-onset cases, developing at some time after surgery [1,7]. While
there is now a robust body of empirical knowledge regarding the increased prevalence of
post-bariatric alcohol problems, knowledge gaps remain with respect to the risk factors and
etiology of these problems. This paper aims to synthesize the current knowledge regarding
predictors and mechanisms of post-bariatric alcohol problems, in order to guide future
research and clinical strategies for prevention and treatment.

Prevalence of Alcohol Misuse after Bariatric Surgery

It is difficult to synthesize this literature, as the studies vary significantly in terms of study
design and methodology, sample size, duration of follow-up, and procedure type (see Table
1 for a chronological summary of existing studies). The variation among definitions used to
operationalize alcohol problems has been particularly pronounced, including standardized,
validated measures to assess quantity/frequency of alcohol use; non-standardized self-
reported interviews or questionnaire items; validated questionnaires or interview items
assessing various diagnostic criteria as a proxy for formal AUD; and diagnostic or billing
codes or information on prescriptions for addiction medications from medical records or
registries. However, taken together, the existing studies converge to demonstrate a number of
important findings: 1) Rates of alcohol-related problems and/or AUDs increase in a subset of
patients after bariatric surgery [1,2:-,4-11-,12-15]; 2) This phenomenon is more likely to
occur after Roux-en-Y gastric bypass (RYGB) than laparoscopic adjustable gastric band
(LAGB) [1,2--,13,15]; 3) In some reports, a decrease in alcohol use and/or an improvement
or remission of alcohol problems has been observed after surgery [14]; and 4) Alcohol
problems become increasingly likely as the patient becomes more temporally distal to the
bariatric surgery procedure [1,2--,9,14].

The remainder of the review will discuss potential predictors and mechanisms, including
certain bariatric procedures, peptides/reward pathways, pharmacokinetics, and genetics, as
well as a concluding section on potential misperceptions regarding mechanisms.
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Potential Predictors and Mechanisms of Alcohol Misuse Post-Bariatric Surgery

Longitudinal Predictors—There are a number of factors that have been shown to predict
problematic alcohol use in the general population: sex and peer influence [16], other
substance use disorders [17], depression [18], and socioeconomic status [19] to name a few.
However, there is a general paucity of empirical data on predictors of problematic alcohol
use in bariatric surgery patients. To our knowledge, only two studies have specifically
addressed this topic among adults. King and colleagues [1] found that a number of variables
predicted AUD: being male, younger age, smoking, regular alcohol consumption, pre-
surgical AUD, and a lower sense of belonging. Data from the same study showed that
relatively similar variables predicted AUD seven years after surgery: male, younger age,
smoking, regular alcohol consumption, and lower social support [2:-]. Interestingly, evidence
from a recent study [9] suggested that predictors might differ as a function of the type of
surgical procedure. For example, in this cohort, greater income increased the odds of
developing AUD two years following RYGB surgery, but not following sleeve gastrectomy
(SG) surgery.

It is important to note that while male sex is a predictor of AUD in the general population
and among bariatric surgery patients, women significantly outnumber men in bariatric
surgery utilization. As such, a greater number of women than men may be struggling with
post-bariatric AUD. For example, among bariatric patients seeking substance abuse
treatment in an inpatient treatment facility, 70.4% (n=38) were women [4]. Moreover, cross-
sectional analyses with adolescent bariatric patients suggest that female sex and age were
associated significantly with alcohol use during the past year at the 24-month follow-up
assessment after surgery [20--]. Elucidating post-surgical AUD risk factors for women and
adolescents is imperative, and particularly for adolescents, given that this developmental
stage constitutes a high-risk period for onset of problematic drinking behaviors [20-].

Bariatric Procedure Type—To generate hypotheses regarding surgery-specific
predictors, it is important to understand the complex changes that occur as a function of
bariatric surgeries. One area to examine is the differing impacts of the various bariatric
procedures. Although the exact mechanisms are unknown, the effects of some bariatric
procedures appear to be purely anatomical in nature and might induce significant weight-
loss without significantly altering metabolic pathways. Other, more “metabolically-active”
procedures alter the anatomy of the gastrointestinal tract in ways that alter certain
physiological parameters, many of which interact with the brain [21]. This has led to a
conceptualization of these procedures as metabolic bariatric surgeries (MBS). In general,
with these procedures, one sees a decrease in orexigenic and increase in anorexigenic
hormones, so physical hunger is dampened despite ongoing weight loss (the opposite of
what is seen in non-surgically-induced weight loss [22]). Some of these hormones include
ghrelin, leptin, glucagon-like peptide 1 (GLP-1), gastric inhibitory polypeptide (GIP) and
peptide YY (PYY). Hormones involved in energy regulation typically have multiple
functions. For instance, ghrelin stimulates appetite, leptin decreases appetite, GLP-1
increases satiety by slowing emptying of the stomach, GIP slows gastrointestinal motility
and increases insulin secretion, and PY'Y both reduces appetite and slows gastric emptying
[23]. However, these hormones also fulfill other functions, some of which may be related to
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post-bariatric alcohol problems. In addition to hormone changes, there are also alterations in
the secretion of bile acids.

RYGB.—The RYGB has long been a “gold standard” intervention for patients with severe
obesity. The RYGB has multiple mechanisms, including food restriction due to the small
gastric pouch. More importantly, bypassing the proximal small intestine and passing food
directly into the distal intestine causes a more rapid release of gut hormones that slow the
passage of nutrients, decrease hunger, and increase satiety [24]. In the first year after RYGB,
ghrelin decreases in most patients [25], decreasing hunger. At the same time, GLP-1 and
PYY increase, causing enhanced and earlier satiety. In the longer term, ghrelin may increase
[26], since the bypassed portion of the stomach remains intact, and this may lead to weight
regain.

SG.—In the past several years, the SG has become the most commonly-performed MBS
[27]. With SG, 70-80% of the outer portion of the stomach is removed from the body,
leaving a narrow gastric tube. The SG does promote some restriction in intake, but also
involves metabolic mechanisms of action, including increases in PYY and GLP-1,
enhancing satiety. It also promotes a durable decrease in ghrelin levels due to resection of
the cell mass responsible for its secretion [28].

The metabolic changes that result from the anatomical alterations and decreased food intake
associated with RYGB and SG are also associated with changes in brain reward centers,
possibly predisposing certain patients towards AUDs.

Peptides and Reinforcement/Reward Pathways—The gastrointestinal feeding
peptide, ghrelin, targets the ghrelin-1a receptor (GHSR) in the central nervous system to
stimulate alcohol intake and alcohol-reinforced behaviors. Preclinical studies indicate that
RYGB regulates alcohol intake in laboratory rodents [29-32]. Pharmacologic studies
suggest that surgically-induced alterations in ghrelin signaling may contribute to changes in
alcohol intake after RYGB [29, 30,32]. Moreover, altered ghrelin signaling may be a key to
the link between surgery-induced reductions of appetite, a key feature of the RYGB
procedure [24], and new onset alcohol consumption.

Multiple reports have demonstrated that RYGB promotes new onset alcohol intake in
rodents with low baseline intake prior to surgery [29-32-]. Davis and colleagues [29]
documented reduced plasma ghrelin levels in Long Evans RYGB rats that display elevated
alcohol consumption after surgery. These data suggest that gastric ghrelin secretion does not
likely regulate new onset alcohol intake, as plasma levels of ghrelin were reduced in RYGB
rats that drank more after surgery. Data from the Hajnal group [33] reported that RYGB
promoted increased alcohol intake in Sprague Dawley rats and that systemic treatment with
a GHSR antagonist attenuated this effect [30]. This finding suggests that, independent of
gastric ghrelin secretion, increases in GHSR activity may be involved in new onset alcohol
intake after RYGB. More recent work by Jerlhag and colleagues [34] indicates that GHSR
activity, but not gastric ghrelin secretion, regulates alcohol intake in rodents genetically
predisposed to consume alcohol. These findings taken together suggest that GHSR activity
may alter alcohol intake secondary to RYGB.
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In 2017 Sirohi et al., reported that Long Evans rats display increased preference for low
concentration alcohol solutions following RYGB [32--]. The group also reported that RYGB
surgery facilitated the transition to alcohol dependence relative to sham controls in this strain
of rodent. Furthermore, it was demonstrated that GHSR activity stimulated tonic dopamine
firing in dopaminergic neurons in the ventral tegmental area (VTA). Importantly, antagonists
that inhibit GHSR dopamine firing in control rats had no effect in RYGB rats behaviorally
characterized by increased alcohol preference and facilitation to alcohol dependence.
Moreover, RYGB rats that were behaviorally characterized for increased alcohol intake,
alcohol preference and facilitation to alcohol dependence also displayed attenuated hedonic
intake of palatable food. It was suggested that the reductions in gastric ghrelin secretion and
subsequent malfunctions of GHSR signaling that are primarily involved in appetite reduction
after RYGB may also indirectly stimulate new onset alcohol intake.

The finding that RYGB reduces GHSR control of tonic dopamine firing suggests that
decreased plasma ghrelin levels after surgery may influence central GHSR activity in CNS
reward regions. This finding becomes relevant when considering new evidence that indicates
that ligand-independent GHSR activity (i.e., activity without ghrelin binding) regulates
alcohol intake [34] and appetite [35]. For example, because alcohol directly activates CNS
reward regions on its own, new onset alcohol intake may derive from a behavioral adaptation
aimed at stimulating dopamine secretion once palatable food (i.e., GHSR signaling) is no
longer performing this function. Alternatively, enhanced GHSR signaling, which has been
demonstrated after RYGB [30], may also contribute to increased alcohol intake after surgery.
More studies are needed to understand the complexities of GHSR signaling and adaptations
to this process following surgeries that anatomically alter the gut.

Pharmacokinetics—Understanding of how different MBS procedures may affect the
pharmacokinetics of alcohol is also important because it is well established that alterations
in how quickly a substance of abuse reaches the brain can increase or decrease its addiction
potential [36-37]. For instance, drugs that are smoked or delivered intravenously reach the
brain faster and have a higher addiction potential than drugs delivered through routes such as
oral or subcutaneous delivery, which take longer to reach the systemic circulation and
central nervous system [36-37].

RYGB Pharmacokinetics.—In 2002, before the association between RYGB and
increased risk of AUD was established, Klockoff and collaborators showed that blood
alcohol concentrations (BAC) peaked faster (within five minutes after ingestion of the full
alcohol dose), and about 28% higher in women who underwent RYGB than in a non-
operated age- and sex- matched control group [38]. Consistent with these findings, more
recent studies that estimated BAC from breath (BrAC) also show that despite drinking the
same amount of alcohol, post-RYGB patients reach higher BrACs than non-operated control
subjects [39] or than they themselves had before surgery [40]. Further, by measuring BAC at
earlier time-points, Steffen and collaborators [41] showed that the effects of RYGB on peak
BAC could be even more dramatic than previously thought. For example, one of the five
participants they evaluated reached a peak BAC 2 minutes after ingesting the full dose of
alcohol [41].
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Notably, all above studies that measured BAC used venous blood samples; however, during
the absorption phase, BAC is always higher in arteries than in veins [42-43], suggesting that
the existing studies may be underestimating the full impact of RYGB on alcohol absorption.
Pepino and collaborators (2015) measured BAC in arterialized blood samples and found that
RYGB increased peak BAC by ~50% [44--]. Taken together, the above findings suggest that
the rate of delivery of ingested alcohol into the systemic circulation after RYGB resembles
that of intravenous alcohol administration. Notably, such fast delivery of alcohol reduces
gastric alcohol-first pass metabolism and increases alcohol bioavailability. Following RYGB,
patients could be inadvertently engaging in binge drinking, a known risk factor for
developing AUD, even when consuming just 1-2 drinks.

SG Pharmacokinetics.—In contrast to the findings described above for RYGB, findings
on the effects of SG on alcohol pharmacokinetics have been less consistent. While two
studies found SG did not change BAC [45-46], studies from two other laboratories found
that SG, similar to RYGB, increased peak BAC after drinking alcohol [47,48:-]. A major
difference between study methods is related to the fact that three of these studies, including
the two that found no effects of SG on peak BAC, used a breathalyzer to estimate BAC [45-
47], and only one study directly measured BAC [48:]. The study of Acevedo and
collaborators, which measured arterialized venous BAC, showed that, similar to that
described above for RYGB, SG was associated with faster and higher peak BAC [48-].
Importantly, by comparing BrAC and BAC simultaneously taken in the same participants,
these authors found that the breathalyzer underestimated BAC by 27% and, because the
breathalyzer cannot be used until 15 minutes after consuming the full alcohol dose to yield a
valid breath sample, it missed peak BACs achieved after SG. These data highlight
limitations of using a breathalyzer when examining pharmacokinetics after gastric surgery
[48-].

LAGB Pharmacokinetics.—We are aware of only one published study on the potential
effects of LAGB on alcohol pharmacokinetics. While assessing the effects of SG,
Changchien and collaborators also evaluated BrAC achieved in participants before, 3 months
and 6 months after undergoing LAGB [45]. They found that LAGB did not change peak
BrAC or time to reach peak BrAC at 3 or 6 months postoperatively. Although these findings
are consistent with what one would expect based on the much smaller effect of LAGB on the
anatomy of the gastrointestinal tract compared to RYGB or SG, it would be important to
corroborate these findings with studies that directly measure BAC.

Genetics—There are substantial genetic influences on the development of both obesity and
AUD, and increased risk of AUD after bariatric surgery suggests a common set of genetic
and environmental factors that are common to AUD and obesity. In general, genetic
association studies of alcohol use highlight the importance of genes related to alcohol or its
intermediate metabolism (ADH, ADH1B, ADH1C, and ALDH2) and neurotransmission
pathways thought to be involved in reward processing including dopaminergic, serotonergic,
GABAergic and glutamatergic pathways [49]. Some of these genes may also be related in
one way or another to obesity. For instance, Winnier and colleagues recently showed an
inverse relationship between the expression of ADH1B, that encoded for a member of the
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alcohol dehydrogenase family, in adipocytes and various measures of obesity, suggesting its
role in enhancing energy mobilization [50]. Decreased alcohol dehydrogenase activity in
obesity may be associated with both decreased ethanol oxidation and reduced energy
mobilization [50].

Several studies suggest the influence of disturbances in neurotransmission pathways within
the reward processing on low brain dopamine activity predisposing subjects to both AUD
and overeating, and subsequent obesity [51-53]. For example, data indicate that the
dopamine receptor D2, encoded by the DRD2 shows reduced activity in persons with AUD
and that the TagAl D2R variant, which is associated with reduced DRD?2 activity, may be
more prevalent among persons with obesity, especially in those with comorbid substance use
disorder [54]. Another example concerns serotonergic pathway variations [55-56]. The 5-
HTTLPR (serotonin-transporter-linked polymorphic region) is a degenerate repeat
polymorphic region in SLC6A4, the gene that codes for the serotonin transporter. This
variant is associated with the ability to control food intake and to modulate weight loss
outcomes of behavioral/dietary treatment for obesity [49]. It has also been associated with
AUD risk and differential treatment response. Additionally, a study using positron emission
tomography suggests the role of epigenetic mechanisms, rather than 5-HTTLPR variation
alone, on the in vivo serotonin availability in regions having a critical role in reward
processing in individuals with obesity [57]. Data on glutamatergic pathways are more rare
but significant [58-59].

Additionally, recent studies on alcohol exposure and subsequent changes in gene expression
suggest the importance of epigenetic mechanisms in the neurobiology of AUDs. In
particular, histone modifications and DNA methylation have emerged as important
regulators of gene expression and associated phenotypes [60-61]. It is known that epigenetic
signatures also influence both obesity phenotype and weight loss outcomes following
bariatric surgery [62], which may provide clues to a connection with post-bariatic alcohol
problems. In addition, changes in methylation may themselves contribute to metabolic
improvements after bariatric surgery, by restoring methylation and gene expression levels in
some genes that have been found to be altered in obesity [63::,64—-65]. However, it remains
to be determined whether the post-surgical metabolic context may itself lead to changes in
gene expression that favors AUDs through epigenetic mechanisms.

Potential Misperceptions Regarding Mechanisms

As reports of alcohol problems after MBS proliferate in both the empirical literature and the
lay media, a number of hypotheses have been proposed to explain the etiology of these
problems. We have discussed several potential causal models based on current empirical
findings, but it is also informative to review some of the explanatory hypotheses that have
been proposed but which are not supported by, or are even contradicted by, our empirical
knowledge base.

In the lay media, and in some scientific writing as well, a frequently-posited idea is the
“addiction transfer” or “cross addiction” hypothesis, which posits that the individuals
developing problems with alcohol after bariatric surgery are people who, before surgery, had
a pre-existing “addiction” to food, which was “transferred” to alcohol after surgery [66—67].
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In addition to the fact that the construct of “food addiction” has yet to be fully scientifically
validated [68], there are a number of other problems with this model. One clear argument
against the “addiction transfer” hypothesis is failure of several studies to demonstrate a
relationship between “food addiction” and/or binge eating before surgery and problems with
alcohol after surgery [1,12,69].

Additionally, long-term studies of alcohol problems after MBS provide convergent evidence
that these problems tend to develop after a relatively long latency following surgery —
typically about one to two years after surgery [1,2-- ], and some evidence suggests that the
risk for onset of such problems continues to increase, rather than decrease, over many years
following surgery [2--,13]. If patients were experiencing a need to replace food and eating
with some other type of substance or behavior, we would expect this need to be most acute
within the early months after surgery, when patients are most limited in their intake capacity
and their tolerance for highly palatable foods. In fact, by 1-2 years following MBS, most
patients find that they are able to eat considerably larger quantities, and a wider variety, of
foods [70] and a need to fulfill unmet eating-related needs would be less, rather than more,
intense at this timepoint.

Findings that the risk for post-MBS alcohol problems vary by type of procedure (as noted
above) also argue against the “addiction transfer” hypothesis. If the impetus behind
“transferring” one’s addictive behaviors from eating to a substance like alcohol is that
surgery impedes an individual’s ability to overeat, and/or because patients are purposefully
changing their eating after surgery, then we would expect all MBS procedures to promote an
equal risk for alcohol problems. Rather, the finding that risk varies by procedure strongly
points to physiological/metabolic factors (as discussed above) as primary contributors to
post-bariatric alcohol problems. It is notable that new-onset alcohol problems have also been
observed in individuals who have undergone prophylactic total gastrectomy due to familial
risk for gastric cancer [71-73]. This is not a population characterized as having obesity or
engaging in overeating or “food addiction”, which weakens the “addiction transfer” model.

Further evidence contradicting the “addiction transfer” hypothesis may be found in the
research demonstrating an increased proclivity to consume alcohol after RYGB in rodents —
a phenomenon unlikely to be related to the concept of “addiction” as it is applied to humans.
Further weakening the “addiction transfer” hypothesis, this increased proclivity to consume
alcohol is seen in rodents who were not previously maintained on highly-palatable diets or
fed in a “binge”-type paradigm (which would serve as a preclinical parallel to the construct
of “food addiction” in humans).

A different explanatory model, which focuses on social/environmental etiological factors,
posits that problems with alcohol develop after MBS because as individuals lose significant
weight, become more mobile, and develop increased energy and social confidence, their
frequency of socialization increases, increasing exposure to situations in which alcohol is
consumed. However, evidence presented in the previous several paragraphs (increased risk
of alcohol problems after prophylactic gastrectomy in patients who did not have obesity
before surgery, differential risk for alcohol problems among different bariatric surgical
procedures, evidence that MBS alters alcohol intake and reward in rodents), are all
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inconsistent with a model in which increased risk for alcohol problems after MBS is related
to increased frequency of socialization in contexts where alcohol is available.

Conclusions and Future Directions

Taken together, there is a growing body of evidence that after certain types of MBS, patients
can develop de novo alcohol or other substance use disorders or may relapse after a period of
abstinence. Several mechanisms, including surgical- and non-surgical-specific factors, likely
interact to increase the risk of AUD development following MBS. Based on the current
review of the literature, we offer the following preliminary model of mechanisms related to
AUD development following MBS (Figure 1).

Preliminary data suggest that male, younger age, smoking, regular alcohol consumption,
pre-surgical AUD, and a lower sense of belonging predicted AUD following bariatric
surgery. In addition, the decreased capacity for solid food intake, as well as the hormonal
changes seen after metabolic operations, can likely explain some of the changes noted in the
reward centers of the brain after surgery; however, there are a number of important,
unanswered questions in this literature. First, the literature regarding SG is limited at this
point [9]. Second, although the problem of alcohol misuse after bariatric surgery now seems
well established, the process of the development of this complication remains largely
unstudied, although the risk appears to remain substantial for many years after surgery.
Third, of particular importance remains the need to identify patients at risk for such
problems, ideally before surgery, and the need to identify whether patients with post-surgical
AUDs have unique treatment needs. Fourth, we need to better understand potential
differential predictors of AUD by surgical type, sex, developmental period, and new-onset
versus continued use. Finally, more studies are needed to understand the complexities of
GHSR signaling and adaptations to this process following surgeries that reconstruct the gut
as well as genetically-mediated mechanisms, including the contribution of epigenetic
regulation after bariatric surgery.

Notably, data suggest that both RYGB and SG, but not LAGB, dramatically affect alcohol
pharmacokinetics. Therefore, patients who will undergo or have undergone RYGB or SG
should be aware of these important changes in alcohol pharmacokinetics to avoid potential
serious consequences of moderate alcohol consumption. It seems important to mention that
most of the data have been collected in women. Although the effects of these surgeries on
alcohol absorption most likely will apply to men, it would be important that future studies
include men given some known sex-specific differences in alcohol pharmacokinetics. In
addition, we are not aware of any published data on changes in alcohol pharmacokinetics of
rodent models of metabolic surgeries; future research in this area is warranted.
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Figure 1.
Preliminary model of potential mechanisms underlying AUD risk after MBS
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Table 1.

Descriptive summary of studies on alcohol use after bariatric surgery

Author (s) N Surgery F/U % ETOH Misuse, Abuse, or Dependence
Mitchell et al. 2001 78 RYGB 13-15 Years 7.8%
Buffington et al. 2007 318 Variable Variable 28.4%
Ertelt et al. 2008 70 RYGB 6-10 Years 10.0%
Welch et al. 2011 75 RYGB 2-3 Years 1.3%
Suzuki et al. 2012 23/28 RYGB/LAGB 31-59 Month 21.4%/0.0%
Svensson et al. 2013 164/135 RYGB/Bands 10/15 Years % Not Indicated
Conason et al. 2013 100/55  RYGB/Bands 24 Months % Not Indicated
Wee et al. 2014 328 RYGB/LAGB/SG 2 Years 13% combined
Alfonsson et al. 2014 129 RYGB 1 Year 2.3%
Ivezaj et al. 2014 143 RYGB Mean 2.7 Years 19.6%
Burgos et al. 2015 277 RYGB/LAGB 2 Years 9.4% combined
King et al. 2017 752/250 RYGB/LAGB 7 Years 16.4%/----
Spadola et al. 2017 69 RYGB/LAGB/SG  5-55 Months 14.5% combined
Coluzzi et al. 2018 142 LAGB 1 Year 2.1%
Ibrahim et al. 2019 5724 RYGB/SG 2 Year 11.9%/14.4%
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