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Abstract

Background Evidence suggests a rise in alcohol misuse after some bariatric procedures. Whether undergoing sleeve gas-
trectomy raises the risk of high-risk alcohol use is unclear.

Objective To characterize the risk of high-risk alcohol use 1 year after sleeve gastrectomy and collect preliminary data on
potential associations between disordered eating and high-risk drinking post-surgery.

Methods We interviewed 97 patients before and 1 year after sleeve gastrectomy and assessed for high-risk alcohol use via a
modified version of the Alcohol Use Disorders Identification Test-Consumption (AUDIT-C). Eating behavior was assessed
using the Three Factor Eating Questionnaire Revised-18 (TFEQ-R18).

Results The prevalence of high-risk drinking increased from 13.4% prior to surgery to 22.7% 1 year after sleeve gastrec-
tomy; 16.5% of our sample reported new high-risk drinking equivalent to an incidence of 19.0%. New high-risk drinkers
appeared more likely to report lower cognitive restraint scores and higher scores for emotional and uncontrolled eating at
baseline and had larger improvements in disordered eating scores post-surgery although these differences approached, but
did not reach, statistical significance.

Conclusion One in five non-high-risk drinkers developed new high-risk alcohol intake 1 year after sleeve gastrectomy. New
high-risk drinkers appear to have greater disordered eating at baseline and reported greater improvement in eating behavior
than those who did not develop new high-risk drinking. These results are consistent with the addiction transfer hypothesis
postulating that some patients may replace disordered eating with alcohol misuse after sleeve gastrectomy.

Keywords Sleeve gastrectomy - Metabolic surgery - Obesity - Alcohol misuse - Alcohol use - Disordered eating - Eating
behavior - Addiction transfer
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Sleeve gastrectomy now comprises over 60% of the bari-
atric surgeries performed in the USA [2]. Nevertheless, only
a few studies have examined its potential impact on alcohol
habits. A large multi-institutional study by Ibrahim et al.
showed an increase in alcohol use after sleeve gastrectomy
and identified higher educational level and higher house-
hold income as predisposing factors to this change [8]. In
contrast, a study by Coluzzi et al. [9] showed a decrease of
alcohol use 1 year after sleeve gastrectomy and attributed
it to strict nutritional follow-up after surgery. The “addic-
tion transfer” model has been implicated as one mechanism
underlying a rise in alcohol misuse after WLS in which
obese patients whose eating is driven by hedonic response
to food substitute substances such as alcohol in lieu of food
[5, 10]. However, neither study by Ibrahim’s nor Coluzzin
examined whether prior disordered eating played a role in
their findings. Other studies, however, have shown that pre-
surgical binge eating habits lead to increase in substance
use after other weight loss surgeries [4, 10, 11]. Ghrelin, an
important hormone produced in the stomach for the regula-
tion of appetite, is altered after both RYGB and sleeve gas-
trectomy and has been implicated to play a role in addiction
[12, 13].

In this context, we systematically characterized high-risk
alcohol drinking and disordered eating in patients before and
1 year after sleeve gastrectomy to collect preliminary data
on potential associations of baseline disordered eating and
changes in eating behavior after sleeve gastrectomy with
changes in alcohol intake post-surgery. Characterizing the
interrelationship of sleeve gastrectomy, high-risk drinking,
and underlying eating habits may inform medical decisions,
risk stratification, and post-op management and surveillance
of patients undergoing sleeve gastrectomy.

Methods
Study Design and Data Collection

We interviewed a cohort of patients who underwent sleeve
gastrectomy before and approximately 1 year after surgery.
Study subjects were systematically recruited from a single
academic center in Boston, Massachusetts. The center used
the prevailing National Institutes of Health (NIH) criteria
to determine eligibility for surgery namely: either a BMI of
40 kg/m? or a BMI of 35 kg/m? with a major obesity-related
comorbidity. Eligible patients were age 18 or older, English
speaking, willing and able to participate in a telephone sur-
vey, planning to undergo sleeve gastrectomy, and enrolled
prior to their surgery. Eligible patients were sent informa-
tional letters, and verbal informed consent was obtained
over the telephone. Informed consent was obtained from all
individual participants included in the study. The study was
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approved by the. institutional review board. All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Hel-
sinki declaration and its later amendments or comparable
ethical standards.

Participants underwent a 10-min telephone interview at
baseline and 1 year after undergoing WLS. These interviews
collected demographic information such as race/ethnicity,
marital status, and education and eating and alcohol intake
behaviors. Medical comorbidities were extracted from medi-
cal records by trained research staff.

Alcohol Use and High-Risk Drinking

We assessed alcohol use and high-risk drinking at base-
line and follow-up telephone interviews using a modified
version of the Alcohol Use Disorder Identification Test-
Consumption or AUDIT-C [14]. The AUDIT-C is a 3-item
questionnaire that is used to identify people who are high-
risk drinkers or who have active alcohol use disorders. The
AUDIT-C is a modified version of the validated 10-item
AUDIT [15] and performs better in identifying heavy drink-
ers and/or those with active alcohol dependence [14]. The
AUDIT-C assesses frequency of drinking over the past year,
the average amount of alcohol consumed when drinking,
and binge drinking over the past year. Our study added a
modified version of the third item to reflect binge drinking
(5 drinks or more in men, 4 or more in women) over the
past month in order to improve accuracy in reporting in the
context of a telephone interview and to be more consistent
with the definition of binge drinking set by the National
Institutes of Alcohol Abuse and Alcoholism [16]. Patients
who responded to drinking more than 1 or 2 drinks on an
average day or who had at least one instance of binge drink-
ing in the last month were then asked a modified version of
the remaining seven AUDIT items related to alcohol depend-
ency and harmful alcohol use [15, 17]. Topics related to
alcohol dependency included issues over impaired control
over drinking, noticeable increase of drinking, and morning
drinking. Topics related to harmful alcohol included feeling
guilty after drinking, blacking out, having alcohol-related
injury, and concerns about drinking by others. Scores for the
AUDIT-C range between 0 and 12. Our primary outcome
of high-risk drinking was defined as a score of >4 in men
and > 3 in women since these scores have a high sensitivity
and specificity in identifying heavy drinking and/or active
alcohol abuse or dependence.

Measures of Food Cravings and Eating Behaviors

We assessed eating behavior using the Three Factor Eat-
ing Questionnaire Revised-18 (TFEQ-R18) [18]. The



Obesity Surgery (2022) 32:593-598

595

TFEQ-R18 is an 18-item questionnaire that identifies cog-
nitive restraint, uncontrolled eating, and emotional eating;
higher scores indicate a greater display of the respective
disordered eating behavior. Raw scores were divided by the
highest possible score and multiplied by 100 to transform the
score to a 0—100 scale for each disordered eating category. A
score of 50% or higher indicate the presence of disordered
eating for the respective eating behavior. We hypothesized
that patients with higher baseline scores for uncontrolled
and especially emotional eating were more likely to report
high-risk alcohol drinking behavior after surgery. We also
hypothesized patients with greater improvements in uncon-
trolled or emotional eating would be more likely to develop
high-risk drinking after surgery.

Data Analysis

We used descriptive statistics to characterize our sample
and examine the proportion of high-risk alcohol drinkers
at baseline compared to 1 year after WLS. We used Pear-
son x2 tests to compare the proportion of new high-risk
drinkers at 1-year post-WLS relative to baseline and the

proportion of high-risk drinkers at baseline who no longer
reported high-risk drinking at follow-up. We examined base-
line demographics and eating behaviors between those who
developed high-risk drinking versus those who did not. We
also compared change in disordered eating behavior between
those who developed new high-risk drinking and those who
did not. We hypothesized that patients who exhibited dis-
ordered eating behavior at baseline (including being prone
to emotional eating or having addiction towards food) were
more likely to report high-risk drinking at follow-up and
that these latter patients would also demonstrate the greatest
improvement in disordered eating. All statistical analyses
were conducted with SAS® (SAS® Institute, Cary, USA).

Results

Of 198 patients eligible for interview, 113 completed the
baseline interview (57%), 4 did not undergo surgery, and 1
died before follow-up. Of 109 patients, 97 participants (89%)
completed the 1-year follow-up. The overall prevalence of
high-risk drinking at baseline among the 97 subjects who

Table 1 Characteristics of participants who underwent sleeve gastrectomy overall and by high-risk alcohol use at baseline

Baseline characteristic Overall (n=97) Baseline non-high-risk Baseline high-risk drink-  p value
drinkers (n=_84) ers (n=13)
Age, years, mean (sd) 452 (11.8) 45.5 (12.0) 43.3 (10.8) 0.52
Sex, female, n (%) 70 (72.2) 61 (72.6) 9 (69.2) 0.80
Race, n (%)
White 57 (59.4) 51(61.4) 6 (46.2) 0.70
Black or African American 23 (24.0) 19 (22.9) 4 (30.8)
Hispanic/Latinx 15 (15.6) 12 (14.5) 3(23.1)
Other 1(1.0) 1(1.2) 0(0.0)
BMI, kg/m2, median (q1-q3) 44.1 (41.448.1) 44.2 (41.748.1) 41.9 (40.044.6) 0.13
Education, n (%) 0.85
High school diploma or less 19 (19.6) 16 (19.0) 3(23.1)
Some college, 2-year degree 26 (26.8) 22 (26.2) 4 (30.8)
4-year college or more 52 (53.6) 46 (54.8) 6(46.2)
Comorbid conditions, n (%)
Cardiac or peripheral vascular disease 9(9.3) 9 (10.7) 0(0.0) 0.22
Gastroesophageal reflux disease, esophagitis, 36 (37.1) 31 (36.9) 5(38.5) 0.91
Barrett’s
Psychiatric or eating disorders 59 (60.8) 52 (61.9) 7 (53.8) 0.58
Liver disease, Cirrhosis 26 (26.8) 23 (27.4) 3(23.1) 0.74
Diabetes 31(32.0) 29 (34.5) 2(15.4) 0.17
Other 13 (13.4) 12 (14.3) 1(7.7) 0.52
AUDIT-C Score, mean (sd) 2.0 (1.7) 1.5(1.2) 5.1(1.2) <0.001
Cognitive restraint, mean (sd) 51.2 (17.5) 50.8 (17.3) 53.2 (19.1) 0.65
Uncontrolled eating, mean (sd) 37.5 (22.0) 379 (21.7) 349 (25.1) 0.66
Emotional eating, mean (sd) 46.7 (32.8) 48.0 (33.1) 38.5 (30.0) 0.33

Includes all participants who completed pre- and post-assessments
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underwent surgery and completed the 1-year follow-up was
13.4% (n=13). Table 1 presents the baseline characteristics
of study participants who underwent sleeve gastrectomy
overall and by high-risk alcohol use at baseline. The major-
ity of our sample was white women with a college degree or
more. Baseline high-risk alcohol drinkers had numerically
higher scores for uncontrolled and emotional eating behav-
iors, but these differences were not statistically significant.

Includes all participants who completed pre- and
post-assessments.

Figure 1 presents patients’ high-risk alcohol drinking sta-
tus before and after surgery among those who completed the
baseline and 12-month follow-up interviews. Overall, 22.7%
of the sample reported high-risk drinking at follow-up. More
than half of baseline high-risk drinkers (7 of 13) reported
resolution of their high-risk drinking, whereas 16.5% of the
overall sample or 19.0% of non-high-risk drinkers at base-
line reported new high-risk drinking. Because the COVID-
19 pandemic may have altered alcohol use, we repeated our
analyses stratifying by whether subjects completed their

Fig. 1 High-risk drinking
groups 1-year follow-up relative
to baseline in the overall sample
(a), among those who com-
pleted the follow-up interview
before (b), and after (¢) March
1, 2020 (onset of the COVID-19
pandemic)

A N=97

B N=66
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follow-up assessment before March 1, 2020; among those
who completed follow-up interviews before March 1, 2020,
7 of 56 or 12.5% non-high-risk drinkers at baseline devel-
oped new high-risk drinking (see Fig. 1b).

Table 2 presents baseline AUDIT-C and disordered eat-
ing behaviors scores according to patients’ high-risk alcohol
use status after sleeve gastrectomy. Patients who developed
new high-risk drinking appeared to be more likely to report
lower cognitive restraint scores and higher scores for emo-
tional and uncontrolled eating at baseline. New high-risk
drinkers post-sleeve gastrectomy were also more likely to
report larger improvements in disordered eating scores;
new high-risk drinkers had a 31-point reduction in scores
reflecting uncontrolled and emotional eating at follow-up,
whereas scores in patients who did not report new high-
risk drinking after surgery only improved by approximately
15 and 22 points, respectively. Of note, these differences
approached, but did not reach, statistical significance. Simi-
larly, mean change in eating scores among the 7 patients
whose high-risk drinking appears to resolve post-surgery

High Risk Drinking Groups

Non-High Risk Drinker at Baseline & F/U
New High Risk Drinker

Baseline High Risk Drinking Resolved
High Risk Drinking at Baseline & F/U

C N=22
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Table 2 Baseline, follow-up, and change in alcohol use and eating behavior scores across subgroups of participants based on change in high-risk

alcohol use status after sleeve gastrectomy

Baseline non-high-risk drinkers p value  Baseline high-risk drinkers p value
Remained Developed Persistent High-risk
Non-high-risk drinker =~ New high-risk drinking High-risk drinker  drinking
(n=68) (n=16) (n=6) resolved
(n=7)
Baseline scores
AUDIT-C Score, mean (sd) 1.3(1.2) 2.4 (0.8) 0.001 5.2 (1.6) 5.0 (0.8) 0.81
Cognitive restraint, mean (sd)  53.2 (16.9) 40.3 (15.6) 0.008 48.7 (18.8) 57.1 (20.0) 0.45
Uncontrolled eating, mean (sd) 36.0 (21.2) 45.8 (22.5) 0.10 41.4(29.9) 28.4 (19.7) 0.40
Emotional eating, mean (sd) 449 (32.1) 61.1 (35.1) 0.079 48.1 (32.7) 30.2 (27.0) 0.30
Follow-up scores
AUDIT-C score, mean (sd) 1.2 (1.1) 4.4 (0.6) <0.001 4.8 (1.0) 3.7(0.7) 0.004
Cognitive restraint, mean (sd)  61.7 (16.9) 64.0 (15.4) 0.63 50.0 (15.7) 61.1 (10.8) 0.16
Uncontrolled eating, mean (sd) 14.5 (13.7) 14.8 (11.4) 093 154 (19.2) 16.0 (17.2) 0.95
Emotional eating, mean (sd) 29.4 (27.3) 29.9 (19.3) 095 29.6 (28.7) 22.2(21.3) 0.60
Change in scores (f/u — baseline)
AUDIT-C score, mean (sd) —0.1(1.0) 2.0(0.8) <0.001 -0.3(1.0) -1.9(0.9) 0.016
Cognitive restraint, mean (sd) 8.7 (22.7) 24.8 (22.0) 0.015 1.3 (29.1) 4.0(11.3) 0.83
Uncontrolled eating, mean (sd) —21.5(17.8) —-31.0(25.7) 0.087 —259(21.2) —-12.6 (14.2) 0.26
Emotional eating, mean (sd) —15.5(31.3) —-31.3(24.1) 0.064 —18.5(26.0) —-7.9(18.9) 0.41

was numerically lower than the 6 patients whose high-risk
drinking persisted.

Discussion

Approximately one out of seven in our study who underwent
sleeve gastrectomy reported high-risk alcohol use at base-
line. More than half of these patients subsequently reported
amelioration of high-risk drinking 1 year after surgery. How-
ever, 16.5% of the overall sample or 19.0% (one in five)
of non-high-risk alcohol drinkers prior to surgery reported
new high-risk drinking at 1 year after sleeve gastrectomy.
Participants who exhibit a greater degree of disordered eat-
ing at baseline and who reported larger improvements in
disordered eating after sleeve gastrectomy appeared more
likely to develop new high-risk alcohol use, findings consist-
ent with the addiction transfer model.

Our findings are similar to those found in an earlier study
by our group [6] which examined high-risk alcohol use using
the AUDIT-C scores of those who underwent Roux-en-Y
Gastric Bypass (RYGB) and gastric banding. Of 369 sub-
jects, 14% of RYGB and 20% of gastric band participants
were high-risk drinkers at baseline. One year after surgery,
approximately 7% of RYGB and 9% of gastric band patients
developed new high-risk drinking in our earlier study. The
incidence of new high-risk drinking in our current study of
19.0% is notably higher but may be in part magnified by the
COVID-19 pandemic which has seen a marked increase in

alcohol use [19, 20]. Nevertheless, our findings differ from
the one-year results of a large multi-institutional study by
Ibrahim et al. which found a 9.6% prevalence of Alcohol Use
Disorder (AUS) prior to sleeve gastrectomy. At 1 year, this
prevalence decreased to 8.5% but increased to 14.4% at 2
years. In contrast, our study found the overall prevalence of
high-risk alcohol use increased from one in seven to one in
five after 1 year. Of note, the threshold for meeting AUD is
much higher than the threshold for meeting our outcome of
high-risk alcohol use used in our study; thus, the estimates
are not directly comparable. Nonetheless, our results show
differing patterns of alcohol use before and after surgery.

Our study extends the findings from prior work by exam-
ining the link between baseline alcohol use and eating dis-
orders and high-risk alcohol use after sleeve gastrectomy.
It is important to note that almost half of baseline high-risk
drinkers report resolution of high-risk alcohol use post-
surgery consistent with our earlier findings after RYGB and
gastric banding [6]. The paradoxical relationship between
baseline disordered eating behavior and reduction in this
behavior with the development of high-risk alcohol use gives
credence to the addiction transfer hypothesis where patients
who had high predilection for emotional or uncontrolled eat-
ing before surgery may turn to alcohol in lieu of food post-
bariatric surgery. Given the preliminary nature of our results,
future studies are needed to confirm our findings.

Our results should be interpreted in the context of the
study’s limitations primarily the small sample size and lim-
ited generalizability. Our small sample size also precluded
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our ability to conduct multivariable analyses; thus, con-
founding cannot be excluded. We were also not able to adjust
for multiple testing and there is a risk of false discovery.
In addition, our primary measures were self-reported, and
although we assured patients that their responses would not
be shared with their clinical providers, there is likely some
under-reporting of undesirable behaviors. Finally, our base-
line questionnaire elicited information about use and misuse
in the previous year and not use in the remote past. Thus,
some of our “new” cases of high-risk drinking may reflect
relapse of prior alcohol abuse behavior.

Conclusion

In summary, we found that one in five patients who were
non-high-risk alcohol users develop new high-risk drink-
ing 1 year after sleeve gastrectomy. In contrast, half of
high-risk drinkers pre-operatively report resolution of their
high-risk alcohol use. Our study also provides preliminary
evidence consistent with the addiction transfer hypothesis
where patients who exhibited greater disordered eating prior
to surgery and who reported greater improvement in eating
behavior post-surgery also appeared to be more likely to
report new high-risk alcohol use after sleeve gastrectomy.
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