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Abstract
Background: The hypothesis of “cross-addiction” has never been validated, and numerous 
aspects speak against it. Objectives: To compare the differences between sleeve gastrectomy 
(SG) and gastric bypass (GB) procedures concerning cross-addiction. Setting: Center for max-
imum care in Germany. Methods: We performed a prospective analysis of patients undergo-
ing SG or GB as the first surgical treatment for severe obesity. All patients completed vali-
dated questionnaires to evaluate food intake (Yale Food Addiction Scale, YFAS), alcohol intake 
(Alcohol Use Disorders Identification Test), nicotine use (Fagerstrom Test for Nicotine Depen-
dence), exercise (Exercise Addiction Inventory), drug addiction (20-item Drug Abuse Screen-
ing Test), and Internet use disorder (Internet Addiction Test) before the operation (T0) and 6 
(T6) and 24 (T24) months postoperatively (ClinicalTrials.gov identifier: NCT02757716). Results: 
One hundred thirteen patients underwent SG (n = 68) or GB (n = 45). At the follow-up, 61% 
completed the questionnaires at T6 and 44% at T24. In the YFAS, the percentage of patients 
diagnosed with food addiction decreased from 69 to 10%, and the mean symptom count de-
creased from 3.52 ± 1.95 to 1.26 ± 0.99 at T24 (p < 0.0001); these values did not differ between 
the surgical groups (p = 0.784). No significant evidence of cross-addiction was observed for 
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use of alcohol, nicotine, drugs, the Internet, or exercise in either surgical group. The percent-
age of patients with moderate nicotine dependence increased in the SG group (+8.9%) at T24, 
but this was not significant. Conclusion: In this single-center cohort study, surgery for obe-
sity caused significant addiction remission regarding food but without inducing cross-addic-
tion after 2 years. Importantly, no significant differences were seen between the SG and GB 
procedures. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Surgery for obesity and metabolic disorders can cause addiction remission regarding 
food and symptoms of addiction-like eating, as assessed using the Yale Food Addiction Scale 
(YFAS), and the risk of addiction remission has been shown to decrease following surgery [1, 
2]. On the other hand, alcohol use disorders (AUDs) [3] and new-onset opioid use [4] are 
described as potential long-term complications after surgery that might be involved in cross-
addiction over the long term. The hypothesis of “cross-addiction” or “addiction transfer” 
posits that patients who develop a de novo substance use disorder are those who had a preex-
isting “addiction” to food before surgery, which was “transferred” to another substance after 
surgery [4, 5]. Evidence suggests that the rate of AUDs increases in a subset of patients after 
bariatric surgery [5] and that this phenomenon is more likely to occur after Roux-en-Y gastric 
bypass (RYGB) than after gastric banding [6]. The hypothesis of addiction transfer has never 
been validated, and recently several issues even speak against it. It seems that the risk of 
alcohol problems after bariatric surgery varies according to the type of procedure, which 
argues against the addiction transfer hypothesis. For example, Ivezaj et al. [7] noted that “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 metabolic bariatric 
surgeries to promote an equal risk for alcohol problems.”

The microbiota-gut-brain axis plays a fundamental role in obesity and food addiction. 
Intestinal microorganisms convert dietary nutrients and induce the production of gut 
hormones, such as glucagon-like peptide 1, peptide YY, and cholecystokinin, which have 
different peripheral and central effects on the arcuate nucleus of the hypothalamus, where 
appetite and energy balance are regulated [8]. The gut hormones interact with the energy 
homeostatic system of the hypothalamus and convey information directly into the brain’s 
reward pathways via vagal stimulation or indirectly through immune-endocrine mechanisms 
to affect the dopamine reward pathway in the ventral tegmental area, nucleus accumbens, 
and ventral pallidum [9]. In addition to food, opiates, alcohol, and nicotine also interact with 
dopamine and opioid neurons, and these interactions can interfere in the pathophysiology of 
addiction [10]. Obesity and metabolic surgery can change gut hormones, bile acids, and the 
gut microbiota, and the adaptations of gut physiology to surgery seem to differ between 
sleeve gastrectomy (SG) and gastric bypass (GB) [11].

Considering the importance of addiction remission regarding food and possible cross-
addiction in the postoperative setting, the aim of this prospective study was to evaluate the 
prevalence of addiction (to food, alcohol, nicotine, exercise, and Internet use) in a group of 
patients before undergoing GB or SG and at 6 and 24 months after surgery, to compare the 
prevalence of cross-addiction between groups, and to identify possible predictors of the risk 
of cross-addiction.
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Materials and Methods

We performed a prospective observational study using validated questionnaires to assess the changes 
in addiction after surgery for obesity and metabolic disorders at our institution. All patients who were 
admitted to receive their first surgical procedure, SG, RYGB, or one-anastomosis gastric bypass (OAGB), 
between April 2016 and November 2016 were recruited to participate. The eligibility criteria were a body 
mass index (BMI) ≥35 and at least one metabolic disease or a BMI ≥40, male or female adult patients, and a 
signed agreement to participate in the study.

Addiction was evaluated using validated questionnaires. All patients were given self-report questionnaires 
for investigating the following addictions or disorders: food addiction (YFAS); alcohol addiction (Alcohol Use 
Disorders Identification Test, AUDIT); nicotine addiction (Fagerstrom Test for Nicotine Dependence, FTND); 
exercise addiction (Exercise Addiction Inventory, EAI); Internet use disorder test (IAT); and drug addiction 
(Drug Abuse Screening Test, DAST-20). The questionnaires were completed 1 day before surgery (T0) and at 6 
(T6) and 24 (T24) months of follow-up (FU). The patients’ data were obtained from the medical report and 
included sex, age, height (cm), weight (kg), BMI (weight per height squared), Edmonton Obesity Staging System 
(EOSS) classification [12], and excess weight loss and total body weight loss (both expressed as a percentage).

All surgeries were performed at our institution, a high-volume certified center of excellence for obesity 
and metabolic surgery accredited by the European Accreditation Council for Bariatric Surgery. The surgical 
techniques for SG, RYGB, and OAGB have been described elsewhere [12]. The primary outcome measure was 
the change in addiction (addiction remission) regarding food. The secondary outcome measures were the 
changes in addiction regarding the use of alcohol, nicotine, the Internet, drugs, and exercise (to examine 
cross-addiction/addiction transfer) and weight loss, expressed as percent excessive weight loss and percent 
total weight loss.

Yale Food Addiction Scale 1.0
The YFAS is a 25-item instrument that measures symptoms of food addiction. It includes different scoring 

options (dichotomous and continuous scoring) to identify the experience of addictive eating behavior within 
the past 12 months. The range of food addiction symptoms is 0–7. Food addiction is diagnosed as the presence 
of ≥3 symptoms and a clinically significant impairment or distress (as assessed with two extra items) [13].

Alcohol Use Disorders Identification Test
The AUDIT is a 10-item instrument developed by the World Health Organization to assess alcohol use 

and alcohol-related consequences. A total score (range: 0–40) is calculated using all 10 items, and a higher 
score reflects a greater severity of AUD. Participants were categorized as having AUD symptoms if their total 
AUDIT score was ≥8 [14].

Fagerstrom Test for Nicotine Dependence
The FTND is a 6-item instrument to assess nicotine dependence that is graded on a 0–10 scale. A score 

of ≥5 and < 8 was used to define moderate nicotine dependence, and a cutoff ≥8 was defined as strong 
nicotine dependence [15].

Exercise Addiction Inventory
The EAI is a 6-item instrument to assess exercise addiction and is graded on a 1–5 response scale with 

a total range of 6–30. Higher scores indicate increased severity of symptoms. A score ≥13 indicates a symp-
tomatic individual, and a score ≥24 indicates a person at risk of exercise addiction [16].

Internet Addiction Test
The IAT is a 20-item self-report scale that rates the degree of compulsive use, loss of control, negative 

consequences, and neglect in everyday life, and is rated on a 20–80 scale. Respondents with a score of 40–69 
were classified as “addicted,” and those with a score > 69 were classified as “possibly addicted” [17].

Drug Abuse Screening Test
The DAST-20 is a 20-item instrument that measures drug abuse and is scored 0–20. The phrase “drug 

abuse” includes any overtreatment involving medical drugs, such as pain killers, and nonmedical drug use, 
including illegal drugs. This includes substances such as marijuana, valium, cocaine, amphetamines, LSD, and 
heroin. A score ≥11 indicates a high dependence [18].
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Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics for Windows (version 21.0; IBM Corp., 

Armonk, NY, USA). All variables were checked for a normal distribution. Continuous variables are expressed 
as mean ± standard deviation (SD) and categorical data as percentages. Repeated-measures analysis of 
variance (ANOVA) and post hoc Bonferroni tests were used to identify significant differences from before to 
after the operation. For comparisons between the groups, a 2 × 3 mixed 2-factor repeated-measures ANOVA 
was used. The dependent variable was the change in scores in the different questionnaires, the within-
subjects factor was time (T0, T6, T24), and the between-subjects factor was surgical procedure (SG, GB). An 
interaction effect was calculated for each group. Intergroup differences were tested using a 2-sample t test 
for normally distributed data, and between-group differences in categorical variables were evaluated using 
χ2 tests. A p value < 0.05 was considered to be significant.

The study was conducted in accordance with the principles of the Declaration of Helsinki. Ethical 
approval was obtained from the local ethics committee (Landesärztekammer Hessen, Germany, reference 
No. FF 146/2015), and all participants provided written informed consent for data sharing. The National 
Clinical Trials No. was NCT02757716 (https://clinicaltrials.gov/ct2/show/ NCT02757716).

Results

Baseline Characteristics
One hundred twenty patients were enrolled in this prospective study. A total of 113 

patients fulfilled the study criteria. Seven patients were excluded because of a lack of consent 
or the surgical procedure was not performed. Before the operation, 113 patients completed 
the questionnaires evaluating food addiction (YFAS), alcohol addiction (AUDIT), nicotine 
addiction (FTND), exercise addiction (EAI), Internet addiction (IAT), and drug addiction 
(DAST-20). Sixty-nine (61%) and 50 (44%) patients completed questionnaires at T6 and T24, 
respectively. The baseline characteristics are listed in Table 1.

Seventy-seven (68%) of the participants were women. Most patients were classified as EOSS 
grade 2 (73.6%). Sixty-eight patients underwent SG (60%) and 45 patients (40%) underwent 
gastric bypass (RYGB n = 22 or OAGB n = 23) as the primary treatment for severe obesity. 

Mean ± SD Minimum Maximum

Age, years 44.2±9.9 18 71
Weight, kg 146.5±31.2 87 255.7
BMI

All (n = 113) 51.7±9.8 35 84.6
SG (n = 68) 51±8.6 37.2 84.6
RYGB (n = 22) 44.2±4.5 35 48.4
OAGB (n = 23) 59.8±10.3 45.1 81.8

TBWL, % at 24 months FU
All (n = 50) 32±13.4 5.69 58.7
SG (n = 27) 31.7±10.2 13.4 48.3
RYGB (n = 11) 26.7±16.1 5.69 50.3
OAGB (n = 12) 37.9±11.8 13.6 58.5

EBMIL, % at 24 months FU
All (n = 50) 66.9±26.3 11.3 124.4
SG (n = 27) 67±23.1 26.8 124.4
RYGB (n = 11) 59.5±37.7 11.3 116.8
OAGB (n = 12) 74.9±2 49.7 107.2

SD, standard deviation; BMI, body mass index; TBWL, total body weight 
loss; EBMIL, excess BMI loss; SG, sleeve gastrectomy, RYGB, Roux-en-Y 
gastric bypass; OAGB, one-anastomosis gastric bypass.

Table 1. Baseline demographic 
data: all patients (n = 113)
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Table 2 summarizes the scores (with SD and range) and p values for all questionnaires 
and the prevalence of addiction based on the questionnaire cutoffs for the entire group and 
the SG and GB groups. Before surgery, 69% of the patients (n = 78) met the YFAS threshold 
for food addiction: 1.8% (n = 2) for AUD, 7.1% (n = 8) for nicotine use disorder, 0% for exercise 
addiction, 1.8% (n = 2) for Internet use disorder, and 0% for drug abuse.

Table 2. Mean symptom scores and addiction cutoff of for the 6 questionnaires analyzing food addiction, alcohol addiction, 
nicotine addiction, exercise addiction, Internet addiction, and drug addiction in the whole study group (T0 n = 113, T6 n = 69, 
T24 n= 50) and in the subgroups sleeve gastrectomy (SG) (T0 n = 68, T6 n = 43, T24 n = 27) and gastric bypass (GB) (T0 n = 45, 
T6 n = 27, T24 n = 23)

Proce-
dure

T0 
(n = 113)

T6
(n = 69)

T24
(n = 50)

p time, p group, 
p interaction time× 
group

Yale Food 
Addiction Scale

All 3.52±1.95 (0–7) 1.97±1.54 (0–7) 1.26±0.99 (0–6) p time <0.0001
p group = 0.784
p interaction time× 
group = 0.326

SG 3.51±1.9 (1–7) 2.21±1.64 (0–7) 1.11±0.75 (0–3)
GB 3.53±2.03 (0–7) 1.59±1.31 (0–5) 1.43±1.2 (0–6)

Food addiction score ≥3 All 78 (69%) 21 (30.4%) 5 (10%)
SG 46 (67.6%) 16 (37.2%) 2 (7.4%)
GB 31 (68.9%) 5 (18.5%) 3 (13%)

AUDIT All 1.81±1.8 (0–13) 1.74±2.72 (0–14) 1.08±2.01 (0–11) p time = 0.067
p group = 0.288
p interaction time× 
group = 0.055

SG 1.93±2.39 (0–13) 2.4±3.22 (0–14) 0.96±1.4 (0–4)
GB 1.64±2.04 (0–8) 0.7±1.07 (0–4) 1.22±2.58 (0–11)

Alcohol addiction score ≥8 All 2 (1.8%) 4 (5.8%) 1 (2%)
SG 1 (1.5%) 4 (9.3%) 0
GB 1 (2.2%) 0 1 (4.3%)

Fagerström Test for Nicotine 
Dependence

All 0.81±1.89 (0–8) 1.06±2.06 (0–8) 1.2±2.18 (0–9) p time = 0.205
p group = 0.229
p interaction time× 
group = 0.352

SG 0.67±1.72 (0–8) 1±1.98 (0–7) 1.26±2.49 (0–9)
GB 1.02±1.9 (0–6) 1.15±2.21 (0–8) 1.13±1.79 (0–5)

Nicotine addiction score ≥5 All 8 (7.1%) 7 (10.1%) 6 (12%)
SG 4 (5.9%) 4 (9.3%) 4 (14.8%)
GB 4 (8.9%) 3 (11.1%) 2 (8.7%)

Sport addiction test All 9.65±2.19 (9–18) 10.3±2.73 (9–27) 9.98±1.78 (9–15) p time = 0.175
p group = 0.994
p interaction time× 
group = 0.459

SG 9.97±1.93 (9–18) 10.4±3.14 (9–27) 10±2 (9–15)
GB 9.62±1.37 (9–16) 10.15±1.96 (9–18) 9.96±1.58 (9–14)

Sport addiction score ≥24 All 0 1 (1.4%) 0
SG 0 1 (2.3%) 0
GB 0 0 0

IAT All 25.89±8.43 (20–73) 24.57±7.44 (20–51) 24.26±7.96 (20–60) p time = 0.545
p group = 0.396
p interaction time× 
group = 0.993

SG 26.07±7.94 (20–56) 24.79±7.8 (20–51) 23.22±5.83 (20–46)
GB 25.62±9.22 (20–73) 24.22±6.96 (20–44) 25.48±9.91 (20–60)

Internet addiction score ≥69 All 2 (1.8%) 1 (1.4%) 1 (2%)
SG 1 (1.5%) 1 (2.3%) 0 (3.7%)
GB 1 (2.2%) 0 1 (4.3%)

Drug use questionnaire All 1.89±1.52 (0–8) 0.96±1.65 (0–10) 0.44±1.97 (0–4) p time = 0.368
p group = 0.114
p interaction time× 
group = 0.913

SG 1.08±1.65 (0–8) 1.07±1.76 (0–10) 0.57±1.16 (0–4)
GB 0.73±1.27 (0–5) 0.78±1.48 (0–7) 0.28±0.67 (0–2)

Drug addiction score ≥11 All 0 0 0
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Food Addiction (YFAS)
The endorsement rates for specific food addiction symptoms are presented in Table 3 for 

the entire group and in Table 4 for the SG and GB groups. The two symptoms with the highest 
rates before and after surgery were the continued use despite knowledge of adverse conse-
quences and the persistent desire or repeated unsuccessful attempts to quit. Figure 1 shows 
changes in mean symptom count at T0, T6, and T24.

There was a significant main effect for time: Greenhouse-Geisser F(1.49, 46.27) = 15.62, 
p < 0.0001, partial η2 = 0.335. There was no significant main effect for group, which indicated 
that intervention groups did not differ significantly: F(1, 31) = 0.077, p = 0.784, partial η2 = 
0.002. There was no significant interaction between time and group: Greenhouse-Geisser 
F(1.49, 46.27) = 1.1, p = 0.326, partial η2 = 0.034.

No baseline differences regarding food addiction were seen in the YFAS for patients who 
dropped out of the study (n = 63) versus those who did not (n = 50) (p = 0.648).

Alcohol Addiction (AUDIT)
Change in prevalence of alcohol addiction over time was higher in the SG group (+7.8%) 

at T6, although this was not significant (p = 0.053). Two patients exhibited symptoms of 
alcohol addiction before surgery, and one still exhibited symptoms at T24. No de novo AUD 
was identified. Figure 2 shows the changes in mean symptom count at T0, T6, and T24.

Table 3. YFAS: endorsement rates for food addiction symptoms

Food addiction symptoms Question T0, 
%

T6, 
%

T24, 
%

Substance taken in larger amount and for longer period than intended 01 15.8 0 0
02 14.1 0 0
03 18.5 7.3 2

Persistent desire or repeated unsuccessful attempts to quit 04 7.9 2.9 0

Much time/activity to obtain, use, recover 05 28.2 5.8 2
06 13.2 0 0
07 18.5 1.5 2

Important social, occupational, or recreational activities given up or  
reduced

08 22.9 10.2 6
09 14.1 5.8 0
10 12.3 8.7 4
11 8.8 8.7 4

Characteristic withdrawal symptoms 12 11.4 5.8 2
13 16.7 7.3 0
14 30.8 18.9 0

Use causes clinically significant impairment or distress 15 42.2 11.6 4
16 28.1 8.7 0

Use continues despite knowledge of adverse consequences 17 59 27.6 18
18 85.4 29 22
19 73.9 27.6 14

Tolerance (marked increase in amount, decrease in effect) 20 36.1 26.1 6
21 35.2 23.2 12

Persistent desire or repeated unsuccessful attempts to quit 22 82.7 75.4 60
23 84.5 75.4 66
24 54.6 40.6 42
25 52.8 45 28
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There was no significant main effect for time: Greenhouse-Geisser F(1.93, 59.86) = 2.85, 
p = 0.067, partial η2 = 0.084. There was no significant main effect for group, which indicated 
that intervention groups did not differ significantly: F(1, 31) = 1.17, p = 0.288, partial η2 = 
0.036. There was no significant interaction between time and group: Greenhouse-Geisser 
F(1.93, 59.86) = 3.085, p = 0.055, partial η2 = 0.091.

Nicotine Addiction (FTND)
In the entire group, 26 patients (23%) were smokers before surgery. Five of the patients 

had quit smoking at T6, but restarted after T6, and none of the smokers had stopped smoking 
by T24. At T24, 10 de novo smokers were identified, 6 of whom were in the SG group and 4 
in the GB group. An increase in nicotine addiction (FTND score ≥5) was seen in the SG group 
with a prevalence of 5.9% before surgery and 14.8% at T24 (p = 0.218). Figure 3 shows the 
changes in mean symptom count at T0, T6, and T24.

There was no significant main effect for time: Greenhouse-Geisser F(1.59, 49.25) = 1.66, 
p = 0.205, partial η2 = 0.051. There was no significant main effect for group, which indicated 

Table 4. Endorsement rates for food addiction symptoms in the different surgical groups

Food addiction symptoms Question T0, % T6, % T24, % ∆T0–T24 
GB vs. SGGB SG GB SG GB SG

Substance taken in larger amount and for longer 
period than intended

1 17.8 14.7 0 0 0 0 17.8 vs. 14.7
2 15.5 13.2 0 0 0 0 15.5 vs. 13.2
3 20 17.6 0 11.7 4.4 0 15.6 vs. 17.6

Persistent desire or repeated unsuccessful  
attempts to quit

4 8.9 7.4 0 4.7 0 0 8.9 vs. 7.4

Much time/activity to obtain, use, recover 5 28.9 27.9 7.4 4.7 4.4 0 24.5 vs. 27.9
6 13.3 13.2 0 0 0 0 13.3 vs. 13.2
7 20 17.6 0 2.3 4.4 17.7 vs. 17.6

Important social, occupational, or recreational 
activities given up or reduced

8 26.6 20.6 3.7 14 13.1 0 13.5 vs. 20.6
9 17.8 11.8 0 9.3 0 0 17.8 vs. 11.8

10 4.4 17.6 7.4 9.3 8.7 –4.3 vs. 17.6
11 8.9 8.8 7.4 9.3 4.4 3.7 5.4 vs. 5.1

Characteristic withdrawal symptoms 12 11.4 13.3 9.3 0 3.7 11.4 vs. 9.6
13 16.7 22.2 3.7 9.3 0 0 16.7 vs. 22.2
14 30.8 37.7 3.7 28 0 0 30.8 vs. 37.7

Use causes clinically significant impairment or 
distress

15 40 44.1 3.7 16.3 0 7.4 40 vs. 36.7
16 24.4 30.9 0 14 0 0 24.4 vs. 30.9

Use continues despite knowledge of adverse 
consequences

17 46.6 67.6 11.1 37.3 13.1 22.2 33.5 vs. 45.4
18 82.1 88.2 18.5 35 17.4 22.2 64.7 vs. 66
19 71 76.4 25.9 28 17.4 11.1 53.6 vs. 65.3

Tolerance (marked increase in amount, decrease  
in effect)

20 31.1 39.7 11.1 35 4.4 7.4 26.7 vs. 32.3
21 40 32.3 18.5 25.6 8.7 14.8 31.3 vs. 17.5

Persistent desire or repeated unsuccessful  
attempts to quit

22 79.9 85.3 59.2 83.9 56.6 62.9 23.3 vs. 22.4
23 84.4 85.3 59.2 83.9 56.6 74 27.8 vs. 11.3
24 53.3 55.9 18.5 53.6 21.8 59.2 31.5 vs. –3.3
25 46.6 57.3 33.3 51.3 26.1 29.6 20.5 vs. 27.7

SG, sleeve gastrectomy; GB, gastric bypass.
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Fig. 1. Yale Food Addiction Scale – 
mean symptom count: there was  
a significant main effect for time,  
p < 0.0001, but intervention groups 
did not differ significantly, p = 
0.784.

Fig. 2. Alcohol Use Disorders 
Identification Test – mean symp-
tom count: there was no signifi-
cant main effect for time, p = 
0.067, and intervention groups 
did not differ significantly, p = 
0.288.

Fig. 3. Fagerstrom Test for Nico-
tine Dependence– mean symp-
tom count: there was no signifi-
cant main effect for time, p = 
0.205, and intervention groups 
did not differ significantly, p = 
0.229.
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that the intervention groups did not differ significantly: F(1, 31) = 1.51, p = 0.229, partial η2 
= 0.046. There was no significant interaction between time and group: Greenhouse-Geisser 
F(1.59, 49.25) = 1.023, p = 0.352, partial η2 = 0.032.

Exercise Addiction (EAI)
There was no significant main effect of time: Greenhouse-Geisser F(1.80, 55.85) = 1.82,  

p = 0.175, partial η2 = 0.055. There was no significant main effect for group, which indicat- 
ed that intervention groups did not differ significantly: F(1, 31) = 0, p = 0.994, partial η2 = 0. 
There was no significant interaction between time and group: Greenhouse-Geisser F(1.80, 
55.85) = 0.762, p = 0.459, partial η2 = 0.024.

Internet Addiction (IAT)
There was no significant main effect of time: Greenhouse-Geisser F(1.8, 55.68) = 0.58,  

p = 0.545, partial η2 = 0.018. There was no significant main effect for group, which indicat- 
ed that intervention groups did not differ significantly: F(1, 31) = 0.74, p = 0.396, partial η2 = 
0.023. There was no significant interaction between time and group: Greenhouse-Geisser 
F(1.8, 55.68) = 0.004, p = 0.993, partial η2 = 0.

Drug Addiction (DAST-20)
There was no significant main effect for time: Greenhouse-Geisser F(1.9, 44.13) = 1.02,  

p = 0.368, partial η2 = 0.042. There was no significant main effect for group, which indicat- 
ed that intervention groups did not differ significantly: F(1, 23) = 2.71, p = 0.114, partial η2 = 
0.105. There was no significant interaction between time and group: Greenhouse-Geisser 
F(1.9, 44.13) = 0.084, p = 0.913, partial η2 = 0.004. No form of drug addiction was reported 
before or after the operation.

Discussion

Food addiction seems to correlate with obesity and disordered eating behaviors [19, 20], 
and there is evidence of a shared pathophysiological nature of food addiction and substance 
use disorders [9]. In this study, we analyzed addiction remission regarding food and possible 
addiction transfer involving the use of alcohol, nicotine, drugs, the Internet, and exercise in 
113 patients undergoing surgery for obesity and metabolic disorders, whom we followed for 
24 months. We focused on the differences in addiction remission and addiction transfer after 
SG and GB because changes in gut hormones, bile acids, and gut microbiota may affect the 
gut-brain axis and because the adaptation of gut physiology seems to differ between the two 
procedures [11].

Food Addiction
In our study cohort, 69% of patients had a diagnosis of food addiction before the oper-

ation, and this percentage decreased to 30.4% at T6 and to 10% at T24. This finding confirms 
the current belief that food addiction decreases significantly during the first postoperative 
year [21]. The prevalence of food addiction was higher at the baseline in our cohort compared 
with other surgical cohorts, whose rates of food addiction were reported in the range of 
14–57.8% [21]. The higher prevalence of food addiction in our study may be explained by the 
higher mean BMI of 51.7 and the often delayed step to surgery because of the German health 
insurance companies. In our cohort, we found no significant differences in addiction remission 
between GB and SG. 
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Our analysis of the YFAS showed that the two most frequent symptoms reported before 
and after surgery were the continued use despite knowledge of adverse consequences and 
the persistent desire or repeated unsuccessful attempts to quit. The continued use despite 
knowledge of adverse consequences was identified by the answers to question 18, “My food 
consumption has caused significant physical problems or made a physical problem worse” 
and question 19, “I kept consuming the same types of food or the same amount of food even 
though I was having emotional and/or physical problems.” The persistent desire or repeated 
unsuccessful attempts to quit were identified by the answers to question 22, “I want to cut 
down or stop eating certain kinds of food” and question 23, “I have tried to cut down or stop 
eating certain kinds of food.” A recent Italian study confirmed the higher prevalence of the 
symptom “continued use despite knowledge of adverse consequences” and “the persistent 
desire or repeated unsuccessful attempts to quit” in the YFAS in candidates for surgery 
compared with a control group [22].

Interestingly, the only important difference between the GB and SG groups at T24 was 
identified by question 24, “I have been successful at cutting down or not eating these kinds of 
food.” The complex interactions within the gut-brain-endocrine axis are postulated to play a 
role in reducing food intake [11], and our study showed a significant reduction in food 
addiction at T24 after both surgical procedures. The reason why GB patients were more 
successful at cutting down or not eating certain kinds of food remains to be clarified. Postgas-
trectomy syndrome, which includes early and late dumping syndrome after gastric bypass 
surgery, may explain the difference [23]. Further research is needed to clarify whether 
patients with food addiction might benefit more from GB procedures.

Severity and prevalence of food addiction decrease after surgery for obesity and meta-
bolic disorders [24]. RYGB induces a negative nonlinear trend for total food cravings over 
time [25]. By contrast, other studies have found that food cravings seem to remain strong 
after RYGB [26] and loss-of-control eating is associated with poorer outcomes for weight loss 
after SG [27]. Improvements in several eating behaviors correlate with a remission of food 
addiction, and presurgical food addiction does not seem to be related to postsurgical weight 
outcomes during the first postoperative year [21]. Pepino et al. [24] examined whether food 
addiction remits after surgery and whether this correlates with eating behaviors and weight 
loss in 44 patients undergoing RYGB, SG, or gastric banding. Using the YFAS, they found rates 
of food addiction of 32% before and 2% after surgery, which led to a weight loss of about 20%, 
and improvement in several eating behaviors associated with food addiction. Sevinçer et al. 
[1] determined the rate of food addiction and whether it was associated with weight loss after 
surgery. They reported that 57.8% of the 166 patients undergoing SG or OAGB had a diag-
nosis of food addiction and that this decreased to 7.2% at 6 months (p < 0.001) and 13.7% at 
12 months (p < 0.001) after the operation. No relationship was found between the mean 
symptom count in the YFAS and excess body weight loss [1].

Alcohol Addiction
The interference of food, opiates, alcohol, and nicotine with dopamine and opioid neurons 

may explain the pathophysiology of addiction transfer after surgery for obesity and metabolic 
disorders [10]. In addition, alcohol and nicotine consumption are associated with social grade 
and educational attainment [28, 29], and central obesity is more common among lower than 
higher socioeconomic status groups [30]. These findings suggest that patients should be 
screened for possible substance use disorder before surgery and for possible addiction 
transfer after surgery for obesity and metabolic disorders.

We found a higher prevalence of alcohol addiction at T6 in the SG group (+7.8%) and a 
significantly higher mean symptom count in the SG group than in the GB group. However, 
both of these prevalence rates declined by T24 and did not differ significantly from those in 
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the presurgical assessment. The entire group (SG and GB groups combined) showed a signif-
icantly lower mean symptom score (p = 0.023) in the AUDIT score at T24. These results 
contrast with those of a prospective longitudinal study by King et al. [3], who found a signifi-
cantly higher prevalence of AUD in the second postoperative year in men, younger partici-
pants, and in those who smoked or regularly consumed alcohol or recreational drugs, had a 
lower sense of belonging, or underwent RYGB. The adjusted odds ratio was 2.07 (95% confi-
dence interval, 1.40–3.08; p < 0.001; reference category, laparoscopic adjustable gastric band 
procedure). These variables were independently related to an increased risk of AUD after 
surgery for obesity and metabolic disorders [3].

The critical question about alcohol consumption noted by King et al. was whether the 
increase in alcohol consumption reflects the adjustment for caloric intake and/or a greater 
alcohol reward because of the reduced reward from previously highly preferred rich food 
items. Some evidence suggests that the risk for onset of AUD continues to increase rather than 
decrease over many years following surgery [3]. Ivezaj et al. [7] proposed that “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.” We found a higher mean symptom count in the AUDIT at T6 and that, by T24, this 
count had decreased and did not differ significantly from that in the presurgical assessment. 
Because our study showed no addiction transfer at T24, it was not possible to identify possible 
predictive factors in our study cohort.

Nicotine Addiction
Rates of overweight and obesity are higher among more dependent smokers [31], but 

only a few studies have investigated the prevalence of food addiction and substance-related 
addictive disorders such as nicotine addiction. Müller et al. [32] found a prevalence of 6% for 
nicotine use disorder in 216 patients undergoing surgery for obesity and metabolic disorders. 
In our study cohort, we found an elevated rate of nicotine addiction at T24, especially after 
SG, as shown by a prevalence of +8.9% and a higher mean symptom count over time (0.67 vs. 
1.26), although these differences were not significant. Our postoperative recommendations 
might explain the higher nicotine abuse score after SG in correlation with that after GB. 
Patients are recommended to stop smoking after GB surgery to avoid the increased risk of 
anastomotic ulceration [33]. On the other hand, none of the smokers had stopped smoking at 
T24. Changes in gut hormones after GB surgery [34] may also interfere with the brain rewards 
pathway and diminish the rate of addiction transfer to nicotine.

The results of our study regarding nicotine addiction provide new information and are 
important for clinical practice. One new point is that, despite the recommendation to stop 
smoking, those who smoked had not ceased smoking at T24. Second, 10 de novo smokers 
were identified at T24, 6 of whom were in the SG group and 4 in the GB group. The higher rate 
of nicotine addiction may be related to a possible addiction transfer to satisfy the dopamine 
reward pathway.

Exercise, Internet and Drug Addiction
Interestingly, no addiction transfer involving sport and Internet addiction was seen in 

either surgical group. Li et al. [35] evaluated the relationship between obesity and Internet 
addiction, and found that obesity was not a predictor of Internet addiction. By contrast, Müller 
et al. [32] found a weak association between obesity with Internet use disorder in 216 patients. 
Addiction has not been studied yet. We found no evidence of addiction transfer involving 
Internet and exercise after surgery. The DAST-20 drug use questionnaire showed no signif-
icant change in the mean symptom count over time and no interaction between time and 
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group. In addition, no drug addiction was seen in the entire group either before or after the 
operation.

In our hospital, education about nutritional behavior, and supplementation with proteins, 
vitamins, and minerals before surgery and continuously during the FU is mandatory. Malnu-
trition can lead to symptoms of depression, anxiety, and low energy, which can lead some 
people to start using drugs or alcohol, or trigger a relapse [36].

Limitations
The present study has some limitations that should be considered when interpreting the 

findings. First, the prevalence estimates for all addictive disorders were based predominantly 
on questionnaire thresholds, and this might interfere with the diagnosis. On the other hand, 
questionnaires were used to identify patients at risk and every patient was seen personally by 
a physician during the FU. Second, only 61% of patients completed the questionnaires at T6 
and 44% at T24. Even though a study nurse distributed the questionnaires during the FU, the 
FU completion rates were low. This is a general problem in Germany and may be related to the 
high patient numbers in our high-volume center. Third, the prevalence of cross-addiction after 
surgery for obesity might have been too low to be detected in this small single-cohort study.

In conclusion, our single-center prospective cohort study showed that surgery for obesity 
causes significant addiction remission regarding food in both surgical groups without inducing 
significant cross-addiction at 2 years. We found no significant differences after the operation 
between the SG and GB procedures. The mean symptom count in the AUDIT score for alcohol 
addiction decreased significantly after both procedures, but a slightly higher prevalence of 
moderate nicotine dependence was observed especially after SG. Further studies are needed 
to identify possible predictors of the risk of addiction transfer after surgery for obesity.
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