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Abstract
Background & Aims: Bariatric surgery is common, but alcohol misuse has been re-
ported following these procedures. We aimed to determine if bariatric surgery is as-
sociated with increased risk of alcohol-related cirrhosis (AC) and alcohol misuse.
Methods: Retrospective observational analysis of obese adults with employer-
sponsored insurance administrative claims from 2008 to 2016. Subjects with diag-
nosis codes for bariatric surgery were included. Primary outcome was risk of AC. 
Secondary outcome was risk of alcohol misuse. Bariatric surgery was divided into 
before 2008 and after 2008 to account for patients who had a procedure during the 
study period. Cox proportional hazard regression models using age as the time vari-
able were used with interaction analyses for bariatric surgery and gender.
Results: A total of 194 130 had surgery from 2008 to 2016 while 209 090 patients 
had bariatric surgery prior to 2008. Age was 44.1 years, 61% women and enrolment 
was 3.7 years. A total of 4774 (0.07%) had AC. Overall risk of AC was lower for those 
who received sleeve gastrectomy and laparoscopic banding during the study period 
(HR 0.4, P <.001; HR 0.43, P =.02) and alcohol misuse increased for Roux-en-Y and 
sleeve gastrectomy recipients (HR 1.86 and 1.35, P  <.001, respectively). In those 
who had surgery before 2008, women had increased risk of AC and alcohol misuse 
compared to women without bariatric surgery (HR 2.1 [95% CI: 1.79-2.41] for AC; HR 
1.98 [95% CI 1.93-2.04]).
Conclusions: Bariatric surgery is associated with a short-term decreased risk of AC 
but potential long-term increased risk of AC in women. Post-operative alcohol sur-
veillance is necessary to reduce this risk.
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1  | INTRODUC TION

The obesity epidemic in the United States (US) has increased demand 
for weight loss solutions. As a result, bariatric surgery has emerged 
as one of the most common surgical procedures performed for treat-
ment of obesity. In the USA, sleeve gastrectomy and Roux-en-Y gastric 
bypass are the most common procedures performed, with adjust-
able gastric banding being less prevalent and declining (1). Long-term 
outcomes typically indicate durable weight loss and improvement in 
quality of life as well as many metabolic risk factors, such as diabetes 
and hypertension.1 While many patients undergoing bariatric surgery 
have fatty liver, including non-alcohol–related steatohepatitis (NASH), 
those who lose 10% or more of their body weight following gastric 
bypass may see substantial decreases in not only steatosis but also 
fibrosis which typically would be expected to protect bariatric surgery 
patients from cirrhosis, at least in the short term.2

While obesity-related complications appear to improve over time, 
hazardous alcohol misuse both before and after bariatric surgery is a 
growing clinical concern leading to recommendations for preoperative 
screening for alcohol misuse.3 Despite these efforts to screen out pa-
tients with heavy alcohol misuse prior to surgery, multiple studies doc-
ument post-operative substance use and alcohol misuse disorder rates 
ranging from 7% to 33%.4,5 The effect of bariatric surgery on the subse-
quent risk of alcohol-related cirrhosis (AC), however, is unclear, as there 
are few well-characterized, longitudinal prospective cohorts of bariatric 
surgery with enough follow-up time to allow for cirrhosis development. 
A key mediating factor may be alterations in alcohol metabolism fol-
lowing both Roux-en-Y gastric bypass and sleeve gastrectomy, whereby 
equivalent doses of alcohol result in higher peak blood alcohol levels, 
more prolonged alcohol elimination time, and greater levels of subjec-
tive intoxication.6,7 Bypass of gastric alcohol dehydrogenase has been 
hypothesized as a potential mechanism for these observed differences.

More women than men undergo bariatric procedures,8 and gen-
der also plays an important and multifactorial role in the risk of de-
veloping AC. Women are more susceptible to liver disease at lower 
doses of alcohol, a poorly understood phenomenon that is likely re-
lated to differential distribution of hepatic alcohol dehydrogenase, 
differences in body composition, or to hormonal differences be-
tween gender.9 Women also may have some unique aspects to alco-
hol misuse disorders (AUD), which often facilitate the development 
of AC, including different AUD symptom presentation and course 
and suboptimal diagnosis, screening and intervention in women 
compared to men.10,11 Owing to this confluence of risk factors, we 
sought to determine if bariatric surgery increases the risk of AC and 
whether the effect is more pronounced in women.

2  | METHODS

2.1 | Population

We used the Marketscan Commercial Claims and Encounters 
dataset from 2008 to 2016 for our analysis. Marketscan is a large, 

nationally representative administrative claims dataset composed of 
over 100 million unique enrolees with patient-specific data on inpa-
tient, outpatient, facility and pharmaceutical claims. The structure 
of the dataset allows a single patient with continuous coverage to 
be followed across multiple years of enrolment in both inpatient and 
outpatient settings. It is one of the largest and most comprehen-
sive claims datasets and has been widely used in healthcare stud-
ies, including studies of alcohol-related liver disease and AC.12-15 
Marketscan's enrolment nearly approximates the entire popula-
tion with employer-sponsored insurance (ESI) in the USA which, in 
2012, included 115 510 639 adults ages 18-64 years. All data were 
weighted to reflect the full Marketscan population.

2.2 | Inclusion & exclusion criteria

We included all adult subjects, ages 18-64, in Marketscan who had 
at least 1 calendar year (360 days) of continuous coverage, which 
included the index cirrhosis diagnosis and any bariatric surgical pro-
cedure codes (see Figure 1). We sought to compare outcomes for 
those who received bariatric surgery compared to those who were 
eligible but did not receive surgery; therefore, we restricted our ini-
tial cohort to only obese subjects. We included all subjects with an 
obesity code (see Appendix S1), as these would be the only patients 
eligible for bariatric surgery, and, from this population of obese sub-
jects, then retained all enrolees with bariatric surgery and all enrol-
ees with cirrhosis. We excluded patients with hepatitis C from the 
primary analysis, but performed a sensitivity analysis in these pa-
tients. Patients who had bariatric surgery after a cirrhosis code was 
present (n  =  1803) were excluded from primary outcome analysis 
but retained for secondary outcome analysis (alcohol misuse).

2.3 | Outcomes and variables

Our primary outcome was risk of AC after bariatric surgery, defined as 
the hazard ratio of a new AC diagnosis. Our secondary outcome was 
risk of clinically relevant and diagnosed alcohol misuse after bariatric 

Lay Summary

Weight loss surgery is effective for obesity treatment 
but has been shown to result in increased alcohol misuse 
post-operatively which could increase the risk of alcohol-
related liver disease. We examined the risk of alcohol-
related cirrhosis and alcohol misuse in a cohort of patients 
with private insurance and found that the short-term risk 
of alcohol-related cirrhosis after bariatric surgery was re-
duced, but the risk of alcohol misuse was increased. In the 
long term, we found that the risk of alcohol-related cirrho-
sis was increased, especially in women.
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surgery, again expressed as a hazard ratio. ICD-9 and ICD-10 codes 
were used to define bariatric surgical procedures as well as the primary 
and secondary outcomes of alcohol-related cirrhosis and alcohol misuse 
(see Appendix S1). The structure of the MarketScan database allows 
for determination of procedures performed during the study period 
through the use of specific procedure codes, indicating that the subject 
had surgery on that date. However, based on diagnosis codes including 
in the Appendix S1, many patients (n = 209 090) had bariatric surgery 
prior to 2008 when our study period begins. These patients were in-
cluded because of concern that alcohol misuse after bariatric surgery 
may take years to result in AC; therefore, inclusion of only patients 
with incident surgeries during 2008-2016 would bias results and given 
an inaccurate picture of the short- and long-term potential risk of AC. 
These surgeries are captured with non-procedural diagnosis codes (eg 
Z98.84 Bariatric surgery status (includes history of bariatric surgery); 
see Appendix S1 for more codes).

Bariatric surgery was therefore defined as follows: Patients who 
had a procedure code for a bariatric surgery, indicating that they had 
had a surgical procedure on that date during the study period, were 
defined as “bariatric surgery, 2008-2016” and were further sub-
classified based on the type of surgery performed as previously pub-
lished (Hatoum IJ JAMA Surg 2016;151; Ibrahim AM, Ghaferi AA, 
JAMA Surg 2017;152[7]): Roux-en-Y gastric bypass (roux), sleeve 
gastrectomy (sleeve) and gastric banding (band) (see Appendix S1 for 
included procedures in each category). Patients who had an ICD-9 or 
ICD-10 code for a history of a bariatric surgery and who did not have 
any bariatric surgical procedure code during the study period were 
defined as “bariatric surgery before 2008.” These patients were not 
sub-classified by surgical type because of an inability to determine 
procedure type in the absence of procedure codes. Alcohol-related 
cirrhosis (AC), alcohol misuse, and all comorbidities were defined by 
ICD-9 and ICD-10 codes, as previously published.12 Elixhauser co-
morbidity scores were calculated, excluding the liver, alcohol, hyper-
tension, and diabetes categories as these were used as independent 
predictors of outcomes in main effects and interaction analyses.

2.4 | Statistical analysis

We used Cox proportional hazards regression models to establish risk 
factors for each outcome of interest (AC and alcohol misuse). All analy-
ses were performed in weighted data. The time variable for the hazard 

regression was age, thus the baseline hazard function represents the 
age-specific hazard for the outcome. Time-varying risk factors, mean-
ing those covariates that change during the study period (such as the 
development of ascites or variceal bleeding), were updated when they 
appeared in the claims records. Entry and exit times were defined as 
January 1st/December 31st of the first/last year in which a subject 
had at least 360 days of coverage, and for which all intervening years 
between the entry and exit date also had ≥360 days of coverage. If a 
subject had multiple disconnected intervals of coverage, the longest 
continuous interval was used. To reduce classification errors early in a 
subject's claims record, those with a cirrhosis diagnosis within the first 
year after study entry were implicitly dropped. Those who had cirrho-
sis codes or alcohol misuse codes appear before the bariatric surgery 
codes were censored and not included in the analysis.

To further explore the finding of increased AC in those with 
bariatric surgery prior to 2008 as well as increased alcohol use 
overall, we performed interaction analyses for bariatric surgery 
prior to 2008 and gender, adjusting for diabetes, hypertension and 
Elixhauser score. Using interactions, we fit models in which each of 
these groups has its own hazard ratio relative to the baseline haz-
ard function (e.g., men have a higher baseline hazard of developing 
AC compared to women). Therefore, comparisons were generated 
between men and women with and without bariatric surgery as 
well as within groups (men without vs men with bariatric surgery; 
women without vs women with bariatric surgery). To aid in interpret-
ing associations for interaction terms, the fitted log hazard for each 
combination of these interaction variables was calculated. We also 
performed a sensitivity analysis of our outcomes in those with hepa-
titis C diagnosis codes using the same statistical analysis as detailed 
above, as well as a sensitivity analysis of unadjusted incidence of AC 
and alcohol misuse per 100 person-years.

This study was deemed exempt by the University of Michigan 
Institutional Review Board. Patients and the public were not in-
volved in the design or conduct of this research.

3  | RESULTS

3.1 | Characteristics of the study population

A total weighted population of 7 015 591 was included (see Table 1). 
At entry into the study, mean age was 44.1 years and 61.3% were 

F I G U R E  1   Types of bariatric surgery 
performed during the study period (2008-
2016) (n = 194 130)
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women. Mean follow-up time in the study was 3.7 years. Based on 
diagnosis codes, the weighted proportions were as follows: 26.4% 
had diabetes, 57.2% had hypertension, 0.29% had cirrhosis (0.07% 
AC and 0.22% non-AC) and 1.9% had documented alcohol misuse. 
The mean Elixhauser score was 1.4. 209 090 (3.0%) had a history 
of bariatric surgery before 2008 while 194 130 (2.7%) had a bariat-
ric surgical procedure during the study period. Eighty per cent of all 
bariatric surgeries (both before and after 2008) were performed in 
women. Among the bariatric procedures performed during the study 
period from 2008 to 2016, Roux-en-Y gastric bypass was the most 
common (see Figure 1). During the study period, 4774 (0.03%) re-
ceived a new diagnosis code of AC (see Table 1).

3.2 | Impact of bariatric surgery on risk of AC

In the primary hazard regression, for those with surgery during the 
study period, there was no association between receiving a Roux-
en-Y gastric bypass and increased risk of AC, but for those patients 
who received a sleeve gastrectomy or gastric banding, there was a 
decreased hazard ratio for developing AC (0.40; P <.001 and 0.43, 
P =.02 respectively). Patients who had a history of a bariatric surgery 
before 2008 had an increased risk of AC (HR 1.31, P  =.008) (See 
Table 2 and Figure 2). There were interaction effects for AC risk with 
bariatric surgery before 2008 and gender (see Table 2). Thus, women 
with a history of bariatric surgery had a > 2-fold risk of AC (HR 2.1, 
95% confidence interval 1.79-2.41) compared to women without 
bariatric surgery. An increase in risk of AC was also observed in men 

but the impact was attenuated (HR 1.3, 95% confidence interval 
1.07-1.61) (see Figure 2). Although bariatric surgery prior to 2008 
had a greater effect on AC in women, women still had a lower risk of 
AC compared to men (HR 0.46, 95% confidence interval 0.37-0.61) 
(See Table 3).

3.3 | Impact of bariatric surgery on alcohol misuse

In the secondary outcome analysis, undergoing a gastric bypass 
procedure after 2008 was associated with an increased risk of clini-
cally relevant alcohol misuse across all procedure types. The risk was 
greatest for patients who had a Roux-en-Y gastric bypass (HR 1.86, 
P <.001). A smaller but still significant increase was observed after 
sleeve gastrectomy (HR 1.35, P <.001) but not after gastric banding 
(HR 1.09, P =.07). Receipt of bariatric surgery before 2008 was as-
sociated with an increased risk of documented alcohol misuse (HR 
1.52, P <.001), with a greater impact in women (HR 1.98, 95% con-
fidence interval 1.93-2.04) than in men (HR 1.53, 95% confidence 
interval 1.45-1.60) (see Figure 2).

3.4 | Sensitivity analyses

We performed a sensitivity analysis evaluating the risk of AC and 
alcohol misuse for those with hepatitis C (see Table S1). In this analy-
sis, there was no association between receipt of a bariatric surgical 
procedure before or after 2008 and AC. We performed additional 
evaluation of interactions in the HCV-positive population between 
gender and bariatric surgery before 2008. These showed no statis-
tically significant increased risk for AC (for women: HR 1.37, 95% 
confidence interval 0.89-2.12; for men: HR 1.60, 95% confidence in-
terval 0.98-2.61). There was also no increased risk of alcohol misuse 
among HCV-positive patients with a bariatric surgical procedure. An 
interaction analysis showed that HCV-positive women with a history 
of bariatric surgery before 2008 were slightly more likely to have an 
alcohol misuse problem compared to HCV-positive women without 
bariatric surgery (HR 1.36, 95% confidence interval 1.11-1.66).

In another sensitivity analysis, the unadjusted incidence rates for 
a new diagnosis of AC were determined for those with and without 
bariatric surgery. The unadjusted rates of AC for bariatric surgery 
before 2008 were 0.05 per 100 person-years follow-up for women 
and 0.09 per 100 person-years for men. For bariatric surgeries after 
2008, the unadjusted rates for women and men were 0.02 and 0.05 
per 100 person-years respectively.

4  | DISCUSSION

In this large study of privately insured adult USA patients, undergoing 
bariatric surgery during the study period was associated with an in-
creased risk of alcohol misuse, a lower risk of AC in the short-term, but 
potentially, a longer-term increased risk of AC. These longer-term risks 

TA B L E  1   Population characteristics, weighted to reflect the 
MarketScan population

Total n = 7 015 591
Per cent/
range

Female 4 303 651 61.3%

Age (mean) 44.1 18-64

Elixhauser (mean) 1.37 –

Diabetes 1 851 001 26.4%

Hypertension 4 011 850 57.2%

Follow-up time (mean y) 3.7 –

Bariatric surgery from 
2008 to 2016

194 130 2.77%

Roux-en-Y Gastric 
Bypass

102 385 1.46%

Sleeve Gastrectomy 64 687 0.92%

Laparoscopic Gastric 
Banding

27 058 0.39%

Bariatric surgery before 
2008

209 090 3.0%

Alcohol-related Cirrhosis 4774 0.03%

Non-alcoholic–related 
Cirrhosis

15 192 0.22%

Alcohol misuse 132 096 1.89%
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were more pronounced in women than in men. Those who had a bari-
atric surgery during the study period were at markedly increased risk 
of alcohol misuse, particularly if they had a Roux-en-Y gastric bypass.

Our study showed a decreased risk of AC in the cohort who had 
bariatric surgery (sleeve gastrectomy and laparoscopic banding) 
from 2008 to 2016. This is not surprising for a number of reasons. 

First, patients with obesity who meet criteria for bariatric surgery, 
particularly for Roux-en-Y gastric bypass, frequently have features 
of the metabolic syndrome, which increases their risk of having 
non-alcoholic fatty liver disease or non-alcoholic steatohepatitis 
(NASH).16 In these patients, weight loss of 5%-10% can result in 
marked reduction in the fat and inflammation content of the liver 

TA B L E  2   Main effects and interaction effects of bariatric 
surgery on risk of alcohol-related cirrhosis

Variable
HR (confidence 
interval) P value

Bariatric Surgery from 2008 to 2016

Roux-en-Y gastric bypass 0.98 (0.76-1.23) 0.78

Sleeve gastrectomy 0.40 (0.24-0.65) <0.001

Banded gastroplasty 0.43 (0.21-0.87) 0.02

Bariatric Surgery before 
2008a,b 

1.31 (1.07-1.61) <0.001

Femalea  0.30 (0.28-0.32) <0.001

Elixhauser 1.38 (1.37-1.40) <0.001

Diabetes 0.94 (0.87-1.00) 0.05

Hypertension 1.56 (1.44-1.68) <0.001

aIndicates an interaction effect is present. 
bComparisons are to patients without any history of bariatric surgery. 

F I G U R E  2   Interaction effects in risk of alcohol misuse and AC for men and women: between-group and within-group comparisons

TA B L E  3   Main effects and interaction effects of bariatric 
surgery on risk of alcohol misuse

Variable HR (confidence interval) P value

Bariatric Surgery from 2008 to 2016

Roux-en-Y gastric bypass 1.86 (1.79-1.94) <0.001

Sleeve gastrectomy 1.35 (1.28-1.43) <0.001

Banded gastroplasty 1.09 (0.99-1.19) 0.06

Bariatric Surgery before 
2008a,b 

1.53 (1.46-1.60) <0.001

Femalea  0.45 (0.44-0.45) <0.001

Elixhauser 1.19 (1.19-1.20 <0.001

Diabetes 0.91 (0.90-0.93) <0.001

Hypertension 1.19 (1.17-1.21) <0.001

aIndicates an interaction effect is present. 
bComparisons are to patients without any history of bariatric surgery. 
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parenchyma, reducing the risk of cirrhosis development in the near 
term.17 Second, cirrhosis typically takes years to develop, thus the 
shorter follow-up time for those with more recent bariatric surgery 
may bias results against cirrhosis development. In our analysis of 
patients with a history of bariatric surgery prior to 2008 (but no 
surgical intervention during the study period), there was increased 
risk for AC, particularly among women who had bariatric surgery 
compared to those who did not. Although these data should be in-
terpreted with caution as we do not know when or what type of 
bariatric surgery was performed, this link is made plausible by the 
increased risk of alcohol misuse after bariatric surgical procedures 
found in our data and confirmed in multiple other studies in the lit-
erature. We were unable to ascertain the timing or type of bariatric 
surgeries prior to 2008 to determine whether progression to AC is 
accelerated, but compared to obese patients who never had bariat-
ric surgery the risk was increased. Prior to 2008, trends in bariatric 
surgery changed from favouring simple restrictive surgeries (such 
as banded gastroplasty) in 67% of weight-loss surgeries in the late 
1980s to 94% of patients undergoing more complex mixed restric-
tive malabsorptive surgeries (such as Roux-en-Y gastric bypass) by 
the 1990s.18 Given that alcohol misuse rates in Roux-en-Y gastric 
bypass have been reported to be two times higher compared to gas-
tric banding procedures, this could suggest a potential mechanism 
for the increase seen in our data.19 In sum, the weight loss associated 
with bariatric surgery may explain the short-term decrease in cir-
rhosis risk, but the longer-term increased risk of alcohol misuse may 
predispose to increased risk of AC.

Our findings of markedly increased risk of alcohol misuse, even 
in the relatively shorter follow-up period for those with surgery 
during the study period, suggest that alcohol misuse problems 
occur early and could contribute to the potential long-term in-
creased risk of AC. Changes in alcohol metabolism following gastric 
bypass may play a role in this increased risk. Alcohol metabolism 
in the body occurs predominantly in the liver, where hepatic al-
cohol dehydrogenase metabolizes most of the consumed alcohol. 
Some alcohol metabolism occurs in the gastric mucosa, such that 
bypassing the stomach may result in increased hepatic delivery of 
alcohol. In a small cross-over study of 19 patients who underwent 
Roux-en-Y gastric bypass, peak blood alcohol concentrations after 
a standard dose of alcohol were substantially higher 6 months after 
the procedure compared to pre-operative alcohol levels.6 Another 
small study of eight women who had Roux-en-Y gastric bypass sur-
gery reported similar findings, showing higher post-operative peak 
blood alcohol concentrations, faster time to peak blood alcohol 
levels and more pronounced, longer-lasting feelings of drunken-
ness.7 Findings for sleeve gastrectomy or gastric banding have, in 
the past, been less consistent, but recent data have suggested that, 
similar to Roux-en-Y gastric bypass, sleeve gastrectomy also causes 
higher and faster peak blood alcohol concentrations.20-23 However, 
alcohol metabolism changes are only a partial explanation. Changes 
in brain reward processing post-bariatric surgery have also been 
noted in animal models of alcohol consumption following Roux-
en-Y gastric bypass, supporting the hypothesis that alcohol misuse 

may substitute for maladaptive behaviours following bariatric 
surgery.21

Our findings of increased post-operative alcohol misuse are con-
sistent with existing studies linking bariatric surgery, particularly 
Roux-en-Y gastric bypass, and increased post-operative alcohol mis-
use 19,21 Lifetime prevalence of Axis I psychiatric and substance use 
disorders in bariatric surgery patients may be as high as 73% and 32% 
respectively.24-26 A large retrospective Swedish study found a two-
fold increased risk of inpatient care for alcohol dependence in those 
with Roux-en-y gastric bypass compared to those with restrictive 
bariatric surgery.27 A recent meta-analysis of alcohol use disorder 
(AUD) both before and after bariatric surgery found no significant 
increase in formal AUD diagnoses at 1-year post-surgery, but did 
find an 82% increase at 3 years (OR 1.82, CI 1.53-2.18). Our study 
involving nearly 400 000 persons with bariatric surgery and a mean 
follow-up time of 3.7  years showed that alcohol misuse increased 
after bariatric surgery and over time, risk of AC also increased.

To capture all relevant alcohol misuse problems, we used an 
inclusive definition of alcohol misuse that included alcohol use dis-
order, as well as broader diagnoses of alcohol intoxication, alcohol 
withdrawal, alcohol-related pancreatitis or alcohol-related liver dis-
ease. With the recognition that hazardous drinking is not uncommon 
before bariatric surgery and increases afterward, several guidelines 
recommend careful pre-operative psychosocial screening for sub-
stance use disorder and psychiatric illness along with post-operative 
recommendations that high-risk patients fully abstain from alcohol 
misuse.3 These guidelines were issued in 2012, while our study 
spanned 2008-2016.4 Thus, persons who had bariatric surgery prior 
to entry and those who had procedures during the study period may 
not have undergone screening pre-operatively or received post-
operative counselling.

Our finding that bariatric surgery has a greater long-term im-
pact on risk of alcohol misuse and AC in women has not been de-
scribed to date, but, as discussed above, these results should be 
interpreted with caution and will require further validation. Women 
are more susceptible to the toxic effects of alcohol at lower doses. 
Women have less gastric alcohol dehydrogenase compared to men 
and a smaller volume of distribution of alcohol, which may explain 
the gender variation in alcohol's effects.28 Women develop AC and 
alcoholic hepatitis with less total alcohol consumption as well as 
a shorter duration of alcohol consumption compared to men.29-31 
These findings have led to recommendations for limits of safe al-
cohol consumption in women being half that of men (www.niaaa.
org). Our finding of a more marked increased risk of AC in women 
suggests that women may be affected to a greater degree by the 
changes in alcohol metabolism after bariatric surgery. Apart from 
differences in alcohol metabolism, there are other gender differ-
ences in alcohol use. Women in the general population as well as 
those undergoing bariatric procedures are more affected by anx-
iety and depressive disorders 32 than men, which may predispose 
them to alcohol misuse.24 Alcohol problems more commonly go 
undetected in women, and women are less likely to access alco-
hol treatment.33 In addition, an increase in alcohol misuse and AC 

http://www.niaaa.org
http://www.niaaa.org
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among women is not limited to those who underwent bariatric 
surgery but is increasingly recognized in the general population, 
where AUDs have increased 80% in women, compared to 30% in 
men, and where AC rates in women are on the rise.12,34,35

There are several limitations to our study. We used observational 
claims data with ICD-9/ICD-10 coding, which, although specific, 
may lack sensitivity. Second, pre-existing obesity and metabolic 
abnormalities may increase the risk of cirrhosis. Successful weight 
loss after bariatric surgery is associated with reduced risk of NASH 
cirrhosis; however, we do not have data on BMI or body composi-
tion to determine if those with a new AC diagnosis were less likely 
to maintain weight loss. We also do not have data on post-surgical 
weight regain, which could also result in confounding. In addition, 
because of the limitations of ICD coding for fibrosis without cirrho-
sis, we were unable to accurately ascertain which patients may have 
had F2 or F3 fibrosis leading up to their surgery which may have 
placed them at risk for long-term cirrhosis. Alcohol and metabolic 
abnormalities, particularly diabetes, may have synergistic effects on 
liver damage, increasing likelihood of cirrhosis, particularly in those 
with heavy alcohol use.36 Our regression models accounted for DM 
and hypertension, but obesity, as ascertained by ICD-9 and ICD 10 
codes, may be less accurate.

In conclusion, patients who undergo bariatric surgery are at 
greater risk alcohol misuse problems in the early years following 
their bariatric procedures, but may be at increased risk of AC in 
the long term, with an effect more pronounced in women. Post-
operative alcohol recommendations may need to be targeted in a 
gender-specific fashion, and patients should be educated about po-
tential differences in alcohol metabolism that may make them more 
susceptible to AC and new or worsening alcohol misuse problems. 
Further prospective research is necessary to confirm these findings 
and to determine best practices for screening and interventions for 
alcohol misuse before and after bariatric surgery.
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