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Abstract

Background: Roux-en-Y gastric bypass surgery (RYGB) increases the rate of alcohol absorption 

so that peak blood alcohol concentration is two-fold higher after surgery than those reached after 

drinking the same amount before surgery. Because high doses of alcohol can lead to 

hypoglycemia, patients may be at increased risk of developing hypoglycemia after alcohol 

ingestion.

Objectives: We conducted two studies to test the hypothesis that the consumption of ~2 standard 

drinks of alcohol would decrease glycemia more after RYGB than before surgery.

Setting: Single-center prospective randomized trial.

Methods: We evaluated plasma glucose concentrations and glucose kinetics (assessed by 

infusing a stable isotopically labelled glucose tracer) after ingestion of a non-alcoholic (placebo) 

or an alcoholic drink in: i) 5 women before (body mass index (BMI) = 43±5 kg/m2) and 10±2 

months after RYGB surgery (BMI=31±7 kg/m2; Study 1), and ii) 8 women who had RYGB 

surgery 2.2±1.2 years earlier (BMI=30±5 kg/m2; Study 2)

Results: Compared with the placebo drink, alcohol ingestion decreased plasma glucose both 

before and after surgery, but the reduction was greater before (glucose nadir placebo= −0.4±1.0 

mg/dl vs. alcohol=−9.6±1.5 mg/dl) than after (glucose nadir placebo=−1.0±1.6 mg/dl vs. alcohol =
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−5.5±2.6 mg/dl; P < .001) surgery. This difference was primarily due to an alcohol-induced early 

increase followed by a subsequent decrease in glucose rate of appearance into the systemic 

circulation.

Conclusion: RYGB does not increase the risk of hypoglycemia after consumption of a moderate 

dose of alcohol.
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Introduction

Roux-en-Y-gastric bypass (RYGB) is one of the most effective and widely used procedures 

to treat severe obesity [1] and its related comorbidities [2, 3]. Although, RYGB has marked 

beneficial effects on glycemic control, a subset of patients experience clinically significant 

postprandial hypoglycemia [4–8]

Alcohol is a dietary factor that can increase risk of hypoglycemic events, because alcohol 

consumption inhibits gluconeogenesis [9, 10], which can lead to hypoglycemia [11]. Our 

group and others have recently demonstrated that RYGB has marked effects on the 

pharmacokinetics of ingested alcohol [12–14]. As a result, when patients who had RYGB 

surgery consume two standard drinks, they reach blood alcohol concentrations (BAC) that 

are similar to those achieved after drinking four or five drinks before surgery [13]. However, 

the effect of alcohol consumption on glycemia in these patients has not been studied.

Here we tested the hypothesis that consumption of a moderate dose of alcohol would 

decrease plasma glucose concentrations more after RYGB than before surgery, because of 

surgery-induced changes in alcohol pharmacokinetics. Consequently, patients who have had 

RYGB surgery would be more susceptible to experiencing hypoglycemia after consuming a 

moderate dose of alcohol than people who had not had RYGB surgery.

Methods

Subjects.

Our study design includes both a prospective and a cross-sectional approach. The 

prospective part of the study involved evaluating five women who were scheduled to have 

RYGB surgery (RYGB before-after group). The cross-sectional part of the study involved 

evaluating eight women who had RYGB within the last 1–5 years (RYGB 1–5 yr. group) 

(Table 1). The study was approved by the Washington University Institutional Review 

Board, and all subjects provided written informed consent before participation.

Patients were recruited by reviewing their medical records followed by a personal interview 

conducted at the Bariatric Surgery Clinic at Barnes-Jewish Hospital in St. Louis, MO. We 

included only women because 81% of the patients undergoing bariatric surgery are women 

[15], and sex can affect the pharmacokinetics of alcohol [16].
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We carried out a comprehensive medical evaluation, including blood tests, physical 

examination and urine pregnancy test. None of the subjects had a diagnosis of diabetes or 

were taking medicines to treat diabetes, but several had a history of hypertension, 

dyslipidemia or depression (Table1). We assessed subject’s alcohol use patterns by using the 

Alcohol module of the Semi-Structured Assessment for Genetics of Alcoholism (SSAGA) 

[17], and only regular (i.e., at least one drink per month), low risk drinkers (i.e., no more 

than 3 standard drinks in a 24 hour period and/or no more than 7 drinks per week [18] in the 

month before enrolling in the study) were eligible for participation. Those with lifetime 

alcohol dependence, current regular use of drugs of abuse other than alcohol, or use of any 

medication that interacts with alcohol pharmacokinetics or pharmacologic effects, were 

excluded. Additional exclusion criteria were pregnancy, breastfeeding, not using an effective 

birth control method, using tobacco products within the last six months, anemia, and liver 

disease. The study is registered with the Clinical Trials.gov identifier: NCT01843257.

Experimental Procedures

The study was conducted in the Clinical Research Unit at Washington University School of 

Medicine in St. Louis, MO. Using a randomized crossover design, patients were evaluated 

on two study visits, which took place approximately 1-week apart. During these visits, by 

using crossover design, patients were randomly assigned to consume either 0.5 g of alcohol 

per kg of fat-free mass (FFM) or a non-alcoholic beverage (placebo condition) at their first 

visit. The dose of alcohol was calculated based on each patient’s total FFM because FFM, 

not body weight, correlates closely with alcohol volume of distribution [19]. Body FFM was 

measured by using dual-energy X-ray absorptiometry. Patients in the RYGB before-after 

group repeated the two study visits 10±2 months after RYGB surgery and 28±10% weight 

loss.

Alcohol and placebo challenge tests

For each study visit, patients were admitted to the Clinical Research Unit after they had 

fasted for ~12 h overnight at home, and remained fasted during the entire challenge test. 

Immediately after rechecking pregnancy status by using a urine pregnancy test, two catheters 

were inserted. One of the catheters was inserted into an antecubital vein for glucose tracer 

infusion, and the second catheter was inserted into a hand-vein for blood collection to 

determine plasma glucose concentration, tracer-to-tracee ratio, and BAC. To obtain 

arterialized blood samples, we heated the patient’s hand to 55°C by using a thermostatically-

controlled box [20]. A primed continuous infusion of [6,6–2H2]glucose (priming dose: 22 

μmol/kg; infusion rate: 0.22 μmol/kg . min) was started and maintained until the end of the 

study. After 3.5 hours of tracer infusion, patients ingested a 20% v/v solution of 190 proof 

ethanol mixed with a fruity flavored juice containing no sugar (Kool-Aid, Kraft Heins 

Company, Chicago, IL) sweetened with ~1.7 grams of Splenda (Heartland Consumer 

Products, Carmel IN) (alcohol condition) or a non-alcoholic version of the same drink 

(placebo condition). The drinks were provided in two equally divided aliquots of ~76 mL 

(range 72–99 mL) and patients consumed each aliquot within consecutive 5-minute periods. 

For both conditions, 2 mL of alcohol were sprayed onto the surface of the cup to serve as a 

flavor mask. Blood samples were obtained immediately before starting the glucose tracer 

infusion, every 10 min for 30 min just before patients began drink ingestions (time 0), and 
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then at 15, 25, 35, 45, 60, 75, 90, 105, 120, 135, 150, 180 and 210 min after initiating 

drinking.

Sample analyses

Plasma glucose concentration and glucose kinetics.—Glucose concentration in 

plasma was measured by using an automated glucose analyzer (YSI 2300 STAT plus; Yellow 

Spring Instrument Co.), and glucose tracer-to-tracee ratio in plasma was determined by 

using gas chromatography–mass spectrometry (Agilent Technologies/HP 6890 Series GC 

System–5973 Mass Selective Detector; Hewlett-Packard) as previously described [21].

Blood Alcohol Concentration.—BAC was measured by using headspace-gas 

chromatography (Agilent Technologies/HP 6890 with automated-headspace sampler) as 

previously described [22]. The results of these analyses have been previously reported [13] 

and are shown in Table 1.

Calculations

We used the Steele’s equation for non-steady-state conditions to calculate substrate kinetics. 

We calculated delta plasma glucose concentration and delta glucose rate of appearance (Ra) 

by subtraction of the value at baseline (i.e. the average of samples taken at −30, −20 and −10 

min) from the values at each time point for each study visit to obtain peaks and nadirs.

Statistical analysis

The effects of alcohol consumption on time-depending changes in plasma glucose 

concentrations (mg/dl) and glucose kinetics (i.e., glucose endogenous production or glucose 

Ra (μmol/kg FFM/min) relative to placebo consumption after RYGB, and the differences 

between these effects before vs. after RYGB surgery were evaluated by using general linear 

mixed models (PROC MIXED) and repeated measure ANOVAs. Significant interactions 

were further analyzed using Fisher least significance difference tests. Summary residuals 

and fit statistics were examined for marginal and conditional raw and standardized residuals. 

Data in the table and figures are presented as means ± SD unless otherwise indicated. All 

analyses were performed with STATISTICA 13.0 (Tibco; Palo Alto, CA) and SAS 9.3 (SAS 

Institute Inc. Cary, NC) and criterion for statistical significance was P ≤ .05.

Results

Plasma glucose concentration

Compared with the consumption of the placebo drink, alcohol consumption decreased 

plasma glucose concentration both before and after surgery in the RYGB before-after group 

(F(1,4) = 33.9; P < .005); and in the RYGB 1–5 yr group (F(1,7) = 15.3; P < .01). However, 

the alcohol-induced reduction of plasma glucose concentration was smaller (F(1,4) = 10.42; P 
< .05) and glucose nadir was reduced by half (F(1,4) = 33.2; P < .005) after than before 

surgery (Figure 1 and Table 1). Before surgery, alcohol ingestion reduced plasma glucose 

concentration from 25 min after the start of drinking until the end of the test at 210 min. 

However, after surgery, alcohol consumption had a biphasic effect on plasma glucose 

concentration both in the RYGB before-after group (F(12,48) = 9.38; P < .0005) and the 
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RYGB 1–5 yr group (F(12,84) = 26.4; P < .0001) such that compared with the placebo drink, 

alcohol caused a greater initial increase followed by a greater decrease in plasma glucose 

concentrations (Figures 1 and 2). Consequently, plasma glucose peaks after RYGB were 

greater after alcohol than placebo consumption both in the RYGB before-after group (F(1,4) 

= 16.6; P < .05) and the RYGB 1–5 yr. group (F(1,7)= 18.2; P < .005) (Table 1).

Glucose kinetics

Compared with the consumption of the placebo drink, alcohol consumption decreased 

glucose endogenous production both before (F(1,4) = 23.3; P < .001) and after surgery in the 

RYGB before-after group (F(1,4) = 25.2; P < .01); and in the RYGB 1–5 yr group (F(1,7) = 

12.9; P < .01). However, while before surgery alcohol decreased glucose Ra from 15 min 

from start of drinking until the end of the test, after surgery, alcohol did not decrease glucose 

Ra until 45 min from the start of the alcohol ingestion (F(12, 48) = 2.1; P < .05) (Figure 1). 

Similarly, in the RYGB 1–5 yr., alcohol had a biphasic effect such that compared with the 

placebo drink, alcohol caused a greater increase in glucose Ra immediately after drink 

ingestion, and subsequently a greater decrease in glucose Ra (F(12, 84) = 2.3; P < .001) 

(Figure 2).

Discussion

Although the ingestion of a moderate-dose of alcohol does not affect plasma glucose 

concentrations, the ingestion of a high dose can lead to hypoglycemia [11]. We recently 

found that RYGB doubles peak BAC, such that the ingestion of a moderate dose of alcohol 

can result in peak BAC similar to that achieved after an episode of binge or heavy drinking 

[13]. The results from the present study show that despite the effect of RYGB surgery on 

BAC, alcohol-induced reduction of plasma glucose concentrations was smaller, not larger, 

after than before RYGB surgery. The cause of this reduced hypoglycemic effect of alcohol 

after RYGB is likely due to a unique biphasic effect of alcohol ingestion on glucose kinetics, 

characterized by an early increase followed by a subsequent decrease in endogenous glucose 

production rate.

The mechanism responsible for the observed differences in the glucose response to alcohol 

ingestion after than before RYGB surgery is not known. However, because the liver is the 

main organ responsible for both, alcohol metabolism [23] and endogenous glucose 

production (through glycogenolysis and gluconeogenesis) [24], we hypothesize that such 

changes may be due, at least in part, to the impact of faster and higher peak BAC on liver 

metabolism. It is well known that alcohol decreases hepatic glucose production [10, 25–27], 

which likely explained our finding of reduced plasma glucose concentrations for most of the 

time after drinking the alcoholic beverage. However, results from pre-clinical studies show 

that when alcohol is directly infused into the liver it increases plasma glucose by decreased 

glycogenesis and increased glycogenolysis [27, 28]. Changes in liver glycogen and 

triglyceride, like those observed after surgery in a rodent model of RYGB [29] may also play 

a role on the endogenous glucose response to alcohol ingestion.

Our study has several limitations. First, the small number of participants, particularly in the 

longitudinal study (n=5). However, convergent findings from the two small but independent 

Acevedo et al. Page 5

Surg Obes Relat Dis. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



groups of patients evaluated in the study suggest that the biphasic effects of alcohol 

consumption on plasma glucose concentrations and glucose endogenous production are 

likely to be a consequence of RYGB surgery. Second, we did not measure changes in insulin 

and other hormones that play important roles in glycemic control. Studies with larger 

samples, including evaluation of hormonal and neuronal factors affecting glucose control are 

needed to better understand underlying mechanisms of alcohol consumption effects on 

glucose homeostasis in RYGB patients. Third, to avoid confounding effects of sugar 

consumption on glucose kinetics, we prepared alcoholic drinks with a low-caloric sweetener. 

However, alcoholic beverages are frequently consumed along with sugars or food, which 

might result in different effects of alcohol on glycaemia and should be evaluated in future 

studies.

Conclusion

Alcohol ingestion has a unique biphasic effect on circulating glucose in people who have 

had RYGB surgery, manifested by an early increase and subsequent decrease in plasma 

glucose concentration caused primarily by an early increase followed by a subsequent 

decrease in endogenous glucose production rate. Despite a doubling in peak blood alcohol 

concentrations after than before RYGB, ingesting a moderate amount of alcohol did not 

cause a greater decline in plasma glucose concentration after than before RYGB surgery, 

even though peak BAC after surgery was double the value before surgery.
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Highlights

• Alcohol ingestion has a biphasic effect on circulating glucose in RYGB 

patients

• After RYGB, alcohol first increases, then decreases glucose rate of 

appearance

• Having 2 standard drinks does not increase the risk of hypoglycemia after 

RYGB
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Figure 1. 
Effect of ingesting an alcoholic drink (0.5g/kg fat-free mass –FFM-; ~ 2 standard drinks 

over 10 min) (closed symbols) compared with drinking a non-alcoholic version of the same 

drink sprayed with 2 mL of alcohol (placebo, open symbols) on plasma glucose 

concentrations and glucose rate of appearance (Ra) in 5 women before (left panels) and 

10±2 months after RYGB surgery (right panels). The point estimates are mean values. Error 

bars indicate +SEM. *values different from placebo at P < .05. †main effect of alcohol.
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Figure 2. 
Effect of ingesting an alcoholic drink (0.5g/kg fat-free mass –FFM-; ~ 2 standard drinks 

over 10 min) (closed symbols) compared with drinking a non-alcoholic version of the same 

drink sprayed with 2 mL of alcohol (placebo, open symbols) on plasma glucose 

concentrations and glucose rate of appearance (Ra) in 8 women who had RYGB surgery 

2.2±1.2 years earlier (RYGB 1–5 yr group). The point estimates are mean values. Error bars 

indicate +SEM. *values different from placebo at P < .05.
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Table 1

Characteristics of the study participants, changes in glucose and BAC

Mean (SD)

Study 1 (n=5) Study 2 (n=8)

Characteristics Before RYGB After RYGB RYGB 1–5 yr

Age, yr 44.7 (4.6) 45.5 (4.7) 42.5 (8.0)

Weight, kg 109.3 (15.0) 79.1 (19.1)
‡ 80.8 (14.1)

BMI, kg/m2 42.9 (4.7) 31.1 (6.9)
‡ 30.0 (5.2)

FFM, kg 51.4 (5.8) 46.6 (5.8)
†‡ 49.4 (5.7)

Co-morbidities (%)
∥

 Hypertension 40.0 20.0 0.0

 Hypercholesterolemia 20.0 20.0 12.5

 Depression 40.0 40.0 37.5

Menopause Status (%)
∥

 Pre-menopausal 80.0 80.0 62.5

 Post-menopausal 0.0 0.0 12.5

 Uncertain
§ 20.0 20.0 25.0

Glucose Nadir, mg/dl

 Placebo −0.4 (1.0) −1.0 (1.6) −1.0 (1.0)

 Alcohol −9.6 (1.5)
†

−5.5 (2.6)
†‡

−6.3 (3.4)
†

Glucose Peak, mg/dl

 Placebo 5.6 (3.6) 4.4 (2.3) 5.8 (2.5)

 Alcohol 2.6 (2.5)
†

7.7 (4.6)
†

10.7 (4.6)
†

Alcohol-related variables

 Peak BAC (g/L) 0.58 (0.09) 1.23 (0.2)
‡ 1.10 (0.17)

 Time to peak BAC (min)* 36.1 (15.8) 15.0 (0.0)
‡ 15.0 (0.0)

 Area under the BAC-time curve (g·l−1 min) 99.3 (6.7) 173.5 (30.5)
‡ 151.2 (7.2)

SD = standard deviation; RYGB = Roux-en-Y gastric bypass; BMI = Body mass index (calculated as weight in kilograms divided by height in 
meter squared); FFM = fat free mass. BAC = blood alcohol concentration; % = percentage

*
From the time of the first sip of the drink, which was ingested over 10 min.

§
Three patients had hysterectomy. One was on hormone replacement treatment.

∥
The present study is underpowered to detect clinically meaningful difference

Values are represented in means (SD).

†
different from placebo (P < .01).

‡
different from Before RYGB (P <.05)
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