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Abstract

 Objective—The epidemiology of post-gastric bypass surgery hypoglycemia (PGBH) is 

incompletely understood. This study aimed to evaluate the risk of PGBH among nondiabetic 

patients and associated factors.

 Methods—A cohort study of nondiabetic patients who underwent Roux-en-Y gastric bypass 

(RYGB) was conducted. PGBH was defined by any postoperative record of glucose < 60 mg/dL, 

diagnosis of hypoglycemia, or any medication use for treatment of PGBH. Kaplan-Meier analysis 

was used to describe PGBH occurrence, log-rank tests, and Cox regression to examine associated 

factors.

 Results—Of the 1,206 eligible patients, 86% were female with mean age of 43.7 years, mean 

preoperative BMI of 48.7 kg/m2, and a mean follow-up of 4.8 years. The cumulative incidence of 

hypoglycemia at 1 and 5 years post-RYGB was 2.7% and 13.3%, respectively. Incidence of PGBH 

was identified in 158 patients and was associated with lower preoperative BMI (P = 0.048), lower 

preoperative HbA1c (P = 0.012), and higher 6-month percent of excess body weight loss (%EWL) 

(P = 0.001). A lower preoperative HbA1c (HR = 1.73, P = 0.0034) and higher 6-month %EWL 

(HR = 1.96, P = 0.0074) remained independently correlated with increased risk for PGBH in 

multi-regression analysis.

 Conclusions—The 5-year incidence of PGBH among nondiabetic individuals was 13.3% and 

was associated with a lower preoperative HbA1c and greater weight loss at 6 months following 

surgery.
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 Introduction

Bariatric surgery, especially the Roux-en-Y gastric bypass (RYGB), is a highly effective 

treatment for obesity and its comorbidities, such as diabetes (1–4). With growing evidence 

supporting the benefits of RYGB and the increased number of these procedures being 

performed, we are also becoming better aware of its metabolic and nutritional complications.

Unlike hypoglycemia caused by insulinoma or sulfonylurea ingestion, post-gastric bypass 

hypoglycemia (PGBH) occurs exclusively postprandially starting approximately 6 months or 

later following surgery (5,6). While thought to be rare, severe PGBH can be life threatening 

with reports of associated seizure, syncope, and motor vehicle accidents (7,8). The 

mechanisms underlying PGBH are incompletely understood but may include inappropriate 

secretion of insulin and gut hormones, increased beta cell response to oral stimuli, increased 

glucose effectiveness, dysfunction of counter-regulatory hormones such as glucagon, and 

rapid post-weight loss improvement in insulin sensitivity (7–13). In addition, a recent study 

suggested reduced rates of insulin clearance as a contributing factor in PGBH (14). Although 

most cases are successfully treated with low-carbohydrate diet, some cases require medical 

therapies such as acarbose and diazoxide and sometimes even surgical therapies such as 

partial or total pancreatectomy, reduction of gastric pouch size, or reversal of gastric bypass 

(8,15–17).

Reports on the prevalence of PGBH have been limited and contrasting thus far. For example, 

two large studies based on hospitalization record or self-report of PGBH reported a 

prevalence less than 1% (18,19). In contrast, smaller studies using hypoglycemic symptoms 

questionnaire, continuous glucose monitor, or mixed meal tolerance have found that between 

10% and 75% of the subjects were affected by PGBH (20–22).

In order to better evaluate the cumulative incidence of PGBH and associated risk factors, we 

conducted a cohort study of nondiabetic patients who underwent bariatric surgery at 

Geisinger Medical Center.

The Geisinger bariatric program collects a wide range of pre- and postsurgical data, 

providing an excellent resource for exploring the incidence of PGBH and its risk factors in 

greater detail. Our goals in this study were to estimate the incidence of PGBH among 

nondiabetic patients and to determine factors associated with PGBH.

 Methods

This is a single center, retrospective study based on the electronic medical record (EMR) 

data available within the Geisinger Health Systems (Danville, PA, USA). A clinical registry 

for patients with obesity and bariatric surgery patients at Geisinger was established in 2004 

with regularly scheduled data transfers from its EMR to the registry for longitudinal data 

collection. The details of the clinical registry and its interface with the EMR have been 

previously described (23). This study was approved by the Institute Review Boards of the 

Geisinger Medical Center and was reviewed by the Institute Review Boards of the Johns 

Hopkins University School of Medicine. All study participants provided written informed 

consent.

Lee et al. Page 2

Obesity (Silver Spring). Author manuscript; available in PMC 2016 June 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The registry was queried to identify all patients with body mass index (BMI) ≥ 35 kg/m2 

who underwent RYGB at Geisinger Medical Center between 2004 and December 2014. 

From the N = 3097 individuals identified, we excluded patients on diabetes medications 

(biguanides, sulfonylureas, thiazolidinedione, and/or insulin) or with hemoglobin A1c≥ 

6.5%, fasting glucose > 125 mg/dL, or diagnosis of diabetes preoperatively (n = 1,868 

excluded). An additional 23 patients were excluded due to a preoperative diagnosis of 

hypoglycemia. The final analytical sample included 1,206 individuals.

Preoperative data available included demographics, BMI, clinical diagnoses such as diabetes 

or hypoglycemia, medications, and laboratory data such as hemoglobin A1c, serum glucose, 

and fasting insulin. Among those with concurrent fasting glucose and fasting insulin data (N 
= 502), we calculated insulin resistance using the following homeostasis model assessment 

insulin resistance (HOMA-IR) formula: fasting serum insulin (μU/mL) × fasting plasma 

glucose (mmol/L)/22.5 (24). During the immediate postoperative period, the percent of 

excess body weight loss (%EWL) and percent of initial body weight loss (%IBWL) at 6 

months after surgery were calculated using methods described elsewhere (25).

We defined PGBH using EMR data, as: 1) measured glucose less than 60 mg/dL, 2) any 

postoperative outpatient or inpatient encounter with a diagnosis of hypoglycemia as defined 

by ICD9 code 251.0 (hypoglycemic coma), 251.1 (other specified hypoglycemia), or 251.2 

(hypoglycemia, unspecified), or 3) prescription order or active medication use for treatment 

of PGBH occurring at least 1 month after surgery (acarbose, glucagon, diazoxide, 

octreotide). Severe hypoglycemia was defined as: any glucose <40 mg/dL, any visit to 

emergency room or hospitalization due to hypoglycemia, or gastric bypass reversal due to 

hypoglycemia.

Kaplan-Meier analysis was used to estimate the cumulative incidence of PGBH. Kaplan-

Meier analysis and log-rank tests were used to determine if the risk of hypoglycemia was 

associated with age, sex, preoperative BMI, preoperative hemoglobin A1c, HOMA-IR, 

initial 6-month %EWL, and/or 6-month %IBWL after RYGB surgery. For this analysis, 

continuous variables were categorized according to known clinical cutoff values (i.e., 

preoperative BMI), or according to distribution tertiles if clinical cutoffs are unknown 

(HOMA-IR, %EWL, %IBWL), or a combination of clinical cutoffs and distribution tertiles 

(i.e., hemoglobin A1c). Cox regression was used to determine if preoperative characteristics 

were independently associated with PGBH after adjusting for age, sex, and preoperative 

BMI. Due to the small number of severe hypoglycemia cases, we only present an analysis 

for the outcome of any hypoglycemia. SAS version 9.4 was used for statistical analysis and 

P values < 0.05 were considered significant.

 Results

Among the entire study cohort (N = 3,097), we limited our analysis to the 1,206 (39%) 

individuals without pre-existing diabetes and without a preoperative diagnosis of 

hypoglycemia. The mean age was 43.7 years and 86% were female (Table 1). Mean follow-

up for the entire study cohort was 4.8 years (range: <0.1–11.2 years).

Lee et al. Page 3

Obesity (Silver Spring). Author manuscript; available in PMC 2016 June 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Of the 1,206 patients, 158 patients (13.1%) met at least one of the following criteria for 

hypoglycemia after surgery: diagnosis of hypoglycemia (N = 92), postoperative glucose less 

than 60 mg/dL (N = 77), new use of medications associated with PGBH such as acarbose 

and diazoxide (N = 23 total including 9 with octreotide, 8 with acarbose, 5 with glucagon, 

and 1 with a combination of diazoxide, acarbose, and glucagon). We did not find any patient 

who underwent revision of bariatric surgery due to hypoglycemia. Most patients (n = 127, 

80%) qualified by meeting only a single criterion (Table 2). Of the 158 patients identified 

with hypoglycemia, 8 (5%) met at least one of the following two criteria for severe 

hypoglycemia: glucose <40 (N = 7) or emergency room or hospitalization due to 

hypoglycemia (Table 2).

The lost to follow-up rate was calculated by the number of patients who underwent bariatric 

surgery within the period of interest and have missing follow-up data divided by the number 

of patients who underwent bariatric surgery and eligible for further follow-up (i.e., patients 

who underwent RYGB at least 1 month ago and without evidence of PGBH by the end of 

the period of interest). We found an increasing rate of lost to follow-up: 1.1% at Year 1, 

11.4% at Year 2, 20.2% at Year 3, 24.5% at Year 4 and 27.9% at Year 5. At their last follow-

up (Year 5), the 158 cases in the hypoglycemia group had a mean BMI of 31.5 kg/m2. This 

is similar to the 1,052 patients without evidence of hypoglycemia (mean = 33.9 kg/m2 at 

their last follow-up).

The Kaplan-Meier estimate of the cumulative incidence for any hypoglycemia occurrence at 

1, 3, and 5 years post-gastric bypass surgery was 2.7%, 10.0%, and 13.3%, respectively. The 

estimates for severe hypoglycemia were relatively low (0.1% at 1-year, 0.3% at 3-years, and 

0.7% at 5-years). The Kaplan-Meier curves demonstrating the interval until the occurrence 

of postoperative hypoglycemia (any and severe) are shown in Figure 1.

Log-rank analysis indicated that the time until hypoglycemia occurrence was not associated 

with age (P = 0.816), sex (P = 0.223), HOMA-IR (P = 0.926), or %IBWL (P = 0.369) (Table 

3). In contrast, in this univariate analyses, lower preoperative hemoglobin A1c (P = 0.012, 

Figure 2A), lower preoperative BMI (P = 0.048; Figure 2B), and higher 6-month %EWL (P 
= 0.001; Figure 2C) were associated with increased risk of any hypoglycemia. In 

multivariate analyses, lower preoperative hemoglobin A1c and higher 6-month %EWL were 

again significantly associated with increased risk of any hypoglycemia: after adjusting for 

age, sex, and preoperative BMI, there was an increased risk for PGBH associated with lower 

preoperative hemoglobin A1c (hazard ratio 1.73, CI:1.20, 2.50, P = 0.0034, when A1c of 

<5.5% compared to A1c between 5.7% and 6.4%) and largest 6-month %EWL (hazard ratio 

1.96, CI: 1.20, 3.20, P = 0.0074, when EWL of ≥75% compared to <60%). On the other 

hand, lower preoperative BMI was no longer associated with increased risk of any 

hypoglycemia after adjusting for age, sex, preoperative hemoglobin A1c, and 6-month 

%EWL (Table 4).

 Discussion

In a study of 1,206 individuals without diabetes undergoing RYGB surgery, we found 

incidence of PGBH of 2.7% and 13.3% at 1 and 5 years, respectively. We found fewer cases 
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when we limited our hypoglycemia cases to severe hypoglycemia as defined by glucose 

lower than 40 mg/dL or requiring emergency room visit or hospitalization; the incidence of 

severe PGBH was 0.1% and 0.7% at 1 and 5 years after surgery, respectively. Low 

preoperative hemoglobin A1c (<5.5%) and increased 6-month weight loss (≥ 75% EWL) 

were significantly and independently associated with increased risk of any hypoglycemia 

after gastric bypass surgery.

Marsk et al. (n = 5,040 of which 1,013 had pre-existing diabetes) used inpatient 

hospitalization ICD codes without further details such as laboratory data or outpatient 

records to define PGBH. After a median follow-up period of 2.7 years, the study’s estimated 

incidence of PGBH was 0.2%, which is similar to our data on the incidence of severe PGBH 

(18). Sarwar et al. (n = 145,500) used self-reported data to define PGBH and estimated a 

0.02% incidence of PGBH among patients not on diabetes medications or insulin prior to 

surgery (n = 145,500) (19). These findings match the low incidence of severe hypoglycemia 

in our study, thus suggesting that severe hypoglycemia associated with neuroglycemic 

symptoms and requirement for assistance is rare after bariatric surgery.

In contrast, nonsevere hypoglycemia may be more common as suggested by more recent 

studies and the results of our study. In our previous survey study (n = 450 of which 36% had 

preexisting diabetes), we found that up to a third of patients who underwent bariatric surgery 

reported symptoms of hypoglycemia (20). A study by Abrahamsson et al. (N = 30) observed 

that post-gastric bypass patients (mean preoperative hemoglobin A1c 5.4%) spent more time 

in hypoglycemia as defined by glucose less than 60 mg/dL (2.9% compared to none in 

nondiabetic overweight controls) as captured by continuous glucose monitoring during three 

days of normal activities (26). In addition, Kefurt and colleagues observed hypoglycemic 

episodes in 30 out of 40 asymptomatic post-RYGB patients who underwent continuous 

glucose monitoring during 5 days of normal activities (21). Furthermore, we observed in our 

study cohort that the number of PGBH cases increase from 13.1% to 16.9% at 5 years if we 

use a broader definition of PGBH used in previous studies by including any inpatient or 

emergency department visit due to syncope or confusion or any record of postoperative 

outpatient or inpatient visit due to dumping syndrome (18). These studies together with our 

findings suggest that PGBH is likely under-recognized and underestimated.

While the clinical implication of severe hypoglycemia after bariatric surgery is clear (e.g., 

syncope, seizure, death), it is less clear for nonsevere hypoglycemia. However, emerging 

evidence suggests an adverse impact of nonsevere and asymptomatic hypoglycemia; a recent 

study demonstrated a link between asymptomatic hypoglycemia and increased susceptibility 

to cardiac arrhythmia among patients with diabetes (27). Another study showed that insulin-

induced hypoglycemia (glucose < 40 mg/dL) in healthy adults correlated with increased 

proinflammatory cytokines, markers of lipid peroxidation, reactive oxygen species, and 

leukocytosis (28). Given that the long-term effect of bariatric surgery on all-cause and 

cardiovascular mortality appears favorable, nonsevere hypoglycemia is less likely to be 

contributing to mortality outcomes after bariatric surgery (29). However, further studies on 

the clinical impact of nonsevere hypoglycemia may be warranted on other outcomes of 

bariatric surgery such as long-term diabetes complications, quality of life, and weight 

maintenance.
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To our knowledge, this is the first study that demonstrated a strong, independent correlation 

between lower preoperative hemoglobin A1c and greater weight loss at 6 months after 

surgery with increased risk for PGBH among those without diabetes. In contrast, a lower 

preoperative BMI was associated with increased risk for PGBH in our initial univariate 

analysis but was no longer statistically significant (and showed an attenuated effect size) 

after adjustment for age, sex, preoperative hemoglobin A1c, and 6-month %EWL, 

suggesting that the effect of lower preoperative BMI on PGBH was confounded by these 

other clinical factors. A lower preoperative hemoglobin A1c may be a surrogate marker of 

normal beta cell function compared to those with a higher preoperative hemoglobin A1c in 

the prediabetic range. This finding agrees with the previous study that reported an increased 

risk for PGBH in the absence of pre-existing diabetes, suggesting a normal beta cell function 

at baseline as a potential risk factor for PGBH (20). Also, a more rapid loss of weight after 

surgery may increase the risk of PGBH by unmasking the preoperative beta cell 

hyperfunction or hypertrophy developed with prior obesity. However, beta cell hypertrophy 

as the underlying mechanism behind PGBH is controversial (8,11). Interestingly, there was 

no association between preoperative insulin resistance as measured by HOMA-IR and the 

risk of PGBH among a subset of patients who had preoperative HOMA-IR measured (42%) 

possibly due to insufficient sample size. Further studies are needed to define the 

characteristics of patients at an increased risk of PGBH.

The strength of this study lies in the use of the large, comprehensive, longitudinal database 

of the Geisinger Healthcare System, which provides extensive clinical data pre-and post-

gastric bypass surgery as well as sufficient long-term follow-up needed to identify PGBH 

and its risk factors. The limitations include the use of EHR-based algorithm to identify 

PGBH cases, which limits our ability to identify PGBH cases to care received at Geisinger 

Medical Center. It is also plausible that we may have under-or overestimated the number or 

seriousness of PGBH cases given the lack of individual chart reviews, unknown timing of 

the blood glucose measurement in relationship to food, and lack of correlation with any 

symptoms of hypoglycemia, or dynamic glucose measurements such as continuous glucose 

monitor or meal tolerance tests. However, we evaluated various clinical factors such as 

ICD-9 codes associated with PGBH in the context of visits to the emergency room, 

outpatient clinic or hospitalization as well as clinical data including laboratory 

measurements of serum glucose and new medication data following the surgery over a 

median follow-up period of 4.5 years, which provides a unique, detailed view into PGBH in 

a large cohort. Our follow-up data were limited by an increasing number of individuals lost 

to follow-up, which in turn could lead to selection bias. Our HOMA-IR data were limited to 

502 (42%) individuals who had fasting glucose, and fasting insulin measurements.

In conclusion, post-bariatric surgery hypoglycemia may occur more frequently than 

previously thought, affecting up to one in eight non-diabetic patients at 5 years after surgery. 

A lower preoperative hemoglobin A1c and faster weight loss after surgery conferred an 

increased risk for post-bariatric surgery hypoglycemia, suggesting the contribution of 

normal presurgical beta cell function and potential improvement in insulin sensitivity 

following more rapid postsurgical weight loss in development of PGBH. Further studies are 

needed to confirm these findings in a prospective study that utilizes frequent, dynamic blood 

glucose measurements such as continuous glucose monitoring before and after bariatric 
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surgery with a longer follow-up period. In addition, a better tool to predict an individual’s 

risk of developing post-bariatric surgery hypoglycemia would be clinically helpful. 

Ultimately, a better understanding of the epidemiology and mechanism of post-bariatric 

surgery hypoglycemia and its risk factors will enhance the ability of clinicians to better 

screen and counsel patients prior to bariatric surgery to minimize their risk of developing 

post-bariatric surgery hypoglycemia.
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Figure 1. 
Kaplan-Meier analysis of incidence of post-gastric bypass hypoglycemia from 0–5 years 

after surgery.
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Figure 2. 
Percent with post-gastric bypass hypoglycemia by (A) hemoglobin A1c categories, (B) BMI 

categories, and (C) 6-month %EWL categories.
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TABLE 1

Baseline characteristics of 1,206 nondiabetic patients who underwent gastric bypass at Geisinger Medical 

Center

Mean (SD)
[Range]

Overall population, N = 
1,206

Incident hypoglycemia, N = 
158 No hypoglycemia, N = 1,048 P value

Age 43.7 (10.5)
[18, 72]

44.0 (10.1)
[18, 68]

43.6 (10.6)
[19, 72]

0.665a

Sex

 Female % (n) 86% (n = 1,032) 91% (n = 139) 85% (n = 893) 0.076b

 Male % (n) 14% (n = 174) 9% (n = 15) 15% (n = 159)

Preoperative BMI 48.7 (8.2)
[35.0, 94.3]

47.1 (7.3)
[35.0, 75.0]

49.0 (8.3)
[35.0, 94.3]

0.0094a

Preoperative HbA1c  5.6 (0.4)
[4.1, 6.4]

5.5 (0.3)
[4.4, 6.4]

5.6 (0.4)
[4.1, 6.4]

0.0010a

Follow-up time (years) 4.8 (2.8)
[<0.1, 11.2]

6.1 (2.3)
[0.9, 11.2]

4.6 (2.8)
[<0.1, 11.1]

<0.0001a

6-month postsurgical EWL 
(%)*

68.5 (18.3)
[22.0, 147.9]

72.4 (19.1)
[29.3, 147.9]

67.9 (18.1)
[22.0, 142.3]

0.0040a

6-month postsurgical IBWL 
(%)*

 29.7 (5.5)
[7.2, 51.1]

30.1 (5.8)
[13.8, 51.1]

29.6 (5.5)
[7.2, 47.4]

0.301a

Pre-op HOMA-IR* 4.3 (2.8)
[0.5, 31.7]

4.3 (2.7)
[0.9, 15.9]

4.3 (2.8)
[0.5, 31.7]

0.948a

*
HOMA-IR was available for 502 patients (58 with hypoglycemia and 444 without hypoglycemia). 6-month %EWL and 6-month %IBWL were 

available for 1,186 patients (158 with hypoglycemia and 1,028 without hypoglycemia).

a
Two-sample t-test.

b
Chi-square test.

BMI: body mass index; HOMA-IR: homeostasis model assessment insulin resistance; EWL: excess weight loss; IBWL: initial body weight loss.
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TABLE 2

Criteria used to identify 158 patients with post-gastric bypass hypoglycemia (PGBH)

Number of PGBH cases Number of severe cases

Patients identified by one criterion (N = 127)

Diagnosis only

 ICD9 251.2 55 0

 ICD9 251.1   6 0

 ICD9 251.1 and 251.2   4 0

 ICD9 251.0 and 251.2   1 0

Glucose<60 only 54 4

Medication only

 Octreotide   4 0

 Glucagon   3 0

Patients identified by two criteria (N = 28)

Diagnosis and glucose<60

 ICD9 251.2 and glucose<60 14 2

 ICD9 251.1 and 251.2 and glucose<60   1 0

Diagnosis and medication

 ICD9 251.2 and acarbose   6 0

 ICD9 251.1 and acarbose   1 0

 ICD9 251.1 and 251.2 and glucagon   1 0

Glucose<60 and medication

 Glucose<60 and octreotide   5 1

Patients identified by three criteria (N = 3)

Diagnosis and glucose<60 and medication

 ICD9 251.2 and glucose<60 and glucagon   1 0

 ICD9 251.2 and glucose<60 and acarbose   1 0

 ICD9 251.1 and 251.2 and glucose<60 and glucagon and acarbose and diazoxide   1 1

TOTAL 158  8
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TABLE 4

Cox regression results for presence of any hypoglycemia using preoperative characteristics and postoperative 

6-month weight loss

HR 95% CI P value

HbA1c

 <5.5 1.73 [1.20, 2.50] 0.0034

 5.5–5.6 1.37 [0.89, 2.11] 0.148

 5.7–6.4 Reference

6-month %EWL

 <60% Reference

 60–74% 1.38 [0.87, 2.19] 0.170

 75%+ 1.96 [1.20, 3.20] 0.0074

Age

 18–39 Reference

 40–54 1.20 [0.84, 1.72] 0.320

 55+ 1.24 [0.75, 2.04] 0.400

Sex

 Male Reference

 Female 1.23 [0.74, 2.05] 0.430

BMI

 35–39 1.39 [0.57, 3.39] 0.468

 40–49 1.03 [0.49, 2.17] 0.935

 50–59 1.10 [0.54, 2.25] 0.799

 60+ Reference

EWL: excess weight loss; BMI: body mass index.
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