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Abstract
Objectives: The frequency of postprandial hypoglycaemia after different operative proce-
dures of bariatric surgery (BS) is unknown, although this complication is potentially danger-
ous. Predictors and severity of hypoglycaemia after Roux-en-Y gastric bypass (RYGB), sleeve 
gastrectomy, and gastric banding were investigated in a large prospective study. Methods: 
This study was performed at an excellence centre for BS at a tertiary care institution. Data of 
333 patients (mean BMI: 44.9 ± 9.6 kg/m2; mean age: 40 ± 10 years; 80.7% women) were ana-
lysed in a prospective study with a 2-year observation period after BS. All patients underwent 
a 2-hour oral glucose tolerance test (OGTT) with measurements of blood glucose (BG) and 
insulin. For the purpose of this study, hypoglycaemia was defined as a post-challenge BG  
< 2.8 mmol/L during the OGTT. Results: 72 (25.6%) of 281 patients showed post-challenge 
hypoglycaemia after surgery. Hypoglycaemia was different after various procedures: 32.6% 
of patients after RYGB, 22.6% after sleeve gastrectomy, but only 2.3% after gastric banding 
had hypoglycaemia. In the whole group, patients with hypoglycaemia had lost more weight 
(p = 0.013), had a slightly greater decrease in BMI (p = 0.037), a greater change in 2-hour post-
challenge BG (p = 0.001), and a smaller change in 1-hour post-challenge insulin (p = 0.004) 
compared to patients without hypoglycaemia. Conclusion: This prospective study shows a 
higher prevalence of severe hypoglycaemia (25.6%) after BS than anticipated from retrospec-
tive registers. A systematic evaluation of glucose and insulin levels by OGTT 2 years post-
surgery may help to identify patients at increased risk for symptomatic and asymptomatic 
hypoglycaemia. © 2019 The Author(s)
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Introduction

Bariatric surgery (BS) is now a common and effective treatment for patients with morbid 
obesity [1]. In a Swedish registry by Marsk and colleagues [2], patients had a two-fold to 
seven-fold relative risk for developing severe hypoglycaemia after gastric bypass surgery, 
although the absolute risk might be estimated low with a reported prevalence of 0.2%. 
However, register studies succumb to their inherent methodological problems – especially 
bias regarding reported and unreported events. In addition, the frequency of hypoglycaemia 
after bariatric procedures, which are regarded as being more modern, such as sleeve 
gastrectomy, is not well known [3].

BS is a recognised method to treat type 2 diabetes in morbidly obese patients [4]. It seems 
logical to associate post-surgery hypoglycaemia with type 2 diabetes, but large studies have 
demonstrated that hypoglycaemia after BS occurs independently from the preoperative 
diabetic state [2].

The increase in publications on post-gastric bypass hypoglycaemia cases following the 
initial 2005 report, together with the increasing use of BS, suggests that this complication 
may not be rare [3, 5]. Goldfine et al. [6] raised the suspicion that the frequency of asymp-
tomatic and symptomatic hypoglycaemia after BS might be up to 30%. In addition, the wide 
range in severity underscores the critical need to gain better knowledge of the true incidence 
of this complication [6, 7].

Therefore, we conducted a large longitudinal prospective study in patients with morbid 
obesity before and after different procedures of BS to investigate the individual frequency of 
hypoglycaemia.

Methods

Study Design and Patients
A total of 333 patients who fulfilled the criteria for BS were admitted to the outpatients 

department for obesity and consented to take part in a follow-up trial. Due to a strict follow-
up regime (minimum two visits annually), only 15.6% (n = 52) of the patients were lost 
during follow-up. Thus, 281 patients with morbid obesity (mean BMI: 44.9 ± 9.6 kg/m2; 
mean age: 40 ± 10 years; 80.7% women) were available with complete data for analysis and 
were investigated before and 2 years after BS. 62.3% (n = 175) of the patients underwent 
laparoscopic Roux-en-Y gastric bypass surgery (RYGB), 22.1% (n = 62) had a sleeve 
gastrectomy, and 15.6% (n = 44) gastric banding. Surgery had been indicated according to 
the guidelines of the National Institutes of Health consensus statement for surgery in severe 
obesity (1992). Patients were systematically referred to a multidisciplinary team for medical, 
psychological, nutritional, and surgical expertise at the Outpatients Unit for Morbid Obesity 
of Rudolfstiftung Hospital, Vienna. Exclusion criteria for operation were as described previ-
ously [8]. In addition, patients with known diabetes before BS were not eligible. All patients 
attended the postoperative care follow-up programme organised by the multidisciplinary 
team.

Analyses
Anthropometric measurements as well as dietary and exercise habits were taken from 

all patients. Blood samples were taken after an overnight fast. All patients underwent a 2-hour 
75-gram oral glucose tolerance test (OGTT) to evaluate post-challenge hypoglycaemia and 
prevalence of pre-/diabetes pre- and post-surgery. Blood glucose was measured by enzy-
matic in vitro tests (Roche Diagnostics GmbH, Graz, Austria). Insulin levels were measured by 
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chemiluminescence immunoassay. Glycosylated haemoglobin (HbA1c) was measured by 
high-performance liquid chromatography (Diamat, Bio-Rad, Hercules, CA, USA).

Symptoms of Hypoglycaemia
Before OGTT, a questionnaire was handed out to the patients with typical symptoms of 

hypoglycaemia, such as sweating, dizziness, weakness or exhaustion, a general feeling of 
sickness, nausea, and hunger. Since no questionnaire for hypoglycaemia in patients without 
diabetes is validated and available in German, we developed our own questionnaire based on 
the knowledge and experience of all authors. A translated version can be found in the online 
appendix (for all online suppl. material, see www.karger.com/doi/10.1159/000493735). 
During the OGTT, the patients were asked to report their symptoms, if present. Patients were 
encouraged to ask the medical staff in case of not understanding a question. Therefore, the 
return rate was 92%. In addition, medical staff neither participating in the study nor in the 
analysis was available for the patients to discuss the symptoms for clarification.

Mixed Meal Tolerance Test
To validate our results obtained from the OGTT, we randomly selected a subset of 14 

patients, whose parameters did not differ from the total study cohort. In those patients, our 
conventional 2-hour OGTT as well as a 2-hour mixed meal tolerance test (MMTT) were 
performed. On the first day, an OGTT was performed and was followed after a 1-day break by 
a 2-hour MMTT. For the MMTT, we used one bottle of Ensure plus® (Abbott, Abbott Park, IL, 
USA) for each patient.

Calculations and Statistics
Hypoglycaemia was defined as a blood sugar < 2.8 mmol/L during the OGTT [9]. Homeo-

stasis Model Assessment of Insulin Resistance (HOMA-IR) was calculated as described previ-
ously [10]. Insulin was converted from units of µU/mL to pmol/L using the conversion factor 
6.945, and glucose was converted from units of mg/dL to mmol/L by dividing by 18 where 
required when calculating the insulin secretory and insulin sensitivity indices. Insulinogenic 
index (IGI), defined as the ratio of difference in fasting to 60-min insulin to glucose values = 
(ΔI0–60/ΔG0–60) as well as 120-min insulin to glucose values = (ΔI0–120/ΔG0–120) [11]. Data are 
shown as median (25th–75th percentile). Differences were analysed by Mann-Whitney, 
Wilcoxon, or Kruskal-Wallis test as appropriate. An α level of p < 0.05 was considered signif-
icant. Statistical analyses were performed with SPSS 22.0 (IBM Corporation, Armonk, NY, 
USA).

Results

Two years after BS, in the whole cohort, weight had decreased by 31% of the total body 
weight and BMI decreased by 30%. Risk markers such as blood pressure, glucose, and insulin 
levels decreased significantly post-surgery (see online suppl. Table S1).

We investigated patients with different operation techniques: 62.3% (n = 175) underwent 
laparoscopic RYGB surgery, 22.1% (n = 62) sleeve gastrectomy, and 15.6% (n = 44) gastric 
banding. The metabolic and anthropomorphic effects of the three different methods are 
depicted in online supplementary Table S1: while the glucose levels of the 2-hour OGTT did 
not differ pre-surgery (p = 0.086), we found a significant difference in 2-hour glucose levels 
between gastric bypass (3.2 [2.4, 4.2] mmol/L), sleeve gastrectomy (3.7 [2.8, 5.5] mmol/L), 
and gastric banding (4.6 [3.8, 6.1] mmol/L) (p < 0.0001).
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Overall, hypoglycaemia was observed in 72 (25.6%) of our 281 patients after OGTT post-
surgery. None of our patients had fasting glucose values lower than 2.8 mmol/L. Regarding 
the different surgical procedures, hypoglycaemia was observed in 57 patients (32.6%) in the 
group that underwent gastric bypass surgery (n = 175) and in 14 patients (22.6%) in the 
sleeve gastrectomy group (n = 62) (each post-surgery). By contrast, only 1 patient (2.3%) 
presented with hypoglycaemia in the gastric banding group (n = 44).

In Figure 1A–H, the different glucose and insulin levels pre- and post-surgery in all 
patients (A, B), as well as the three different operation techniques are shown: gastric bypass 
(C, D), sleeve gastrectomy (E, F), and gastric banding (G, H). As depicted in online supple-
mentary Table S1, 2-hour glucose levels in patients post-gastric bypass were the lowest 
compared with other procedures: gastric bypass versus sleeve gastrectomy versus gastric 
banding: 3.2 (2.4, 4.2) versus 3.7 (2.8, 5.5) versus 4.6 (3.8, 6.1) mmol/L, p < 0.001.

Post-operative patients with and without hypoglycaemia did not differ in weight, BMI, 
waist circumference, or HOMA-IR. Online supplementary Figure S1 demonstrates glucose 
levels dynamically throughout the OGTT between patients with and without hypoglycaemia 
according to their type of operation.

Differences in MMTT versus OGTT
In 14 randomly selected subjects, we compared parameters of glucose metabolism 

between the OGTT and the MMTT. OGTT versus MMTT: fasting glucose: 4.5 (4.3–4.7) mmol/L 
versus 4.5 (4.3–5.1) mmol/L, p = 0.624; 1-hour glucose: 6.7 (5.9–8.8) mmol/L versus 7.4 
(4.2–8.4) mmol/L, p = 0.433; 2-hour glucose: 2.8 (2.3–4.7) mmol/L versus 2.3 (1.6–3.5) 
mmol/L, p = 0.022; fasting insulin: 42 (33–60) pmol/L versus 39 (28–72) pmol/L, p = 0.701; 
1-hour insulin: 870 (297–1,211) pmol/L versus 680 (335–1,273) pmol/L, p = 0.878; 2-hour 
insulin: 66 (38–285) pmol/L versus 46 (37–84) pmol/L, p = 0.929.

Symptoms of Hypoglycaemia
Before surgery, none of the patients reported hypoglycaemic events or related symptoms 

during oGTT or in daily life. After surgery, 73 percent of all patients had symptoms of hypo-
glycaemia during OGTT. The most common symptoms were dizziness (81%), weakness 
(79%), and a feeling of general sickness (71%). The majority of patients (84%) with hypogly-
caemia during OGTT reported that they had already had similar symptoms several times at 
home. Almost all of them reacted instinctively at home by eating carbohydrates and quickly 
feeling better afterwards. In addition, 10% of the patients who reported hypoglycaemic 
symptoms under daily life conditions did not show hypoglycaemia during the OGTT.

Differences in Patients with or without Hypoglycaemia before BS
Patients who presented with hypoglycaemia after BS differed from patients without 

hypoglycaemia after BS before undergoing surgery in age (39 [29 to 45] vs. 41 [37 to 51] 
years; p = 0.014) and 2-hour post-challenge blood glucose values (5.5 [5.0 to 7.2] mmol/L vs. 
6.9 [5.9 to 8.1] mmol/L; p = 0.001). Weight, BMI, waist circumference, HbA1c, HOMA-IR, and 
insulin levels did not differ significantly for those with versus without hypoglycaemia (see 
online suppl. Table S2).

Fig. 1. Glucose and insulin levels in all patients (A, B), patients with gastric bypass (C, D), sleeve gastrectomy 
(E, F), and gastric banding (G, H). Data are shown in mean ± standard deviation for simplification. The solid 
lines visualise the different dynamic changes of glucose and insulin levels pre- and the dashed lines post-
surgery in between the different surgical procedures.
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Differences in Patients with or without Hypoglycaemia after BS
Patients who presented with hypoglycaemia after BS differed from patients without 

hypoglycaemia after BS after surgery in weight (87 [79 to 102] vs. 90 [74 to 99] kg; p = 0.012) 
and BMI (30 [27 to 35] vs. 32 [27 to 35]; p = 0.001).

Regarding the OGTT, patients presenting with hypoglycaemia (2-hour post-challenge 
blood glucose: 2.3 [2.0 to 2.6] mmol/L vs. 3.9 [3.3 to 4.7] mmol/L; p < 0.001) also had lower 
fasting blood glucose (4.3 [4.2 to 4.5] mmol/L vs. 4.5 [4.3 to 4.8] mmol/L; p < 0.001), fasting 
insulin levels (49 [35 to 63] pmol/L vs. 56 [35 to 69] pmol/L; p < 0.001), 2-hour post-chal-
lenge insulin levels (69 [35 to 97] pmol/L vs. 90 [49 to 167] pmol/L; p < 0.001), and HOMA-IR 
(1.4 [0.9 to 1.7] vs. 1.5 [1.1 to 2.2]; p < 0.001), but significantly higher 1-hour post-challenge 
insulin levels (729 [451 to 1,743] pmol/L vs. 660 [319 to 1,000] pmol/L; p < 0.001) versus 
those without hypoglycaemia (see online suppl. Table S2).

Differences of the Change Pre-/Post-Surgery in Patients with and without Hypoglycaemia
Patients presenting with hypoglycaemia had greater decreases in body weight (43 [36 to 

48] vs. 40 [33 to 48] kg; p = 0.013) and BMI versus those patients without hypoglycaemia 
(14.7 [12.6 to 16.6] vs. 13.9 [11.3 to 17.1]; p = 0.037). Regarding OGTT, patients with hypo-
glycaemia had a greater change in 2-hour post-challenge blood glucose values (3.6 [2.8 to 5.3] 
mmol/L vs. 3.1 [1.7 to 4.4] mmol/L; p = 0.001) and a smaller change in 1-hour post-challenge 
insulin levels (49 [–222 to 653] pmol/L vs. 42 [–326 to 708] pmol/L; p = 0.004) versus those 
patients without hypoglycaemia (see online suppl. Table S2).

Insulin Indices
The area under the curve (AUC) is significantly different before and after surgery in the 

whole group in glucose (898.0 ± 264.9 mmol/L/min2 vs. 707.6 ± 166.5 mmol/L/min2; p < 
0.001) and insulin (10,971 [7,108 to 16,510] µU/mL/min2 vs. 5,664 [3,587 to 9,564] µU/mL/
min2; p < 0.001). Patients with hypoglycaemia had significant differences in the glucose AUC 
compared with patients without after surgery (672 ± 159 mmol/L/min2 vs. 741± 189 
mmol/L/min2; p = 0.007), but there were no differences before surgery (855 ± 217 mmol/L/
min2 vs. 913 ± 278 mmol/L/min2; p = 0.145). Regarding insulin AUC after surgery, again 
patients with hypoglycaemia had significant differences compared with patients without 
(7,091 [5,680 to 14,091] µU/mL/min2 vs. 5,386 [3,441 to 8,550] µU/mL/min2; p < 0.001), but 
no difference could be shown before surgery (11,116 [6,225 to 16,043] µU/mL/min2 vs. 
10,887 [7,284 to 16,433] µU/mL/min2; p = 0.699).

Regarding the IGI, we could not find a significant difference before surgery – neither in 
the IGI60 (p = 0.442) nor in the IGI120 (p = 0.147) – in patients with compared to patients 
without hypoglycaemia after surgery. But we were able to detect a significant difference in 
the IGI after BS: patients with hypoglycaemia had a higher IGI60 compared to patients without 
hypoglycaemia (263 [149, 417] vs. 160 [67, 319]; p = 0.002) and a lower IGI120 (–4 [–23, 1] 
vs. 8 [–31, 119]; p = 0.013).

Discussion

In this prospective study, we demonstrated that after BS, 25.6% of all our patients and 
32.6% of those who underwent a gastric bypass procedure experience hypoglycaemia  
(< 2.8 mmol/L) following an ingestion of 75 gms of glucose. To date, BS is regarded as the 
most successful procedure for long-term weight loss and is recognised as a valid option for 
the treatment of morbid obesity itself but also for the treatment of type 2 diabetes in 
morbidly obese patients [12]. The overwhelming success of BS in treating morbid obesity 
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might lead to a general neglect of potential and serious side effects. Marsk and colleagues 
[2] first demonstrated an increased likelihood of hospitalisation due to hypoglycaemia 
after BS. The absolute risk was only 0.2%. The advantage of their study is the high number 
of patients, but the disadvantage of their register study is that patients were not chal-
lenged for hypoglycaemia. As Marsk and colleagues [2] looked at diagnostic codes at hospi-
talisation only, it is plausible – as Patti and Goldfine [5] proposed in their review – that the 
authors underestimated the prevalence of hypoglycaemia [3, 6]. While episodes of severe 
hypoglycaemia are detected infrequently, the prevalence of low glucose values is rela-
tively common and varies greatly, between 10.4 and 68% [13–15]. This variability depends 
on the glycaemic load (from 30 gms of glucose in a test meal to 100 gms in OGTTs) and on 
the thresholds used to define hypoglycaemia. We have used 75 gms in the OGTT and as 
threshold < 2.8 mmol/L defining post-challenge hypoglycaemia in order to exclude mild 
hypoglycaemic events. Pigeyre et al. [16] found a prevalence of hypoglycaemia of 10.4% 
after RYGB; however, they studied patients already after 1 year, whereas our follow-up 
study was done 2 years after BS. The difference in prevalence between the study of Pigeyre 
et al. [16] and ours might be explained by the fact that the frequency of hypoglycaemia 
gradually increases over time.

Our observation of a high rate of hypoglycaemic events after glucose load is in line with 
a previous small pilot study, in which 36 patients underwent a 100 gms OGTT at least 6 
months after gastric bypass. In this study, Roslin and colleagues [14] demonstrated that 72% 
(n = 26) had evidence of reactive hypoglycaemia (defined as 2-hour post-glucose load blood 
glucose ≤3.3 mmol/L). In contrast to our study, the sample size was small and one-third of 
the patients had diabetes before surgery [14]. In addition, a small pilot study published by 
Abhramsson et al. [17] using CGMS measurements in daily life for 3 days demonstrated that 
patients after gastric bypass as well as duodenal switch spent 2.9% time and 5.9% time, 
respectively, in hypoglycaemia. In contrast, Kefurt et al. [18] performed CGMS measurements 
in 40 patients and demonstrated a much higher frequency of hypoglycaemia (threshold used 
was 3.05 mmol/L) under real-life conditions (75% of the patients) 86 months after laparo-
scopic gastric bypass surgery.

Up to now, only a few studies have investigated hypoglycaemia after sleeve gastrectomy. 
There is increasing evidence that patients have an accelerated gastric emptying after sleeve 
gastrectomy [19, 20]. Recently, an MRI study was performed to evaluate the motility of the 
gastric sleeve by using dynamic MRI. Preliminary results indicate accelerated gastric emptying 
due to faster peristaltic folds in the antrum [21]. Rapid gastric emptying may lead to an over-
expression of gastric hormones, such as GLP-1 and PYY, which promote dumping syndrome 
[22, 23]. However, hypoglycaemia after sleeve gastrectomy was far less frequently observed 
in our study than in the study by Tzovaras and colleagues [24], where the authors demon-
strated that nearly one-third of all patients were suffering from dumping syndrome after 
laparoscopic sleeve gastrectomy.

Based on the results of our study, we were able to identify younger age at the time of 
surgery and a lower preoperative 2-hour post-challenge blood glucose as factors for an 
increased risk of postoperative hypoglycaemia. After surgery, hypoglycaemia was asso-
ciated with lower fasting and lower 2-hour post-challenge insulin levels but significantly 
higher 1-hour post-challenge insulin levels. In addition, patients prone to hypoglycaemia 
had lower fasting blood glucose, HOMA-IR, and BMI than patients without hypoglycaemia. 
Regarding the change between pre- and post-surgery, patients with hypoglycaemia had 
smaller decreases in 1-hour post-challenge blood glucose values and 1-hour post-challenge 
insulin levels compared to patients without hypoglycaemia. Regarding 2-hour post-chal-
lenge blood glucose values, the decrease was larger in patients with hypoglycaemia 
compared with those without. Furthermore, we demonstrated differences in the AUC of 
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insulin levels, especially after BS in patients with compared to patients without hypogly-
caemia.

In the study by Adams and colleagues [25], the risk of non-disease-related death 
increased by a factor of 1.85 compared with that in the control group, despite reduction in 
disease-related death after gastric bypass surgery. The increased rate of accidents 
remained unclear, but it cannot be excluded that unconsciousness or arrhythmia induced 
by hypoglycaemia are contributing factors. In 2007, Sjöström and colleagues [26] demon-
strated, in the Swedish Obese Subjects (SOS) study, a significantly smaller number of 
myocardial infarctions in the group of patients who underwent BS compared with the 
control group (13 vs. 25 events), although in this study, operation techniques were used 
which are not used anymore today and only a minority of patients underwent gastric 
bypass surgery. But they also showed a higher number of sudden deaths due to cardiovas-
cular condition in the surgery group (20 vs. 14 events) [26]. It is known that severe hypo-
glycaemia in patients with diabetes causes ST wave changes and leads to severe 
arrhythmias, such as QT prolongation [27]. Thus, arrhythmia due to hypoglycaemia might 
be a putative explanation for the increased rate of sudden death. The majority of patients 
undergoing BS are relatively young, favorably women, and have a rather low cardiovas-
cular risk profile [26]. This might be the explanation why hypoglycaemia in those patients 
is not associated with a higher event rate compared with older patients with diabetes and 
a higher cardiovascular risk profile.

One limitation of our study is that an OGTT is an “experimental setting.” However, the 
relatively high intake of carbohydrates in the OGTT (75 gms) might be representative of 
the daily consumption in this cohort. However, we have to admit that apart from soft 
drinks, patients usually do not consume 75 gms of glucose in only 15 min. The change to 
a higher intake of carbohydrates could increase the risk of hypoglycaemia via post-chal-
lenge hyperinsulinaemia. Colles and colleagues [28] reported a reduction in percentage 
energy intake from fat and a concurrent increase in percentage energy intake from carbo-
hydrates after BS. In addition, reports indicate that patients after gastric bypass surgery 
still consume large amounts of soft drinks; thus, in our cohort of patients, the OGTT might 
be representative [29]. Furthermore, our data are well in line with a recently published 
study by Lee et al. [30], where the authors sent questionnaires to patients at home after 
BS about the frequency of hypoglycaemia. The prevalence of hypoglycaemia is compa-
rable to the prevalence achieved in our study. In contrast to this study, none of our 
patients had hypoglycaemia pre-surgery. To ascertain our findings, 14 randomly selected 
patients were additionally subjected to an MMTT. The postoperative insulin and glucose 
levels of these patients were absolutely comparable. However, the only difference we 
observed were even lower 2-hour post-stimulation glucose values during OGTT versus 
MMTT.

Since the aim of our study was to investigate the prevalence of hypoglycaemia and its 
relation to the surgical intervention, we could not reliably identify the reason for the occur-
rence of hypoglycaemia due to the lack of measurement of GLP-1 or other gastrointestinal 
hormones and studies on gastric transit time.

In conclusion, we were able to demonstrate the high frequency and thus the potential 
danger of hypoglycaemia following different procedures of BS in a large prospective, longitu-
dinal study by OGTT. Based on our data, we recommend that every patient should routinely 
undergo an OGTT postoperatively after BS. Furthermore, the patients should be trained by a 
dietician to increase the number of meals per day and to reduce the amount of carbohydrates. 
In addition, we strongly recommend that, after BS, every patient should be trained to recognise 
and treat hypoglycaemia as would patients with diabetes.
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