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Abstract Background: Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG) lead to lower fasting
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glucose concentrations, but might cause higher glycemic variability (GV) and increased risk of hy-
poglycemia. However, it has been sparsely studied in patients without preoperative diabetes under
normal living conditions.
Objectives: To study 24-hour interstitial glucose (IG) concentrations, GV, the occurrence of hypo-
glycemia and dietary intake before and after laparoscopic RYGB and SG in females without diabetes.
Setting: Outpatient bariatric units at a community and a university hospital.
Methods: Continuous glucose monitoring and open-ended food recording over 4 days in 4 study pe-
riods: at baseline, during the preoperative low-energy diet (LED) regimen, and at 6 and 12 months
postoperatively.
Results: Of 47 patients included at baseline, 83%, 81%, and 79% completed the remaining 3
study periods. The mean 24-hour IG concentration was similar during the preoperative LED
regimen and after surgery and significantly lower compared to baseline in both surgical groups.
GV was significantly increased 6 and 12 months after surgery compared to baseline. The self-
reported carbohydrate intake was positively associated with GV after surgery. IG concentrations
below 3.9 mmol/L were observed in 14/25 (56%) of RYGB- and 9/12 (75%) of SG-treated pa-
tients 12 months after surgery. About 70% of patients with low IG concentrations also reported
hypoglycemic symptoms.
Conclusions: The lower IG concentration in combination with the higher GV after surgery, might
create a lower margin to hypoglycemia. This could help explain the increased occurrence of
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hypoglycemic episodes after RYGB and SG. (Surg Obes Relat Dis 2024;20:10–17.) � 2024
American Society for Metabolic and Bariatric Surgery. Published by Elsevier Inc. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Roux-en-Y gastric bypass (RYGB) and sleeve gastrec-
tomy (SG), the 2 most common metabolic and bariatric pro-
cedures, result in vast metabolic changes with lower fasting
blood glucose concentrations and frequent remission of
Type 2 diabetes mellitus [1]. However, glucometabolic al-
terations might also lead to higher postprandial glycemic
variability (GV), which may be the result of high glucose
peaks, low nadirs, or a combination; increasing the risk of
hypoglycemia [2]. In a meta-analysis, the mean prevalence
of hypoglycemia, assessed with continuous glucose moni-
toring 1-8.9 years postoperatively, was 56.1% and 42.2%
for RYGB- and SG-treated patients, respectively. Time since
surgery was positively associated with the prevalence [3].
Hypoglycemia can impair quality of life and cause life-
threatening accidents [4,5]. Moreover, the amount and qual-
ity of carbohydrates consumed have been indicated as the
most important factors for glycemic response in subjects
with an intact digestive system [6], and despite a lowered
self-reported intake of carbohydrates after RYGB, carbohy-
drates seemed to have a larger impact on GV postopera-
tively [7].
Longitudinal studies on GV, hypoglycemia and its associ-

ation with dietary intake before and after RYGB and SG are
sparse. Therefore, our primary aim was to investigate 24-
hour interstitial glucose (IG) concentrations, GV, and the
occurrence of hypoglycemia under normal living conditions
before and after RYGB and SG, in a cohort of female pa-
tients without diabetes. Our secondary aim was to examine
whether macronutrient intake was associated with GV.
Materials and methods

This was a prospective, longitudinal, observational study
of female patients with a body mass index (BMI) of�35 kg/
m2, accepted for laparoscopic RYGB or SG. Exclusion
criteria and our operative techniques have been described
previously [8–11]. The participants were recruited during
routine medical assessments and gave written informed
consent. The study was approved by the Uppsala Regional
Ethics Committee (Dnr.2016/068) and conducted in
accordance with the Declaration of Helsinki [12].
We performed CGM, open-ended food-recording and

pedometer readings over 4 days at 4 study periods: 10 weeks
(baseline) and 1 week before surgery (low-energy diet, LED
regimen), then at 6 and 12 months postoperatively
(Supplemental Fig. 1). Body weight (BW) and height
were measured at the start of each study period.
Diet

Except during the LED regimen, patients continued with
their usual diet. No calorie goal was recommended postop-
eratively, but patients were advised to have a daily intake of
�60 grams of protein [13]. Postoperatively, supplements
were prescribed in accordance with guidelines [14]. During
the 4 study periods, patients reported their dietary intake in a
paper-based, open-ended food record, and step counts were
registered as previously described [9].

Continuous glucose monitoring

The Minimed IPRO-2 CGM system (Medtronic, North-
ridge, CA, USA) was used to measure glucose concentra-
tions in the extracellular interstitial fluid continuously for
4 days in each study period, but only data for the last
3 days were analyzed, according to recommendations
[15]. Diurnal (24 hour) mean IG concentrations were calcu-
lated, as well as the mean amplitude of glycemic excursions
(MAGE), which is a common measure of GV [16]. Cut-off
level for high MAGE was 2.8 mmol/L and for low glucose
concentrations ,3 mmol/L and 3.0 to ,3.9 mmol/L [4,17].
A hypoglycemic episode was defined as at least 3 consecu-
tive CGM readings at low glucose concentrations [18].

Edinburgh Hypoglycemia Scale

Twelve months postoperatively, patients were asked to
complete a translated version of the Edinburgh Hypoglyce-
mia Scale, rating each of the 18 symptoms from 1 (none) to
7 (very severe) (Supplemental Fig. 2). Symptoms rated as
moderate trouble or worse [4–7] indicated hypoglycemia
[19].

Statistics

We used a linear mixed-effect model with study period
(baseline, LED regimen, 6 and 12 months postoperatively),
surgical technique, and their interactions as fixed effects; a
random intercept for patients, and a compound symmetric
correlation structure. Based on this model, marginal means
were computed for 24-hour IG concentrations and MAGE
per surgical group and study period. We compared RYGB
and SG per study period and changes over time within
each surgical group. In our secondary analysis, we exam-
ined possible associations between risk factors and MAGE
after surgery, adjusting for test period (6 and 12 months
postoperatively) and surgical technique. Hence, 5
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theoretically motivated models were chosen, i.e., a reference
model and 4 different models including: 1) step counts, pro-
tein, fat, carbohydrates and fiber in g/kg BW, 2) carbohy-
drates and fiber, 3) fiber, and 4) carbohydrates. The model
including carbohydrates was selected based on the Bayesian
Information Criteria (BIC) and Akaike�s Information Crite-
rion (AIC). Lastly, we dichotomized data according to
cut-off levels for low IG concentrations and the Edinburgh
Hypoglycemic Scale to calculate the percentage of patients
having hypoglycemic episodes and hypoglycemic symp-
toms. Normality was checked using Q–Q plots, and the level
of significance was two-sided (P, .05) for all analyses. We
used IBM SPSS Statistics for Windows version 26.0 (IBM
Corp, Armonk, NY, USA) and lme package v3.1-149 in
R v 4.0.3.

Results

Baseline data and body weight changes

Of the 47 included patients, 83%, 81%, and 79%
completed the remaining 3 study periods (Supplemental
Fig. 1). The median age before surgery was 37 [17] years
with no difference between the 2 groups. At baseline,
BMI was significantly higher in patients undergoing
RYGB rather than SG, 45.3 6 5.7 versus 39.5 6 4.5
kg/m2, P 5 .001, respectively. However, at 12 months post-
operatively BMI did not differ between groups, 31.2 6 6.6
versus 27.96 3.5 kg/m2, P5 .107, (Supplemental Table 1).

Interstitial glucose concentrations and GV

The mean 24-hour IG concentration was similar for
both RYGB and SG within each study period, except being
significantly lower in SG at 6 months (Supplemental
Fig. 1. Estimated marginal means and 95%CI based on linear mixed model for 24-

the 4 study periods. (A) Compared to baseline, the mean 24-hour interstitial gluco

and 12 months after surgery for RYGB and SG. At 12 months, no differences were

both groups from baseline to the final follow-up 12 months after surgery. RYGB ha

groups at 6 months after surgery. Baseline is 10 weeks before surgery. LED reg

Excursions; RYGB 5 Roux-en-Y Gastric Bypass; SG 5 Sleeve Gastrectomy; LE
Table 2A). Compared to baseline, the mean 24-hour IG
concentrations were lower in both groups during the pre-
operative LED regimen, as well as at 6 and 12 months
(Fig. 1A, Supplemental Table 2A and B).
MAGE increased continuously in both groups from base-

line to 12 months postoperatively (Fig. 1B, Supplemental
Table 2A and B). However, RYGB had a more pronounced
increase than SG, reaching a significant difference between
groups at 6 months (Supplemental Table 2A). Furthermore,
when applying the suggested normative cut-off level for
MAGE, 18/25 (72%) RYGB and 6/12 (50%) SG had
MAGE�2.8 mmol/L at 12 months, P5 .189 (RYGB versus
SG).
Hypoglycemic episodes detected by CGM

The CGM data showed an increasing prevalence of hypo-
glycemic episodes over time in both groups, 56% of RYGB
and 75% of SG having glucose concentrations below 3.9
mmol/L at 12 months (Fig. 2).
Hypoglycemic symptoms

The Edinburgh Hypoglycemia Scale was completed by
34 patients (RYGB N 5 23, SG N 5 11) at 12 months
(Supplemental Fig. 3A and B). The number of patients rat-
ing at least one symptom as moderate or worse was similar
after RYGB and SG, 17/23 (74%) versus 8/11 (73%) respec-
tively, P 5 .888. About 70% of patients with IG concentra-
tions ,3.9 mmol/L at 12 months reported moderate to
severe hypoglycemic symptoms with no differences be-
tween groups, 10/14 (71%) versus 6/9 (67%) of RYGB
and SG respectively, P 5 .809.
hour interstitial glucose concentrations in RYGB and SG patients for each of

se concentrations were significantly lower during the LED regimen and at 6

seen between the 2 procedures. (B) A continuous increase was observed in

d a more pronounced increase, reaching a significant difference between the

imen is 1 week before surgery. MAGE 5 Mean Amplitude of Glycemic

D 5 Low-Energy Diet.



Fig. 2. Proportions of patients with hypoglycemic episodes. Cochran test for changes of proportions over time with post hoc McNemar test. Number of

participants are stated within each staple. Baseline is 10 weeks before surgery. LED regimen is 1 week before surgery. RYGB 5 Roux-en-Y Gastric Bypass;

SG 5 Sleeve Gastrectomy; LED 5 Low-Energy Diet.
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Diurnal glucose curves and dietary intake

As visualized in Figure 3A and B, the fluctuations in indi-
vidual 24-hour glucose curves were higher 12months postop-
eratively compared to baseline, but with similar carbohydrate
intake patterns (Supplemental Fig. 4A and B). However, the
self-reported total daily carbohydrate intake 12 months after
surgery was significantly reduced in RYGB compared to
baseline, 147.46 53.3 versus 199.96 67.1, P , .001, while
a trend was seen in SG, 158.1 6 68.6 versus 187.0 6 76.1,
P 5 .066. At the same time, carbohydrate intake estimated
in g/kg BW increased at 12 months compared to baseline
in both groups (RYGB P 5 .015, SG P 5 .033)
(Supplemental Table 3). Similar patterns were observed for
energy intake and the other macronutrients, namely, lower to-
tal reported intakes at 12 months, but higher intakes when
assessed in g/kg BW. The self-reported total energy and car-
bohydrate intake was similar between groups within each
study period, except for energy intake at baseline being
significantly higher in RYGB. The number of daily steps
were similar during the entire study period, with no differ-
ence between groups (Supplemental Table 3).

Factors affecting glycemic variability after surgery

Of the 5 models compared in our secondary mixed model
analysis, both AIC and BIC favored the model that included
carbohydrate as the main risk factor. According to this
model, carbohydrate intake was positively associated with
MAGE, with 1 g/kg BW of carbohydrates corresponding
to a mean increase in MAGE of .37 mmol/L (95%CI
.176-.564, P 5 .0003) (Fig. 4).
Discussion

In this study, performed in female patients without dia-
betes under real-life circumstances, GV increased at 6 and
12 months postoperatively. This contrasted with the mean
24h IG concentration, which maintained similar levels post-
operatively as during the preoperative LED regimen, all be-
ing lower than baseline. Moreover, the self-reported dietary
carbohydrate intake was positively associated with GV in
the postoperative situation. Finally, we found an increased
proportion of patients having hypoglycemic episodes after
surgery with similar prevalence in RYGB and SG.

At baseline, our MAGE levels were similar to those pre-
viously reported in healthy controls [17], and at 12 months,
they resembled previous reports in RYGB- and SG-treated
patients without preoperative diabetes [20,21]. RYGB
showed a higher MAGE than SG 6 months postoperatively,
with 72% of RYGB and 50% of SG having MAGE above
the suggested cut-off level of 2.8 mmol/L at 12 months. Pre-
vious studies reported higher or similar glucose peaks and
nadirs in RYGB- compared to SG-treated patients after a
mixed meal test consisting of liquid nutritional supplements
or mixed everyday food ingredients [22,23]. The postpran-
dial glucose alterations after RYGB, and to a lower extent



Fig. 3. (A) Glucose curves at baseline. Mean 24-hour interstitial glucose curve (black line) and individual curves (grey lines). Day 2 of 3 registration days.

Baseline is 10 weeks before surgery. RYGB N 5 28, SG N 5 19. (B) Glucose curves 12 months after surgery. Mean 24h interstitial glucose curve (black

line) and individual curves (grey lines). Day 2 of 3 registration days. RYGB N 5 25, SG N 5 12. RYGB 5 Roux-en-Y Gastric Bypass; SG 5 Sleeve

Gastrectomy.
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after SG, might be explained by a swift passage of nutrients
into the small intestine and with a rapid absorption. The sub-
sequent quick clearance of glucose from the circulation,
likely caused by an exaggerated plasma concentration of in-
sulin and glucagon-like-peptide-1, increased insulin sensi-
tivity, and a blunted counter-regulatory response to low
glucose concentrations, might contribute to postprandial hy-
poglycemia [23–25].

A glucose concentration of 3.9 mmol/L is suggested as a
threshold for neuroendocrine response to falling glucose
concentrations in people without diabetes [4]. Female
gender and lack of diabetes increase the risk of hypoglyce-
mia after bariatric surgery [24]. This might explain the
higher prevalence of hypoglycemia in the current study
compared to a recent meta-analysis [3]. Surprisingly, we
found high proportions of patients with IG concentrations
below 3.9 mmol/L at 6 months after surgery, implying that
hypoglycemia appears earlier than previously suggested
[24]. Postoperative hypoglycemia might be the result of
increased GV in combination with lower mean glucose con-
centration, thus creating a reduced margin to low glucose
concentrations. Unfortunately, we only measured hypogly-
cemic symptoms 12 months postoperatively, but at that
time, about 70% of patients reported moderate to severe hy-
poglycemic symptoms. However, these numbers should be
taken with some caution since there might be an overlap
regarding symptoms of early dumping syndrome [24].
The self-reported total energy and carbohydrate intakes at

baseline in our study were comparable to those observed in
previous studies, as were the reduced intakes at 12 months
[26,27]. The higher postoperative GV, in spite of a lower
self-reported total daily carbohydrate intake, and the positive
association between carbohydrate intake in g/kg BW and
GV, are in line with previous observations after RYGB,
which report that dietary carbohydrates cause a more pro-
nounced glucose increase and more rapid glucose disposal,
thus increasing the susceptibility for hypoglycemia [7].
Furthermore, patients with postprandial hypoglycemia re-
ported a higher intake of complex and simple carbohydrates
at one and 2 years after surgery, compared to patients
without hypoglycemia [28]. The higher consumption of car-
bohydrates might be caused by decreased adherence to die-
tary recommendations or attempts to reverse hypoglycemic
symptoms. The cause-effect relationship is difficult to deter-
mine. Interestingly, when compared to a conventionally rec-
ommended diet, a carbohydrate-reduced, high-protein diet



Fig. 4. Scatter plot of daily self-reported carbohydrate intake per kg body

weight and MAGE 6 months (RYGB N 5 25, SG N 5 13) and 12 months

(RYGBN5 25, SGN5 12) after surgery. RYGB solid line, SG dashed line.

RYGB 5 Roux-en-Y gastric bypass; SG 5 Sleeve gastrectomy;

BW 5 Body weight; MAGE 5 Mean amplitude of glycemic excursions.
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resulted in lower peak and higher nadir glucose concentra-
tions in RYGB patients with hypoglycemia, but with no dif-
ference in the time to peak [29]. Because of the accelerated
emptying of the gastric pouch after RYGB [23], previous un-
derstanding of how macronutrient composition and carbohy-
drate quality affect the digestion and absorption, and
consequently GV and hypoglycemia, require further
exploration.
Our study has some limitations. IG concentrations from

CGM might overestimate the glucose values compared to
plasma glucose concentrations, particularly at low levels
[30], which could indicate an even higher percentage of pa-
tients with hypoglycemic IG concentrations in our study.
Another limitation is the well-known risk of under-
reporting dietary intake described by other authors [26],
and although we assume that comparisons of food intake
over time and between surgical techniques were valid, we
cannot exclude the risk of bias when examining correlations
between carbohydrate intake and GV.
The strengths of our study include the longitudinal

approach, from 10 weeks before surgery and up to 12months
postoperatively, allowing patients to be their own controls
and thereby eliminating differences between patients.
Furthermore, the inclusion of female patients without dia-
betes, differs from many of the previous studies examining
patients with diabetes, or mixed patient groups. Finally, the
CGM method allows the study of patients under normal
living conditions and the protocol included parallel registra-
tion of physical activity and dietary intake.

Conclusion

After RYGB and SG, the mean interstitial glucose con-
centration remained at the lower level observed during the
preoperative LED regimen. However, glycemic variability
increased after surgery and the self-reported carbohydrate
intake was positively associated with the glycemic excur-
sions. Episodes of hypoglycemia increased after both surgi-
cal procedures. The combination of a lower mean interstitial
glucose concentration and higher glycemic variability might
have created a lower margin to hypoglycemia.
Disclosures

The authors have no commercial associations that might
be a conflict of interest in relation to this article.

Acknowledgments

We thank the staff at the bariatric units at Region
Dalarna and Uppsala University Hospital for their help
with the study procedures. We also thank medical secretary
Desire Nelson, Falun Hospital, Falun, and RD, PhD
Therese Karlsson, Gothenburg University, Gothenburg,
for their help with data management, as well as statistician
Riccardo Lo Matire, Center for Clinical Research Dalarna,
Falun, Sweden, for his valuable help with the mixed model
analyses. Finally, we thank Mandy Trickett for skillful lin-
guistic revision of this paper. The study was supported by
grants from the Center for Clinical Research, Dalarna,
Sweden (CKFUU-697961), and the Regional Research
Council, Sweden (RFR-655021). Impolin AB, Sweden,
provided the low-energy diet formula and Ascensia Dia-
betes Care Sweden AB provided the blood glucose meter-
ing material. The funding organizations and sponsors had
no role in the design, execution, interpretation or writing
of the study.

Supplementary materials

Supplementary material associated with this article can
be found, in the online version, at https://doi.org/10.1016/
j.soard.2023.07.008.

References

[1] Wiggins T, Guidozzi N, Welbourn R, Ahmed AR, Markar SR. Associ-

ation of bariatric surgery with all-cause mortality and incidence of

obesity-related disease at a population level: a systematic review and

meta-analysis. PLoS Med 2020;17:e1003206.

[2] Lee D, Dreyfuss JM, Sheehan A, Puleio A, Mulla CM, Patti ME. Gly-

cemic patterns are distinct in post-bariatric hypoglycemia after gastric

bypass (PBH-RYGB). J Clin Endocrinol Metab 2021;106:2291–303.

[3] Lupoli R, Lembo E, Rainone C, et al. Rate of post-bariatric hypogly-

cemia using continuous glucose monitoring: a meta-analysis of litera-

ture studies. Nutr Metab Cardiovasc Dis 2022;32:32–9.

[4] Draznin B, Aroda VR, Bakris G, et al. 6. Glycemic targets: standards

of medical Care in diabetes-2022. Diabetes Care 2022;45:S83–s96.

[5] Draznin B, Aroda VR, Bakris G, et al. 8. Obesity and weight manage-

ment for the prevention and treatment of type 2 diabetes: standards of

medical care in diabetes-2022. Diabetes Care 2022;45:S113–24.

[6] Augustin LSA, Kendall CWC, Jenkins DJA, et al. Glycemic index,

glycemic load and glycemic response: an international scientific

https://doi.org/10.1016/j.soard.2023.07.008
https://doi.org/10.1016/j.soard.2023.07.008
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref1
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref1
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref1
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref1
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref2
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref2
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref2
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref3
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref3
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref3
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref4
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref4
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref5
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref5
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref5
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref6
http://refhub.elsevier.com/S1550-7289(23)00603-2/sref6


Inger Nilsen et al. / Surgery for Obesity and Related Diseases 20 (2024) 10–1716
consensus summit from the international carbohydrate quality con-

sortium (ICQC). Nutr Metab Cardiovasc Dis 2015;25:795–815.

[7] Ashrafi RA, Ahola AJ, Roseng�ard-B€arlund M, et al. Computational

modelling of self-reported dietary carbohydrate intake on glucose con-

centrations in patients undergoing Roux-en-Y gastric bypass versus

one-anastomosis gastric bypass. Ann Med 2021;53:1885–95.

[8] Moy J, Pomp A, Dakin G, Parikh M, Gagner M. Laparoscopic sleeve

gastrectomy for morbid obesity. Am J Surg 2008;196:e56–9.

[9] Nilsen I, Andersson A, Laurenius A, Osterberg J, Sundbom M,

Haenni A. Lower interstitial glucose concentrations but higher glucose

variability during low-energy diet compared to regular diet-an obser-

vational study in females with obesity. Nutrients 2021;13:3687.

[10] Olbers T, L€onroth H, Fagevik-Ols�en M, Lundell L. Laparoscopic

gastric bypass: development of technique, respiratory function, and

long-term outcome. Obes Surg 2003;13:364–70.

[11] Stenberg E, Szabo E, �Agren G, et al. Closure of mesenteric defects in

laparoscopic gastric bypass: a multicentre, randomised, parallel, open-

label trial. Lancet 2016;387:1397–404.

[12] World Medical Association declaration of Helsinki: ethical principles

for medical research involving human subjects. JAMA 2013;310:

2191–4.

[13] Moiz�e VL, Pi-Sunyer X, Mochari H, Vidal J. Nutritional pyramid for

post-gastric bypass patients. Obes Surg 2010;20:1133–41.

[14] Laurenius A, N€aslund I, Sandvik J, Videhult P, Wir�en M. Nordiska

riktlinjer f€or kosttillskott och uppf€oljning efter obesitaskirurgi - Mon-

itorering och supplementering med vitaminer och mineraler. Lakartid-

ningen 2018;115:ETD7.

[15] Klonoff DC, Ahn D, Drincic A. Continuous glucose monitoring: a re-

view of the technology and clinical use. Diabetes Res Clin Pract

2017;133:178–92.

[16] Fernandes NJ, Nguyen N, Chun E, Punjabi NM, Gaynanova I. Open-

source algorithm to calculate mean amplitude of glycemic excursions

using short and long moving averages. J Diabetes Sci Technol

2022;16:576–7.

[17] Hill NR, Oliver NS, Choudhary P, Levy JC, Hindmarsh P,

Matthews DR. Normal reference range for mean tissue glucose and

glycemic variability derived from continuous glucose monitoring for

subjects without diabetes in different ethnic groups. Diabetes Technol

Ther 2011;13:921–8.

[18] Danne T, Nimri R, Battelino T, et al. International consensus on use of

continuous glucose monitoring. Diabetes Care 2017;40:1631–40.
[19] Nielsen JB, Pedersen AM, Gribsholt SB, Svensson E, Richelsen B.

Prevalence, severity, and predictors of symptoms of dumping and hy-

poglycemia after Roux-en-Y gastric bypass. Surg Obes Relat Dis

2016;12:1562–8.

[20] Abrahamsson N, Ed�en Engstr€om B, SundbomM, Karlsson FA. Hypo-

glycemia in everyday life after gastric bypass and duodenal switch.

Eur J Endocrinol 2015;173:91–100.

[21] Al-Ozairi E, El Samad A, Al Kandari J, et al. Continuous glucose

monitoring of glycemic variability during fasting post-sleeve gastrec-

tomy. Obes Surg 2020;30:3721–9.

[22] Hedb€ack N, HindsøM, Bojsen-Møller KN, et al. Effect of meal texture

on postprandial glucose excursions and gut hormones after Roux-en-Y

gastric bypass and sleeve gastrectomy. Front Nutr 2022;9:889710.

[23] Svane MS, Bojsen-Møller KN, Martinussen C, et al. Postprandial

nutrient handling and gastrointestinal hormone secretion after Roux-

en-Y gastric bypass vs sleeve gastrectomy. Gastroenterology

2019;156:1627–1641.e1.

[24] Patience N, Sheehan A, Cummings C, Patti ME. Medical nutrition

therapy and other approaches to management of post-bariatric hypo-

glycemia: a team-based approach. Curr Obes Rep 2022;11:277–86.

[25] Vidal J, Nicolau J, Romero F, et al. Long-term effects of Roux-en-Y

gastric bypass surgery on plasma glucagon-like peptide-1 and islet

function in morbidly obese subjects. J Clin Endocrinol Metab

2009;94:884–91.

[26] Bobbioni-Harsch E, Huber O, Morel P, et al. Factors influencing en-

ergy intake and body weight loss after gastric bypass. Eur J Clin

Nutr 2002;56:551–6.

[27] CoupayeM, Rivi�ere P, Breuil MC, et al. Comparison of nutritional sta-

tus during the first year after sleeve gastrectomy and Roux-en-Y

gastric bypass. Obes Surg 2014;24:276–83.

[28] Rebelos E, Moriconi D, Scalese M, et al. Impact of postprandial hypo-

glycemia on weight loss after bariatric surgery. Obes Surg

2020;30:2266–73.

[29] Kandel D, Bojsen-Møller KN, Svane MS, et al. Mechanisms of action

of a carbohydrate-reduced, high-protein diet in reducing the risk of

postprandial hypoglycemia after Roux-en-Y gastric bypass surgery.

Am J Clin Nutr 2019;110:296–304.

[30] Nielsen JB, Abild CB, Pedersen AM, Pedersen SB, Richelsen B.

Continuous glucose monitoring after gastric bypass to evaluate the

glucose variability after a low-carbohydrate diet and to determine hy-

poglycemia. Obes Surg 2016;26:2111–8.
Editorial comment

Comment on: Glycemic variability and hypoglycemia before and after
Roux-en-Y gastric bypass and sleeve gastrectomy—a cohort study of

females without diabetes
Wearable devices and monitoring all sorts of personal
biologic data from temperature to heart rate to blood oxygen
saturation have become increasingly common, especially
with the focus of monitoring data for health and fitness pur-
poses. From the metabolic surgeon’s perspective, contin-
uous glucose monitoring has also become increasingly
prevalent—even in our patients without diabetes. While
post–bariatric surgery hypoglycemia has been a long-
standing complication of surgical weight loss, clinically sig-
nificant hypoglycemia appears to affect a small portion of
surgical patients. Regardless, better understanding of how
metabolic surgery affects glycemic variability is important
for improving the care of all patients, and these wearable
tools are helping to highlight this subject area. Prior studies
have demonstrated significant glycemic variability in both
animals [1] and humans [2,3] after metabolic/bariatric sur-
gery, but many questions remain, including how glycemic
variability affects behavioral and food choices as well as
its clinical significance and the mechanisms driving this
variability [4].
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