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Background: Continuous glucose monitoring (CGM) has been widely used in the management of diabetes. However, the useful-
ness and detailed data during perioperative status were not well studied. In this study, we described the immediate changes of glu-
cose profiles after metabolic surgery using intermittently scanned CGM (isCGM) in individuals with type 2 diabetes mellitus 
(T2DM).
Methods: This was a prospective, single-center, single-arm study including 20 participants with T2DM. The isCGM (FreeStyle 
Libre CGM) implantation was performed within 2 weeks before surgery. We compared CGM metrics of 3 days before surgery 
and 3 days after surgery, and performed the correlation analyses with clinical variables.
Results: The mean glucose significantly decreased after surgery (147.0±40.4 to 95.5±17.1 mg/dL, P<0.001). Time in range (TIR; 
70 to 180 mg/dL) did not significantly change after surgery in total. However, it was significantly increased in a subgroup of indi-
viduals with glycosylated hemoglobin (HbA1c) ≥8.0%. Time above range (>250 or 180 mg/dL) was significantly decreased in to-
tal. In contrast, time below range (<70 or 54 mg/dL) was significantly increased in total and especially in a subgroup of individu-
als with HbA1c <8.0% after surgery. The coefficient of variation significantly decreased after surgery. Higher baseline HbA1c was 
correlated with greater improvement in TIR (rho=0.607, P=0.005).
Conclusion: The isCGM identified improvement of mean glucose and glycemic variability, and increase of hypoglycemia after 
metabolic surgery, but TIR was not significantly changed after surgery. We detected an increase of TIR only in individuals with 
HbA1c ≥8.0%.
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INTRODUCTION

Metabolic surgery is an effective treatment modality for indi-
viduals with obesity and diabetes in terms of their significant 
and sustained weight loss and diabetes remission [1]. The im-
provement of glucose homeostasis occurs within days after the 

surgery before weight loss occurs [2,3]. Therefore, the rapid ta-
pering of antidiabetic drugs is mandatory [4]. There is a need 
to assess delicate glucose profiles to perform precise adjust-
ment of medication and nutritional support. However, few 
studies have investigated immediate changes in glucose levels 
during the perioperative period.
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It has been well known that continuous glucose monitoring 
(CGM) systems are useful in both diabetes management and 
clinical research [5,6]. Two types of CGM systems are avail-
able: real-time CGM (rtCGM) and intermittently scanned 
CGM (isCGM). Compared with rtCGM, isCGM does not 
provide real-time results or alerts for current or impending 
glucose events and it must be used actively to obtain data. 
However, isCGM does not require capillary glucose calibration 
and it is easy to use periodically. It is also less expensive than 
rtCGM because it does not require a separate transmitter [7]. 
Therefore, isCGM is a good option for individuals who under-
take CGM for the first time and during certain limited times, 
such as the perioperative period.

Previous studies have reported CGM data immediately after 
metabolic surgery. Yip et al. [8] obtained 6-day CGM recordings 
from obese individuals with type 2 diabetes mellitus (T2DM)  
starting 3 days before Roux-en-Y gastric bypass (RYGB; n=11)  
or sleeve gastrectomy (SG; n=10) using CGMS Gold (Medtro-
nic, Northridge, CA, USA). Wysocki et al. [9] obtained 10-day 
CGM recordings from obese individuals with T2DM starting 
1 day before RYGB (n=10) or SG (n=6) using FreeStyle Libre 
CGM (Abbott Diabetes Care, Alameda, CA, USA). However, 
these studies did not report CGM data using standardized 
metrics. In addition, the CGM device used in Yip et al.’s study 
[8] was an outdated model with low accuracy (mean absolute 
relative difference [MARD], 14%) [10]. These limitations indi-
cate the need for a study with sufficient sample size and stan-
dardized CGM metrics to determine the immediate improve-
ment of hyperglycemia and detect hypoglycemia after meta-
bolic surgery.

In this study, we aimed to investigate the changes in stan-
dardized CGM metrics according to the international consen-
sus [11,12] by using isCGM to determine the degree and ra-
pidity of glycemic changes, including hypoglycemia before and 
after metabolic surgery. 

METHODS

Study participants
This was a prospective, single-center, single-arm study at the 
Seoul National University Bundang Hospital (SNUBH). The 
inclusion criteria were: age ≥19 years and diagnosis of T2DM 
with body mass index (BMI) ≥30.0 kg/m2, or medically un-
controlled T2DM with BMI ≥27.5 kg/m2 according to the Na-
tional Health Insurance reimbursement in South Korea. The 

exclusion criteria were: previous metabolic surgery, isCGM 
(FreeStyle Libre CGM) incompatible smartphone user, or con-
current use of antiobesity medications.

Procedures
The study design is presented in Fig. 1A. Anthropometric as-
sessment and isCGM (FreeStyle Libre CGM) implantation 
were performed within 2 weeks before surgery. The isCGM 
continued for 14 consecutive days and was changed after 14 
days. All CGM data were downloaded using LibreView soft-
ware (Newyu Inc., Orlando, FL, USA), and transformed into 
Excel (Microsoft, Redmond, WA, USA) data files for analysis. 
To minimize the missing values, the CGM data collected dur-
ing the 3 days before surgery (days –3, –2, and –1) and 3 days 
after surgery (days 2, 3, and 4) were compared. We excluded 
the data from the operation day and day 1 because of stress-in-
duced hyperglycemia during the 24 hours immediately after 
metabolic surgery [8]. During the admission period, point-of-
care capillary glucose testing (POCT) was performed by ward 
nurses using a glucometer (BAROZEN H expert Plus, i-SENS 
Inc., Seoul, Korea) four times a day before meals and at bed-
time. Each POCT blood glucose was paired with the corre-
sponding CGM value within 5 minutes and used for accuracy 
analysis.

Blood samples were collected after an overnight fast within 2 
weeks before surgery and at days 3 to 5 after surgery. Plasma 
glucose levels were measured using the hexokinase method 
and glycosylated hemoglobin (HbA1c) levels were measured 
by high-performance liquid chromatography (Bio-Rad, Her-
cules, CA, USA). Total cholesterol, triglycerides, high-density 
lipoprotein cholesterol, and low-density lipoprotein cholesterol 
were measured by enzymatic colorimetric assay. Serum creati-
nine was measured by the protocol of the central laboratory of 
SNUBH and estimated glomerular filtration rate was calculat-
ed by the Modification of Diet in Renal Disease equation. Se-
rum insulin (DIAsource ImmunoAssays, Nivelles, Belgium) 
and C-peptide (Izotop, Budapest, Hungary) were measured by 
radioimmunoassay. Free fatty acid (FFA) was measured by 
AU5800 clinical chemistry analyzer (Beckman Coulter, Brea, 
CA, USA).

Sodium-glucose cotransporter-2 inhibitor and metformin 
were discontinued 2 days and 1 day before the surgery, respec-
tively. On admission day, a normocaloric diet was supplied. 
Nothing by mouth and a standardized glucose–insulin–potas-
sium infusion [13] were started at midnight before surgery. 
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Sips of water started on day 1 after surgery (day 1), followed by 
soft fluid diet on day 2 after surgery (day 2). From day 2, oral 
antidiabetic drugs (OADs) and insulin were resumed to 
achieve a target glucose range of 140 to 180 mg/dL.

The study was approved by the Institutional Review Board of 
SNUBH (No. B-2007-624-305) and each participant provided 
written informed consent. The study was conducted in accor-
dance with the Declaration of Helsinki and good clinical prac-
tice guidelines. This study was registered with the Clinical Re-
search Information Service (CRiS, Korea, https://cris.nih.
go.kr; registration number: KCT0005240).

Outcomes
The primary endpoint was the mean difference in time in range 
(TIR; 70 to 180 mg/dL) before and after surgery. The secondary 
endpoints were the mean difference in mean glucose (total, 
daytime, and nighttime), the mean difference in coefficient of 
variation (CV; total, daytime, and nighttime), the mean differ-
ence in time above range (TAR; >180 or >250 mg/dL) and the 
mean difference in time below range (TBR; <70 or <54 mg/dL; 

total, daytime, and nighttime) before and after surgery. In addi-
tion, we assessed these outcomes stratified by HbA1c level 
(HbA1c <8.0% and ≥8.0%) and surgery types (SG and bypass 
surgery), and correlations between preoperative clinical vari-
ables with the difference in CGM metrics and homeostatic 
model assessment for insulin resistance (HOMA-IR).

We defined daytime from 6:00 AM to midnight, nighttime 
from midnight to 6:00 AM. The MARD was calculated using 
matched glucose pairs from POCT and isCGM, and expressed 
as a percentage. Glucose variability was calculated as CV= 
standard deviation (SD)/mean glucose×100%.

Calculations
HOMA-IR was calculated as follows: fasting insulin (μIU/mL)× 
fasting plasma glucose (FPG, mg/dL)/405. Homeostatic model 
assessment for beta cell function (HOMA-B) was calculated as 
follows: 360×fasting insulin (μIU/mL)/(FPG, mg/dL–63). Ad-
ipose tissue insulin resistance (Adipo-IR) was calculated as fol-
lows: fasting insulin (pmol/L)×fasting FFA (mmol/L) [14]. Im-
provement in TIR was calculated as follows: TIR after surgery–

Fig. 1. (A) Study design. (B) Daily glucose profiles before and after metabolic surgery. Op, operation; CGM, continuous glucose 
monitoring; NPO, nil per os; SOW, sips of water; SFD, soft fluid diet; GIK, glucose–insulin–potassium; D/C, discontinue; SGLT2i, 
sodium-glucose cotransporter-2 inhibitor; OAD, oral antidiabetic drug; BST, blood sugar test.

A

B
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TIR before surgery. Decrease in HOMA-IR was calculated as 
follows: HOMA-IR before surgery–HOMA-IR after surgery. 

Statistical analysis
We calculated that a sample size of 11 participants would pro-
vide 90% power with a type I error rate (two-sided) of 5% to 
reject the null hypothesis of no difference in the TIR before 
and after the surgery, under the assumption that the TIR after 
the surgery would be 30% higher than TIR before the surgery, 
with a SD of 30% [8]. Data were expressed as mean±SD or 
number (%). Comparisons of continuous variables were per-
formed using Wilcoxon signed-rank test. Spearman’s correla-
tion coefficient was used to evaluate the correlation between 
variables. In all cases, P<0.05 was considered statistically sig-
nificant. Statistical analyses were performed using IBM SPSS 
software version 25.0 (IBM Corp., Armonk, NY, USA). Figures 
were drawn using GraphPad Prism software version 9.1.2 
(GraphPad Software Inc., San Diego, CA, USA).

RESULTS

Between July 2020 and April 2021, 148 subjects underwent 
metabolic surgery in SNUBH, a tertiary academic hospital in 
South Korea. Among them, 45 subjects had T2DM and 22 par-
ticipants were enrolled. After two participants dropped out 
due to poor compliance, the remaining 20 participants (five 
men, 15 women) were included in the final analysis (Supple-
mentary Fig. 1). Table 1 shows the baseline characteristics of 
the study participants. The participants were 47.2±9.1 years 
old with a diabetes duration of 5.6±7.0 years. Preoperative 
BMI was 37.2±5.7 kg/m2 and HbA1c was 8.1%±1.8%. Nine 
participants used insulin therapy. Ten participants underwent 
laparoscopic sleeve gastrectomy (LSG) with duodenojejunal 
bypass, six underwent LSG, three underwent RYGB, and one 
underwent laparoscopic biliopancreatic diversion.

Fig. 1B shows the CGM profiles before and after metabolic 
surgery. Both median and interquartile range of glucose re-
duced rapidly after surgery. Five out of nine participants dis-
continued insulin therapy after surgery. Sulfonylureas was dis-
continued after surgery in all participants.

The CGM metrics were compared before and after metabol-
ic surgery (Table 2). The percentage of time CGM is active was 
90.4%±13.3% before surgery and 79.8%±19.7% after surgery. 
The MARD value was 19.6%. The mean total, daytime, or night-
time glucose levels were significantly decreased after surgery 

compared with before surgery (147.0±40.4 mg/dL vs. 95.5± 
17.1 mg/dL, P<0.001; 149.8±39.4 mg/dL vs. 95.9±17.4 mg/dL, 
P<0.001; 138.0±64.5 mg/dL vs. 91.1±20.0 mg/dL, P=0.002, 
respectively). CVs for total or daytime glucose were signifi-
cantly decreased after surgery compared with those before sur-
gery (29.2%±9.9% vs. 20.1%±9.0%, P=0.005; 28.3%±9.6% vs. 
19.6%±8.8%, P=0.012, respectively). The TIR was not signifi-
cantly changed after surgery. TAR (>250 or 180 mg/dL) was 
significantly decreased (6.8%±12.4% vs. 0.0%±0.0%, P=0.005; 
23.9%±25.3% vs. 1.1%±5.0%, P<0.001), and in contrast, TBR 
(<70 or 54 mg/dL) was significantly increased after the surgery 
(3.0%±5.7% vs. 16.1%± 23.9%, P=0.019; 0.4%±0.9% vs. 5.4%± 
10.7%, P=0.035). During nighttime, TBR (<54 mg/dL) was 

Table 1. Baseline characteristics of the study participants

Variable Value

No. of male/female 5/15

Age, yr 47.2±9.1

Body weight, kg 99.8±17.2

BMI, kg/m2 37.2±5.7

Systolic BP, mm Hg 134.0±11.3

Diastolic BP, mm Hg 79.0±9.5

Diabetes duration, yr 5.6±7.0

FPG, mg/dL 164.1±64.6

HbA1c, % 8.1±1.8

Cholesterol, mg/dL 162.0±37.1

Triglyceride, mg/dL 148.4±52.6

HDL-C, mg/dL 50.4±11.7

LDL-C, mg/dL 97.5±28.1

eGFR, mL/min/1.73 m2 98.2±29.3

Hypertension 17 (85.0)

Dyslipidemia 17 (85.0)

Insulin therapy 9 (45.0)

Metabolic surgery type

   LSG/DJB 10 (50.0)

   LSG 6 (30.0)

   RYGB 3 (15.0)

   LBPD 1 (5.0)

Values are presented as mean±standard deviation or number (%).
BMI, body mass index; BP, blood pressure; FPG, fasting plasma glu-
cose; HbA1c, glycosylated hemoglobin; HDL-C, high-density lipo-
protein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
eGFR, estimated glomerular filtration rate; LSG/DJB, laparoscopic 
sleeve gastrectomy with duodenojejunal bypass; RYGB, Roux-en-Y 
gastric bypass; LBPD, laparoscopic biliopancreatic diversion.
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significantly increased after surgery (0.1%±0.5% vs. 10.2%± 
21.0%, P=0.043).

We performed subgroup analysis stratified by preoperative 
HbA1c levels (Fig. 2). Among individuals with HbA1c <8.0% 

(n=13), TAR (>180 mg/dL) was significantly decreased (11.8%± 
13.4% vs. 1.7%±6.2%, P=0.002), but TBR (<70 or 54 mg/dL) was 
significantly increased after surgery (3.2%±5.6% vs. 19.6%± 
25.4%, P=0.013; 0.3%±0.7% vs. 6.5%±12.1%, P=0.046). Over-

Table 2. CGM profiles before and after metabolic surgery

Before surgery After surgery Mean difference (95% CI) P value

Time CGM active, % 90.4±13.3 79.8±19.7 10.59 (0.8 to 20.4) 0.033

Mean glucose, mg/dL 147.0±40.4 95.5±17.1 51.6 (33.9 to 69.2) <0.001

Mean glucose during daytimea, mg/dL 149.8±39.4 95.9±17.4 53.9 (38.0 to 69.8) <0.001

Mean glucose during nighttimeb, mg/dL 138.0±64.5 91.1±20.0 46.9 (13.0 to 80.8) 0.002

CV, % 29.2±9.9 20.1±9.0 9.1 (3.2 to 14.9) 0.005

CV during daytimea, % 28.3±9.6 19.6±8.8 8.7 (2.7 to 14.7) 0.012

CV during nighttimeb, % 21.2±11.3 17.1±11.3 4.2 (–4.9 to 13.2) 0.184

TAR >250 mg/dL, % 6.8±12.4 0.0±0.0 6.8 (1.0 to 12.6) 0.005

TAR >180 mg/dL, % 23.9±25.3 1.1±5.0 22.8 (10.8 to 34.7) <0.001

TIR 70–180 mg/dL, % 73.1±24.2 82.8±24.5 –9.7 (–26.7 to 7.3) 0.247

TBR <70 mg/dL, % 3.0±5.7 16.1±23.9 –13.1 (–23.5 to –2.7) 0.019

TBR <70 mg/dL during daytimea, % 2.3±4.9 13.7±23.0 –11.4 (–21.1 to –1.7) 0.021

TBR <70 mg/dL during nighttimeb, % 4.1±8.4 17.3±27.5 –13.2 (–26.8 to 0.4) 0.068

TBR <54 mg/dL, % 0.4±0.9 5.4±10.7 –5.0 (–9.8 to –0.2) 0.035

TBR <54 mg/dL during daytimea, % 0.4±1.1 3.9±8.1 –3.5 (–7.1 to 0.1) 0.050

TBR <54 mg/dL during nighttimeb, % 0.1±0.5 10.2±21.0 –10.1 (–20.2 to 0.0) 0.043

Values are presented as mean±standard deviation. 
CI, confidence interval; CGM, continuous glucose monitoring; CV, coefficient of variation; TAR, time above range; TIR, time in range; TBR, 
time below range.
aFrom 6:00 AM to midnight, bFrom midnight to 6:00 AM.

Fig. 2. Percentage of time above range (>180 or >250 mg/dL), time in range (70 to 180 mg/dL), and time below range (<70 or < 
54 mg/dL). HbA1c, glycosylated hemoglobin. aP<0.05 vs. before surgery, bP<0.01 vs. before surgery, cP<0.001 vs. before surgery.
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all, this resulted in no significant change in TIR after surgery in 
this group. In contrast, among individuals with poor glycemic 
control (HbA1c ≥8.0%, n=7), TAR (>250 or 180 mg/dL) was 
significantly decreased (15.5%±16.7% vs. 0.0%±0.0%, P= 
0.027; 46.4%±27.7% vs. 0.0%±0.0%, P=0.018) and as a result 
TIR was increased after surgery (50.9%±24.8% vs. 90.4%± 
20.9%, P=0.018). In addition, we performed subgroup analysis 
stratified by surgery types (SG [n=6] and bypass surgery [n= 
14]) (Supplementary Table 1). Individuals in SG group were 
younger (40.0±7.8 years old) and had a higher BMI (42.1±6.4 
kg/m2) compared with those in bypass surgery group (age of 
50.2±8.0 years old and BMI of 35.1±3.9 kg/m2). Mean glucose 
levels (total and daytime) and TAR (>180 mg/dL) were consis-
tently decreased after surgery compared to before surgery re-
gardless of surgical types. However, mean nighttime glucose 
levels, CV (total and daytime), and TAR (>250 mg/dL) were 
significantly decreased after bypass surgery, but they were not 
significantly decreased after SG.

Insulin, FPG, C-peptide, and HOMA-IR were all significant-
ly decreased immediately after surgery (within 3 to 5 days). 
However, there was no significant change in HOMA-B and 
Adipo-IR (Table 3). Interestingly, higher HbA1c was correlated 
with greater improvement in TIR (rho=0.607, P=0.005) and 
younger age was correlated with greater decrease in HOMA-IR 
(rho=–0.560, P=0.030) (Supplementary Fig. 2).

Based on a total of 179 paired POCT-CGM measurements, 
the Clarke error grid analysis showed 99.4% of glucose values 
falling into clinically acceptable error zones A and B; 41.3% of 
values fell within zone A, 58.1% within zone B, and 0.5% with-
in zone D (Supplementary Fig. 3).

DISCUSSION

In this prospective study, we successfully detected the degree 
and rapidity of glycemic changes using isCGM in individuals 
who underwent metabolic surgery even though the compli-
ance of isCGM was attenuated a little after surgery. In total, 
TBR (<70 or 54 mg/dL) was significantly increased and TAR 
(>250 or 180 mg/dL) was significantly decreased after surgery. 
Overall, this resulted in no significant change in TIR after sur-
gery. A significant increase in TIR was only observed in indi-
viduals with poorly controlled diabetes (HbA1c ≥8.0%). How-
ever, the mean glucose of total, either daytime or nighttime, 
and CV for total or daytime glucose were decreased consis-
tently after surgery compared with before surgery.

Both TIR and CV have the benefit of assessing an individu-
al’s glycemic profile more detailed than an assessment of 
HbA1c alone. Furthermore, these two metrics associate with 
diabetes complications [15]. In our study, we found that the 
change in TIR after metabolic surgery depended on baseline 
HbA1c. Improvement in TIR was significantly higher in indi-
viduals with HbA1 ≥8.0% compared with individuals with 
HbA1c <8.0% (P=0.004). In addition, a significant decrease in 
CV during nighttime was observed in individuals with HbA1c 
≥8.0%, which means that dietary intake had little impact on 
the improvement of glycemic variability in this group. In this 
regard, metabolic surgery might be an appropriate option for 
rapid glucose control in individuals with poorly controlled dia-
betes.

An earlier study of 26 individuals undergoing cardiac sur-
gery using the FreeStyle Libre CGM showed reliable, but lower 

Table 3. Biochemical profiles before and after metabolic surgery

Before surgery After surgery Mean difference (95% CI) P value

FPG, mg/dL 164.1±64.6 113.1±21.7 51.0 (19.0 to 82.9) 0.001

Insulin, μIU/mLa 16.4±12.9 10.2±2.8 6.2 (–0.2 to 12.6) 0.016

C-peptide, ng/mLa 3.9±2.3 2.3±1.3 1.6 (0.7 to 2.5) 0.001

FFA, μEq/Lb 470.3±195.8 689.4±225.9 –219.1 (–343.5 to –94.7) 0.008

HOMA-IRa 6.6±4.9 2.8±1.2 3.8 (1.3 to 6.3) 0.003

HOMA-Ba 81.8±74.3 111.2±96.1 –29.4 (–103.4 to 44.6) 0.173

Adipo-IRc 61.4±61.9 53.8±30.5 7.6 (–19.4 to 34.5) 0.959

Values are presented as mean±standard deviation.
CI, confidence interval; FPG, fasting plasma glucose; FFA, free fatty acid; HOMA-IR, homeostatic model assessment for insulin resistance; 
HOMA-B, homeostatic model assessment for beta cell function; Adipo-IR, adipose tissue insulin resistance.
an=15, bn=11, cn=10.
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accurate results (Clarke error grid: 99.1% within zones A and 
B, 18.9% in zone A) compared with the Eirus intravascular mi-
crodialysis CGM (Maquet Critical Care, Solna, Sweden) con-
ducted from the day before surgery to the day after surgery 
[16]. Another study of 15 individuals undergoing cardiopul-
monary bypass surgery using the Dexcom G6 CGM (Dexcom, 
San Diego, CA, USA) showed that some sensors maintained 
precision, but lost accuracy after surgery [17]. In our study, the 
MARD value of 19.6% was higher than a previously reported 
value of 11.4% [18]. In addition, the MARD value of 15.3% be-
fore surgery increased significantly to 21.7% after surgery. A 
higher proportion of TBR after surgery might affect this phe-
nomenon. Nevertheless, it is necessary to consider the possi-
bility that the accuracy of sensors might be reduced during 
surgery.

Previous studies showed that CGM could detect hypoglyce-
mia effectively in individuals who underwent metabolic sur-
gery at over 1 year after surgery [19,20]. In our study, we could 
detect rapid glycemic changes by applying isCGM during the 
perioperative period and discontinued insulin and OAD pro-
actively. In addition, there was no difference in TBR after sur-
gery between individuals stratified by surgical type (with or 
without bypass) or baseline antidiabetic drugs (data not 
shown). Although TBR (<70 or 54 mg/dL) was significantly 
increased after surgery, only one individual experienced symp-
tomatic hypoglycemia. Considering that increased TBR was 
more frequently observed in clinical trials using isCGM com-
pared with those using rtCGM [21], and that accuracy of Free-
Style Libre CGM was lower in the hypoglycemic range (<70 
mg/dL) [22], we should be cautious in interpretation of the 
TBR results. Nevertheless, considering significant increase in 
TBR after surgery among individuals with HbA1c <8.0%, we 
should be cautious to resume antidiabetic drugs during the 
postoperative period of metabolic surgery to avoid hypoglyce-
mia in this subgroup.

In general, bypass surgery seems to be more effective than 
simple restrictive surgery in terms of diabetes remission dur-
ing long-term follow-up [23]. In our study, we added early im-
provement of glycemic variability after bypass surgery, which 
finding was not statistically significant in SG. However, our 
study was not designed to evaluate the difference of bypass 
surgery and SG, and baseline characteristics of participants 
were not comparable between two surgical types. In addition, 
a previous study showed significant decreases of both mean 
glucose concentration and glycemic variability after SG in sub-

jects with T2DM [24]. Further large scale study is necessary to 
see the early difference in glucose profiles between bypass sur-
gery and SG.

For preoperative prediction of T2DM remission after meta-
bolic surgery, score systems such as ABCD score [25] and Dia-
Rem score [26] have been proposed. These score systems in-
clude age as a factor, which is associated with T2DM remission 
rate. Interestingly, we observed greater decrease in HOMA-IR 
in individuals with younger age within 1 week after surgery in 
this study. This observation raises the possibility that early gly-
cemic improvement after metabolic surgery could predict 
long-term T2DM remission. In this clinical perspective, we are 
planning a 1-year follow-up study with isCGM to evaluate 
whether this glycemic improvement after metabolic surgery 
will be maintained.

Previous study of obese patients with T2DM showed that 
fasting plasma FFA levels increased by approximately 20% at 1 
week, returned to preoperative values at 3 months, and was 
slightly decreased after 1 year after RYGB [27]. Another study 
showed that fasting plasma FFA levels were higher at 2 weeks 
after RYGB compared with those at baseline, and suggested 
that energy intake deficit led to decrease plasma insulin levels, 
thereby reducing inhibition of lipolysis [28]. Stress response of 
general anesthesia and surgery itself can increase catabolic 
hormones (epinephrine, norepinephrine, cortisol, glucagon, 
and growth hormone), and promote lipolysis and finally re-
lease FFA into the circulation [29]. Even though we did not 
measure any counter-regulatory hormones, we could assume 
that both a decrease of insulin levels and an increase of cata-
bolic hormones were responsible for an increase of serum FFA 
levels within 1 week after metabolic surgery. 

Our study has several limitations. First, the actual time-peri-
ods of CGM application were diverse between participants. In 
the final analysis, we compared the CGM metrics using only 
3-day values before and after surgery, respectively to minimize 
the missing value. As a result, the duration of isCGM applica-
tion was short. Even though the data from 7 days before sur-
gery and those from 3 days before surgery were not statistically 
different (data not shown), further longer-term comparison 
might be necessary. Second, we did not monitor individuals’ 
caloric intake during the perioperative period. Third, the 
MARD values after surgery were higher than those before sur-
gery. Despite these limitations, this study has several strengths. 
This is the first study that provides a detailed picture of the de-
gree and rapidity of glycemic improvement during the periop-
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erative period using isCGM. In addition, this study suggests 
the feasibility of using isCGM during the perioperative period. 
We found no complications related to the isCGM device, no 
interference with surgical devices, such as an electronic coagu-
lator, and reliable performance after surgery.

In conclusion, the isCGM can provide the detailed informa-
tion about immediate dynamic changes of glucose levels. We 
identified improvement of both mean glucose and glycemic 
variability, and increase of hypoglycemia after metabolic sur-
gery. However, TIR was not different between pre- and post-
operative periods. We identified an increase of TIR only in in-
dividuals with HbA1c ≥8.0%.
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