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Objectives: This study aimed to evaluate the impact of Continuous Glucose
Monitoring (CGM) on enhanced recovery after surgery (ERAS) outcomes in
colorectal cancer (CRC) patients with type 2 diabetes mellitus (T2DM).

Methods: We conducted an observational cohort study of adult patients (>18 years)
with T2DM undergoing abdominal surgery for pathologically confirmed CRC.
Exclusion criteria included history of other malignancies, preoperative infections, or
incomplete clinical data. Participants were stratified into two groups: the exposed
group (CGM monitoring) and the control group (conventional glucose analyzer
[CGA]). Primary outcomes included glycemic variability, surgical complications,
ERAS milestones, and patient satisfaction scores.

Results: Among 181 enrolled patients (CGM =81, CGA =100), CGM
demonstrated superior glycemic control compared to CGA, with significantly
lower mean daily glucose levels at postoperative day 1 (9.52 + 2.53 vs.
10.37 + 2.26 mmol/L, p < 0.05) and day 3 (9.36 + 1.82 vs. 10.64 + 1.84 mmol/L,
p < 0.05). The CGM group showed better clinical outcomes including improved
anastomotic healing (p < 0.05), shorter time to first flatus (p < 0.05), and reduced
length of hospitalization (p < 0.05). Patient satisfaction scores were significantly
higher in the CGM group (3242 + 3.33 vs. 29.81 + 2.98, p < 0.05).

Conclusion: CGM provides superior perioperative glucose monitoring in
diabetic CRC patients, particularly during the critical 72-h postoperative period.
The technology facilitates early detection of acute hyperglycemia, promotes
wound healing, and accelerates recovery within ERAS protocols. These findings
support the clinical value of CGM implementation in surgical management of
T2DM patients with CRC.
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Introduction

Colorectal cancer is a prevalent malignancy of the digestive
system, accounting for approximately 10% of global cancer
diagnoses and related deaths each year (1, 2). Surgery plays a critical
role in treatment, and perioperative blood glucose levels are an
important factor. The extensive scope of radical resection and
prolonged surgical stimulation in patients with colorectal cancer
can lead to insulin insensitivity, stress hyperglycemia, increased risk
of postoperative complications, hindered wound healing, and
increased risk of wound infection (3). Studies have indicated that
diabetic patients undergoing surgical treatment have more than
three times the incidence and mortality rate of postoperative
complications compared to non-diabetic patients (4). Furthermore,
preoperative chemotherapy, psychological factors, surgery, and
other variables can increase the risk of hyperglycemia in patients
with colorectal cancer and diabetes (5). Therefore, it is crucial to
explore continuous and comprehensive methods for the
management of blood glucose during the perioperative period to
develop personalized blood glucose control programs that enhance
the patient recovery after surgery.

Continuous Glucose Monitoring (CGM) systems are increasingly
being utilized as alternative methods for monitoring blood glucose
levels in patients with diabetes receiving insulin therapy (6, 7). This
allows for personalized diet plans and improved quality of life by
reducing the risk of high or low blood sugar fluctuations (8, 9). The
CGM sensor measures interstitial fluid glucose levels every minute and
automatically stores data every 15 min (10). Combined CGM therapy
involves continuous drug infusion along with blood sugar monitoring,
which allows dynamic adjustment of insulin doses based on changes
in blood sugar levels (11). While some studies have shown benefits for
outpatients with T1D and T2D (12-14), there is clinical evidence for
the use of CGM in the ERAS process of colorectal cancer patients with
T2D (15, 16). This study aimed to investigate the benefits of continuous
glucose monitoring during surgery in colorectal cancer patients with
diabetes while exploring how CGM can be integrated into perioperative
medication management to optimize blood glucose control services
within enhanced recovery after surgery (ERAS) program.

Patients and methods

Patient data were retrieved from the database of the Sixth Affiliated
Hospital of Sun Yat-sen University from September 2020 to December
2024, including individuals with colorectal cancer (CRC) and type 2
diabetes mellitus (T2DM) who underwent resection surgery. The
inclusion criteria were as follows: (I) endoscopic biopsy or
postoperative pathological diagnosis of CRC, (II) age >18 years,
presence of type 2 diabetes, (IIT) underwent resection surgery, and (IV)
fasting plasma glucose levels measured before the initiation of first-line
therapy and during follow-up treatment. The exclusion criteria were a
history of other malignancies, preoperative infection, and difficulty in

Abbreviations: CGM, Continuous glucose monitoring; CGA, Conventional glucose
analyzer; ERAS, Enhanced recovery after surgery; CVD, Cardiovascular disease;
FBG, Fasting blood glucose; 2hPG, 2-h post-meal blood glucose; POD,
Postoperative day; BOD, Before operation day.
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obtaining relevant data. The enrolled patients had previously received
treatment with diet alone, oral monotherapy, or a combination of oral
agents including glucagon-like peptide 1 agonists or insulin therapy.
Blood glucose levels, surgical complications, and rehabilitation
outcomes were assessed. Patients who received continuous glucose
monitoring were classified into the exposed group, whereas those who
used conventional glucose analyzers were classified into the control
group. Continuous glucose monitoring sensor data after hospital
discharge were downloaded using Libre View software and exported
to standard Excel data files for further statistical analysis by the
statistician. Each point-of-care blood glucose measurement was paired
with the corresponding continuous glucose monitoring value within
5 min and used for accuracy analysis as a reference for the treatment
protocol. This study was approved by the Ethics Committee of the Sixth
Affiliated Hospital of the Sun Yat-sen University. Written informed
consent was obtained from all patients.

Continuous glucose monitoring (CGM)

Patients in the CGM group received a continuous infusion of
recombinant human insulin connected to a Medtronic iPro2 CGM
device. The skin around the navel was sterilized with 75% ethanol up
to a distance of 5 cm from the navel. A probe was inserted into the
needle aid at an angle of 45°. After removing the needle core, it was
connected to the monitor, which recorded an average value every
5 min based on the signals received every 10 s (shown in Figures 1, 2).
The blood glucose levels monitored by CGM are depicted in the
waveform, with red indicating when the patient’s blood glucose falls
below the target control range and orange representing levels above the
target range. Figure 1A Tllustrates the waveform of a patient with stable
blood glucose fluctuations. The daily blood glucose range remained
relatively consistent, with sharply fluctuations observed on the 4th, 7th,
and 8th days after surgery. Figure 1B displays the waveform of a patient
with significant blood glucose variability, the patient’s blood glucose
levels promptly returned to normal following intervention. Patients
had access to their own reader device or could use an app on their
smartphone to scan the sensor for real-time glucose readings. Insulin
dosage adjustments were immediately made by the doctors according
to the blood glucose graph. Blood glucose levels at 8:00, 14:00, and
22:00 were measured using finger glucometers and compared with
instantaneous glucometer readings to correct sequential rod
glucometers. Human insulin injection was utilized, the insulin was
manufactured by Novo Nordisk (China Pharmaceutical Co., Ltd.). The
dosage for each patient was carefully adjusted based on the data
obtained from continuous glucose monitoring (CGM), with each dose
adjustment not exceeding 4 units to ensure precise and safe
glycemic control.

Conventional glucose analyzer (CGA)

Patients in the control group underwent insulin treatment
according to the national guidelines and bedside CGA capillary
glucose testing every 6 h (at 6:00 AM, 10:00 AM, 2:00 PM, 6:00 PM,
and 10:00 PM). Before pricking their ring finger with a disposable
fingertip blood glucose test needle in its thin part near the abdominal
area of the finger, the nurses disinfected it using a cotton ball soaked
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FIGURE 1
glucose levels.

Blood glucose waveform over 0—-14 days monitored by CGM. The blood glucose levels monitored by Continuous Glucose Monitoring (CGM) are
depicted in the waveform, with red indicating when the patient’s blood glucose falls below the target control range and orange representing levels
above the target range. (A) Illustrates the waveform of a patient with stable blood glucose fluctuations. The daily blood glucose range remained
relatively consistent, with sharply fluctuations observed on the 4th, 7th, and 8th days after-surgery. (B) Displays the waveform of a patient with
significant blood glucose variability. Hypoglycemia (indicated by the red region) was detected on the second day, but the patient’s blood glucose levels
promptly returned to normal following intervention. In the subsequent days, the patient experienced pronounced upward fluctuations in blood
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in 75% ethanol. For patients with hypoglycemia or hyperglycemia, the
blood glucose level was measured, and the insulin dosage was adjusted
according to the blood glucose value.

Measurements

Data collected from the database included patient demographics,
ERAS
rehabilitation, and patient satisfaction. Our primary objective was to

blood glucose fluctuations, surgical complications,
compare glycemic control in hospital settings between the CGA and
CGM groups, including mean daily glucose levels. The blood glucose
levels were measured from admission to discharge. The second
endpoint of the study was the incidence of postoperative complications
such as wound infection, urinary tract infection, pneumonia, poor
healing of the anastomosis, ketoacidosis, blood glucose fluctuation,
thrombus, ileus, or abdominal distension. Patient satisfaction was
assessed using the Diabetes Treatment Satisfaction Questionnaire

Status version (DTSQs) before discharge.

Statistical analysis

SPSS software (version 25.0, SPSS Inc., Chicago, IL, USA) was
used for data analysis. Normally distributed data were represented as
mean + standard deviation, the Kruskal-Wallis test was used to
compare continuous variables. The data were evaluated with a 95%
confidence interval and 5% significance level. Statistical significance
was set at p < 0.05.
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Results
Clinical demographics

A total of 181 colorectal cancer patients with diabetes were
enrolled in the study, with 81 patients undergoing continuous glucose
monitoring (CGM) and 100 patients undergoing conventional
glucose monitoring (CGA). The mean ages of Group CGM and
Group CGA were 61.22 + 11.1 and 57.64 + 12.3 years, respectively.
The mean admission HbA1c levels were 6.21 and 6.38% (mmol/mol),
while the mean BMI values were 22.04 + 0.86 and 20.07 + 2.33 kg/
m?, and the mean duration of diabetes was found to be 10.72 + 4.48
and 9.78 + 5.12 years for Group CGM and Group CGA, respectively.
Both before and after propensity score matching, the two groups
demonstrated comparable baseline characteristics with no statistically
significant differences in age distribution, duration of diabetes
history, HbA1c level, medication, comorbid conditions, or surgical
site distribution (p > 0 0.05; shown in Table 1).

Blood glucose fluctuation

There were no significant differences between the two groups in
terms of HbA1C before and after surgery. The mean daily glucose
during the hospital stay was significantly higher by CGA blood
glucose compared with CGM (10.37 + 2.26 vs. 9.52 + 2.53 mg/dL)
(p < 0.05) the 1st day after surgery (shown in Table 2), and with mean
blood glucose of 10.64 + 1.84 mg/dL in the CGA group compared to
9.36 + 1.82 mg/dL in the CGM group at the 3th day after surgery.
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FIGURE 2
24-hour blood glucose waveform of CRC Patients monitored by CGM and predicted HbAlc values. Continuous Glucose Monitoring (CGM) was used
to track the 24-h blood glucose patterns of colorectal cancer (CRC) patients, and the corresponding HbAlc values were predicted based on the data.
(A) Displays the blood glucose waveform of a patient with stable glucose fluctuations. The average daily blood glucose level was 10.1 mmol/L, and the
predicted HbAlc value was 8.0%. (B) Illustrates the blood glucose waveform of a patient with significant glucose variability. The average daily blood
glucose level was 11.81 mmol/L, with a peak glucose level reaching 15.0 mmol/L, the predicted HbAlc value for this patient was 9.1%.

There were no significant differences between the two groups in terms
of blood glucose the 5th day after surgery.
Complications and hypoglycemia detection

Postoperative complications were objectively compared
between the two groups. Postoperative complications included

Frontiers in Medicine

infection, poor anastomotic healing, ketoacidosis, stomal leak,
thrombus, ileus, and abdominal distension. There were significant
differences between the CGM and CGA groups in terms of
anastomotic healing (t = —1.891, p < 0.05, Table 3). These results
indicate that the CGM method is more effective in improving
anastomotic healing. All complications resolved after appropriate
treatment measures were taken. Furthermore, we determined the
number of hypoglycemia episodes lasting at least 15 min with a
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TABLE 1 Characteristics of patient in CGA and CGM groups.

10.3389/fmed.2025.1464071

Patient Unmatched Matched

characteristics  ~CM(n=81) CGA(M=100) p-value CGM(n=72)  CGA (n=83) p-value
Age 61.22 £ 11.10 57.64 +12.3 0.245 60.48 £ 14.38 57.04 + 11.67 0.116
Diabetes history 10.72 £ 4.48 9.78 +5.12 0.545 11.68 + 6.24 11.99 +5.14 0.801
BMI 22.04 £0.86 20.07 £2.33 0.865 21.46 £ 1.46 20.87 £1.82 0.303
HbAlc (%) 6.21 + 1.45 6.38 +1.13 0.105 6.75+1.71 6.15+0.97 0.055
Male Gender 46 (56.79%) 60 (60.0%) 0.215 33 (45.83%) 52 (62.65%) 0.302
Medication 72 (88.89%) 94 (94.00%) 0.210 68 (94.44%) 80 (96.39%) 0.281
Comorbid conditions 57 (70.37%) 56 (56.00%) 0.089 51 (70.83%) 52 (62.65%) 0.062
Surgical site distribution 80 (94.30%) 100 (100.00%) 0.351 70 (97.22) 100 (100.00%) 0.465
(Colon and Rectal)

TABLE 2 The comparison of blood glucose and HbA1C.

Timeline Glucose index CGM (n = 81) CGA (n = 100) t value
Preoperative FBG 6.12+0.54 6.81 +0.88 1.0121 0.109
2hPG 7.82+1.71 8.48 + 1.60 0.512 0.562
HbAIC (%) 6.04 +0.84 6.38 +1.13 0.925 0.182
1 d after surgery 2hPG 9.52+2.53 10.37 +2.26 -2.12 0.023
3 d after surgery 2hPG 9.36 +1.82 10.64 + 1.84 —-1.53 0.021
5 d after surgery 2hPG 9.24 +1.88 9.36 £2.10 0.167 0.553
7 d after surgery 2hPG 9.65 +2.05 9.56 * 2.65 0.213 0.632
Before discharge FBG 6.07 £0.32 6.12£0.76 -1.32 0.201
2hPG 9.19 +£2.62 9.33+2.73 —1.49 0.545
HbA1C (%) 7.08 £ 1.89 6.94 +2.31 0.432 0.212

FBG, fasting blood glucose; 2hPG, 2-h post-meal blood glucose.

TABLE 3 Comparison of postoperative complications between the two groups.

Complications CGM (n = 81) CGA (n =100) t value

Infection 6 (7.41%) 6 (6.00%) 0.000 0.821
Poor anastomosis healing 2 (2.47%) 4 (4.00%) —1.891 0.021
ketoacidosis 0 (0.00%) 1 (1.00%) —1.000 0.125
Stomal leak 1(1.23%) 4 (4.00%) —1.763 0.081
Thrombus 0 (0.00%) 1 (1.00%) —1.000 0.223
Ileus 4 (4.94%) 3(3.00%) 0.000 1.237
Abdominal distension 0(0.00%) 1 (1.00%) —1.023 0.223
Hyperglycemia 18 (22.22%) 32 (32.00%) —2.164 0.001
Hypoglycemia 7 (8.64%) 4 (4.00%) 1.001 0.520
Complications rate 5.21% 6.22% —2.42 1.241

reading above 12.0 mmol/L detected by CGM. The incidence of
hyperglycemia in the CGM group was significantly lower than that
in the CGA group (t = —2.164, p < 0.05). There were no episodes of
severe hypoglycemia with a reading below 3.9 mmol/L detected by
either method. The proportion of patients with hypoglycemia was
similar, with no significant difference.

Eras rehabilitations

We observed that the CGM group had a shorter hospital stay
than the CGA group did. There were significantly differences

Frontiers in Medicine

between two groups in terms of first exhaust time, and hospital
stays, among which the first exhaust time was 22.52 + 0.53 h in
the CGM group compared to 18.98 + 0.73 h in the CGA group
(p < 0.05), hospital stays was 6.59 + 2.63 days in the CGM group
compared to 8.86 + 2.47 days in the CGA group (p < 0.001; shown
in Table 4).

Questionnaire results

A total of 181 questionnaires were sent for feedback collection
purposes and received back responses from 126 participants. DTSQ
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TABLE 4 The comparison of rehabilitation index.

10.3389/fmed.2025.1464071

Index CGM (n = 81) CGA (n =100) t value p-value
First exhaust time (h) 22.52+£0.53 18.98 £0.73 2.821 0.001
Catheter indwelling time (h) 3545+ 2.67 3490 +£2.17 1.203 0.305
Time of the first ambulation session (h) 13.75£0.42 15.86 £ 0.81 —1.266 0.412
Postoperative hospital stays (d) 6.59 +2.63 8.86 +2.47 —5.89 0.000

TABLE 5 The comparison of satisfaction between two groups.

DTSQ score CGM (n = 81) CGA (n = 100) t value

QI current treatment 592+0.38 551+0.71 2.859 0.026
Q4 convenience 5.76 £ 0.54 4.46 +1.47 4.588 0.000
Q5 flexibility 5.52+0.38 4.59+1.16 5.382 0.043
Q6 understanding treatment 5.45+0.72 5.19 +1.01 2.622 0.667
Q7 recommend treatment plan 5.65+0.87 4.79 +1.21 4.735 0.001
Q8 continue treatment plan 5.02+£0.44 5.30£0.79 0.105 0.981
Total score 3242 +3.33 29.81 £2.98 8.506 0.001
Q2 frequent of hyperglycemia 0.85 +0.54 0.72 +0.62 0.645 0.461
Q3 frequency of hypoglycemia 1.20 £0.52 1.25 £ 0.68 —0.242 0.382

A total of 8 items, including treatment satisfaction, self-perceived hyperglycemia, self-perceived hypoglycemia three dimensions. Treatment satisfaction includes 6 items (current treatment,

convenience, flexibility, understanding treatment, recommend treatment plan, continue treatment plan), from 0 very dissatisfied to 6 very satisfied, with a total score of 36; Self-perceived

hyperglycemia and self-perceived hypoglycemia ranged from less than 0 to 6 most of the time, and the higher the score, the more frequently patients reported feeling.

scores were obtained for 62 and 64 participants in the CGM and CGA
groups, respectively. According to self-reports provided by
participants, there were significant differences in terms of treatment
satisfaction rates (5.92 + 0.38 vs. 5.51 + 0.71), convenience (5.76 + 0.54
vs. 446 *1.47), flexibility (5.52 +0.38 vs. 4.59 +1.16), and
recommended treatment plan (5.65 + 0.87 vs. 4.79 + 1.21). CGM
group showed better feedback than CGA group with the score of
32.42 + 3.33 in the CGM group compared to 29.81 + 2.98 in the CGA
group (p < 0.05, shown in Table 5).

Discussion

The primary objective of perioperative blood glucose management
is ensuring patient safety and stability. Our findings demonstrated that
continuous glucose monitoring (CGM) is significantly more effective
in promoting anastomosis healing (p < 0.05). Elevated blood glucose
levels have been linked to delayed wound healing and increased
infection rates, whereas recurrent and severe hypoglycemia may
negatively affect patient outcomes, leading to higher morbidity,
mortality, prolonged hospital stay, readmission, and increased medical
costs (17, 18). A meta-analysis involving surgical patients with
diabetes revealed that maintaining perioperative blood glucose levels
was associated with reduced perioperative mortality and stroke (19-
21). In this observational cohort study of hospitalized colorectal
diabetes patients receiving insulin treatment, we compared the effects
of continuous glucose monitoring (CGM) and conventional
Glucometer Analysis (CGA). Our results indicated a trend toward
lower post-surgery glucose concentrations with CGM measurements,
the CGM group exhibited lower blood glucose levels compared to the
CGA group, and the difference was statistically significant (p < 0.05).
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This suggests that the use of CGM monitoring may not inherently lead
to superior glycemic control, nor does it directly correlate with
accelerated patient recovery or earlier discharge. Instead, the clinical
value of CGM in this context appears to lie primarily in its predictive
capabilities and real-time glucose monitoring. By providing healthcare
professionals with objective, data-driven insights, CGM facilitates
more informed and timely clinical decision-making, thereby
enhancing the precision of subsequent interventions. Using
established tools for evaluating CGM performance (22-24),
we observed that CGM detected more episodes of nocturnal and
persistent hyperglycemia attributed to parenteral nutritional support
during gastrointestinal surgery than limited daily testing using
CGA. Including insulin in parenteral mixed solutions presents
challenges in effectively controlling insulin infusion rates owing to
drug interactions or precipitation, resulting in significant fluctuations
in blood sugar levels and an increased risk of hypoglycemia. Colorectal
cancer patients are predominantly middle-aged and elderly individuals
(61.22 £11.10 vs. 57.64 + 12 years old), with reduced metabolic
function making them more susceptible to insulin resistance and
impaired insulin secretion. Patients with diabetes are also prone to
perioperative blood sugar fluctuations; therefore, serum glucose levels
should be monitored along with HbA ¢ testing, which is crucial for
evaluating treatment effectiveness in diabetes management (25).
However, HbAlc is not suitable for monitoring acute changes in the
perioperative blood glucose levels.

The mean daily glucose during the hospital stay was significantly
higher by CGA blood glucose compared with CGM (10.37 + 2.26 vs.
9.52 +2.53 mg/dL) (p < 0.05) at the 1st day after surgery, and with
mean blood glucose of 10.64 + 1.84 mg/dL in the CGM group
compared to 9.36 + 1.82 mg/dL in the CGM group at the 3th day
after surgery, indicating that continuous blood glucose monitoring
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can serve as a reliable reference for clinicians to evaluate patients’
blood glucose values and facilitate timely treatment of abnormalities.
According to American Diabetes Association Professional Practice
Committee, once insulin therapy is started, a target glucose range of
7.8-10.0 mmol/L is recommended for the majority of critically ill
and noncritically ill patients. Although 1 mmol/L reduction was
observed in our research, it’s still has clinical significant (26). A
comprehensive 24-h blood glucose profile can identify nocturnal or
asymptomatic hypoglycemia (27, 28). The key to perioperative
management is to establish a clear target blood glucose level and
monitor it frequently so that the treatment regimen can be adjusted
accordingly (29). Dynamic glucometers can rapidly provide real-time
glucose readings and access historical data in order to generate visual
graphs (30, 31). The use of dynamic glucometers compensates for the
limitations associated with traditional monitoring methods by
objectively and accurately reflecting patients’ blood sugar levels at
different time intervals, thereby aiding more effective overall control
of their blood sugar status (32). In our study, CGM detected more
hyperglycemic events, detecting up to 8.64%% of asymptomatic
hypoglycemic events occurring in the evening or early morning
between dinner and 06:00 h. These findings are clinically significant,
as they highlight the potential impact of CGM on improving the
detection of blood glucose fluctuations in hospitalized patients (33),
which may lead to better regulation of insulin therapy and reduce
morbidity and mortality associated with hypoglycemic events
(32, 34-36).

Postoperative complication analysis demonstrated comparable
risk profiles between CGM and CGA monitoring, with both
modalities showing favorable postoperative outcomes. This may
be attributed to the shorter hospital stay for rapid rehabilitation, and
absence of adverse reactions. Following resection for low rectal cancer,
a permanent stoma on the abdominal wall is required to replace the
physiological function of the anus. However, a high blood sugar status
can affect wound healing and increase the likelihood of incision
infection. A previous study found that a longer duration of diabetes
was an independent risk factor for perioperative hypoglycemia.
Patients with a diabetes duration of > 10 years had a 2.736 times
increased risk of hypoglycemia compared to those with a diabetes
duration of <10 years (37, 38), but there were no significant differences
in patient diabetes history in our study. Significant differences were
observed in first exhaust time and hospital stay durations between the
two groups; average first exhaust time was 22.52 + 0.53 h in the CGM
group shorter than 18.98 + 0.73 h in the CGA group, while hospital
stay was 6.59 + 2.63 days shorter than 8.86 + 2.47 days in the CGM
group. Once intestinal function was restored, the frequency of
hyperglycemia after transitioning from parenteral nutrition to enteral
nutrition was lower in the CGM group than that in the CGA group.
The dynamic glucose monitoring system can provide dietary guidance
based on patients’ intake and exercise reccommendations according to
their blood glucose fluctuations, facilitating rapid postsurgical
recovery while ensuring that controlled insulin dosages are
administered after meals to prevent significant blood sugar
fluctuations that may hinder wound healing and early mobilization.
The efficacy of diabetes treatment should not be evaluated solely by
HbA1c levels, as they should also focus on patient-reported outcomes
(PROs) such as patient satisfaction, wellbeing, and quality of life (39).
The questionnaire survey showed that the patients were satisfied with
the CGM method, with a score of 32.42 +3.33 compared to
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29.81 + 2.98 in the CGA group, which may be related to reduced daily
invasive procedures with sustained blood glucose outcomes.

Conclusion

Continuous glucose monitoring (CGM) provides clinicians with
comprehensive insights into perioperative glycemic dynamics in
diabetic patients, particularly during the critical 72-h postoperative
window that significantly impacts ERAS outcomes. These findings
underscore the importance of structured glucose monitoring protocols
and targeted patient education. Special attention should be given to
high-risk populations, including patients with cachexia-inducing
tumors or long-standing diabetes (>10 years duration), who require
intensified monitoring to mitigate hypoglycemic risks.

Our results demonstrate that real-time detection of acute
hyperglycemia through CGM facilitates optimized glycemic control,
thereby promoting wound healing and accelerating postoperative
recovery. The implementation of early enteral nutrition following
intestinal function recovery further enhances metabolic management
by enabling personalized dietary and activity guidance. This
multimodal approach not only improves glycemic stability but also
enhances patient self-management capacity, quality of life, and
treatment satisfaction.

Nevertheless, CGM have some limitations. Several important
limitations warrant consideration: Clinical Implementation Barriers:
The current adoption of perioperative CGM remains limited by cost
considerations. Future cost-effectiveness analyses should stratify
patients by surgical complexity and diabetes severity to identify
subgroups deriving maximal benefit. Technological Constraints: All
available CGM systems measure interstitial glucose with an inherent
5-15min physiological lag relative to blood glucose, potentially
reducing accuracy during rapid glycemic fluctuations. Additionally,
current devices require twice-daily capillary glucose calibration.
Measurement Limitations: While the DTSQ effectively evaluates
satisfaction with diabetes technologies (e.g., insulin pumps, CGM), its
psychometric properties remain unvalidated in surgical populations,
and potential nonresponse bias merits consideration when interpreting
satisfaction metrics.

This study’s non-randomized design introduces possible selection
and confounding biases. Future research should prioritize randomized
controlled trials to validate these findings, with particular attention to
high-risk subgroups such as insulin-dependent patients or those with
long diabetes duration. Such investigations could further clarify the
optimal role of CGM in surgical diabetes management.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding authors.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of the Sixth Affiliated Hospital of Sun Yat-sen University.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1464071
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Wang et al.

The studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study. The manuscript presents
research on animals that do not require ethical approval for their study.
Written informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data included in
this article.

Author contributions

QW: Conceptualization, Formal analysis, Methodology, Writing —
original draft, Writing - review & editing. YZ: Formal analysis,
Writing - original draft, Writing - review & editing. WW:
Methodology, Writing — review & editing. YO: Writing — review &
editing, Data curation, Formal analysis. XW: Formal analysis,
Writing - review & editing. JC: Methodology, Writing — review &
editing. XL: Conceptualization, Supervision, Methodology, Writing —
original draft, Writing - review & editing. HL: Conceptualization,
Methodology, Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by grants received from action plan for popularizing science at the
community of Guangdong Provincial Science and Technology
Association (GDKP2023-3-056), Clinical pharmaceutical Research
Foundation of China International Medical Exchange Foundation
(Z-2021-46-2101-2023), Wu Jieping Medical Foundation Clinical

References

1. Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. Colorectal cancer. Lancet.
(2019) 394:1467-80. doi: 10.1016/S0140-6736(19)32319-0

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
Cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer ] Clin. (2021) 71:209-49. doi: 10.3322/caac.21660

3. Zhang T, Jin YF, Jiang X, Li L, Qi X, Mao Y, et al. Clinical and prognostic relevance
of B7-H3 and indicators of glucose metabolism in colorectal cancer. Front Oncol. (2020)
10:546110. doi: 10.3389/fonc.2020.546110

4. Jabbarian L], Groenvold M, Petersen MA, Christensen CA, Deliens L, van der
Heide A, et al. Assessing emotional functioning with increased power: relative validity
of a customized EORTC short form in the international ACTION trial. Value Health.
(2019) 22:92-8. doi: 10.1016/j.jval.2018.07.002

5. Bellon F, Sola I, Gimenez-Perez G, Hernandez M, Metzendorf MI, Rubinat
E, et al. Perioperative glycaemic control for people with diabetes undergoing surgery.
Cochrane Database Syst Rev. (2023) 2023:CD007315. doi: 10.1002/14651858.
CD007315.pub3

6. Battelino T, Alexander CM, Amiel SA, Arreaza-Rubin G, Beck RW, Bergenstal RM,
et al. Continuous glucose monitoring and metrics for clinical trials: an international
consensus statement. Lancet Diabetes Endocrinol. (2023) 11:42-e57. doi:
10.1016/S2213-8587(22)00319-9

7. Seidu S, Kunutsor SK, Ajjan RA, Choudhary P. Efficacy and safety of continuous
glucose monitoring and intermittently scanned continuous glucose monitoring in
patients with type 2 diabetes: a systematic review and Meta-analysis of interventional
evidence. Diabetes Care. (2024) 47:169-79. doi: 10.2337/dc23-1520

8. Jackson MA, Ahmann A, Shah VN. Type 2 diabetes and the use of real-time
continuous glucose monitoring. Diabetes Technol Ther. (2021) 23:S-27-34. doi:
10.1089/dia.2021.0007

9. Ajjan RA, Battelino T, Cos X, Del Prato S, Philips JC, Meyer L, et al. Continuous
glucose monitoring for the routine care of type 2 diabetes mellitus. Nat Rev Endocrinol.
(2024) 20:426-40. doi: 10.1038/s41574-024-00973-1

Frontiers in Medicine

10.3389/fmed.2025.1464071

Research Fund (320.6750.2023-06-21). Supported by the program of
Guangdong Provincial Clinical Research Center for Digestive Diseases
(2020B1111170004.

Acknowledgments

We thank our colleagues at the Graceland Medical Center, who
participated in this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

10. Lin R, Brown E James S, Jones J, Ekinci E. Continuous glucose monitoring: a
review of the evidence in type 1 and 2 diabetes mellitus. Diabet Med. (2021) 38:¢14528.
doi: 10.1111/dme.14528

11. Gomez AM, Umpierrez GE, Mufioz OM, Herrera F, Rubio C, Aschner P, et al.
Continuous glucose monitoring versus capillary point-of-care testing for inpatient
glycemic control intype 2 diabetes patients hospitalized in the general ward and treated
with a basal bolus insulin regimen. J Diabetes Sci Technol. (2015) 10:325-9. doi:
10.1177/1932296815602905

12. Lind N, Christensen MB, Hansen DL, Nergaard K. Comparing continuous glucose
monitoring and blood glucose monitoring in adults with inadequately controlled,
insulin-treated type 2 diabetes (Steno 2tech study): a 12-month, single-center,
Randomized Controlled Trial. Diabetes Care. (2024) 47:881-9. doi: 10.2337/dc23-2194

13. Beck RW, Riddlesworth TD, Ruedy K, Ahmann A, Haller S, Kruger D, et al.
DIAMOND study group. Continuous glucose monitoring versus usual care in patients
with type 2 diabetes receiving multiple daily insulin injections: a randomized trial. Ann
Intern Med. (2017) 167:365-74. doi: 10.7326/M16-2855

14. Olafsdéttir AE, Attvall S, Sandgren U, Dahlqvist S, Pivodic A, Skrtic S, etal. “a
clinical trial of the accuracy and treatment experience of the flash glucose monitor free
style libre in adults with type 1 diabetes. Diabetes Technol Ther. (2017) 19:164-72. doi:
10.1089/dia.2016.0392

15. Moser O, Eckstein ML, McCarthy O, Deere R, Pitt J, Williams DM, et al.
Performance of the freestyle libre flash glucose monitoring (flash GM) system in
individuals with type 1 diabetes: a secondary outcome analysis of a randomized
crossover trial. Diabetes Obes Metab. (2019) 21:2505-12. doi: 10.1111/dom.13835

16. Irace C, Coluzzi S, Di Cianni G, Forte E, Landi F, Rizzo MR, et al. Continuous
glucose monitoring (CGM) in a non-Icu hospital setting: the patient's journey. Nutr
Metab Cardiovasc Dis. (2023) 33:2107-18. doi: 10.1016/j.numecd.2023.06.021

17. McCall AL, Lieb DC, Gianchandani R, Mac Master H, Maynard GA, Murad MH,
et al. Management of individuals with diabetes at high risk for hypoglycemia: an
Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. (2023) 108:529-
€562. doi: 10.1210/clinem/dgac596

frontiersin.org


https://doi.org/10.3389/fmed.2025.1464071
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/S0140-6736(19)32319-0
https://doi.org/10.3322/caac.21660
https://doi.org/10.3389/fonc.2020.546110
https://doi.org/10.1016/j.jval.2018.07.002
https://doi.org/10.1002/14651858.CD007315.pub3
https://doi.org/10.1002/14651858.CD007315.pub3
https://doi.org/10.1016/S2213-8587(22)00319-9
https://doi.org/10.2337/dc23-1520
https://doi.org/10.1089/dia.2021.0007
https://doi.org/10.1038/s41574-024-00973-1
https://doi.org/10.1111/dme.14528
https://doi.org/10.1177/1932296815602905
https://doi.org/10.2337/dc23-2194
https://doi.org/10.7326/M16-2855
https://doi.org/10.1089/dia.2016.0392
https://doi.org/10.1111/dom.13835
https://doi.org/10.1016/j.numecd.2023.06.021
https://doi.org/10.1210/clinem/dgac596

Wang et al.

18. Cruz P. Inpatient hypoglycemia: the challenge remains. J Diabetes Sci Technol.
(2020) 14:560-6. doi: 10.1177/1932296820918540

19. Duggan EW, Carlson K, Umpierrez GE. Perioperative hyperglycemia management:
an update. Anesthesiology. (2017) 126:547-60. doi: 10.1097/ALN.0000000000001515

20. Himes CP, Ganesh R, Wight EC, Simha V, Liebow M. Perioperative evaluation and
Management of Endocrine Disorders. Mayo Clin Proc. (2020) 95:2760-74. doi:
10.1016/j.mayocp.2020.05.004

21. Van Herk P, Morin N, Dersch-Mills D, Roedler R, Ang B, Olivieri L. Risk factors
for preoperative hyperglycemia in surgical patients with diabetes: a case-control study.
Can ] Hosp Pharm. (2022) 75:34-40. doi: 10.4212/cjhp.v75i1.3253

22. Umpierrez GE, Klonoff DC. Diabetes technology update: use of insulin pumps and
continuous glucose monitoring in the hospital. Diabetes Care. (2018) 41:1579-89. doi:
10.2337/dci18-0002

23. Ajjan R, Slattery D, Wright E. Continuous glucose monitoring: a brief review for
primary care practitioners. Adv Ther. (2019) 36:579-96. doi: 10.1007/s12325-019-0870-x

24. Korytkowski MT, Muniyappa R, Antinori-Lent K, Donihi AC, Drincic AT, Hirsch
IB, et al. Management of Hyperglycemia in hospitalized adult patients in non-critical
care settings: an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab.
(2022) 107:2101-28. doi: 10.1210/clinem/dgac278

25. American Diabetes Association Professional Practice Committee. 16. Diabetes
Care in the Hospital: standards of Care in Diabetes-2024. Diabetes Care. (2024)
47:5295-306. doi: 10.2337/dc24-S016

26. American Diabetes Association Professional Practice Committee. 16. Diabetes
Care in the Hospital: standards of medical Care in Diabetes-2022. Diabetes Care. (2022)
45:5244-53. doi: 10.2337/dc22-S016

27. Cardona S, Gomez PC, Vellanki P, Anzola I, Ramos C, Urrutia MA, et al. Clinical
characteristics and outcomes of symptomatic and asymptomatic hypoglycemia in
hospitalized patients with diabetes. BMJ Open Diabetes Res Care. (2018) 6:e000607. doi:
10.1136/bmjdrc-2018-000607

28. Battelino T, Danne T, Bergenstal RM, Amiel SA, Beck R, Biester T, et al. Clinical
targets for continuous glucose monitoring data interpretation: reccommendations from
the international consensus on time in range. Diabetes Care. (2019) 42:1593-603. doi:
10.2337/dci19-0028

29. Wallia A, Umpierrez GE, Rushakoff R}, Klonoff DC, Rubin DJ, Hill Golden S, et al.
DTS continuous glucose monitoring in the hospital panel. Consensus statement on
inpatient use of continuous glucose monitoring. ] Diabetes Sci Technol. (2017)
11:1036-44. doi: 10.1177/1932296817706151

Frontiers in Medicine

09

10.3389/fmed.2025.1464071

30.Kasthuri S, Poongothai S, Anjana RM, Selvakumar J, Muthukumar S,
Kayalvizhi S, et al. Comparison of glycemic excursion using flash continuous
glucose monitoring in patients with type 2 diabetes mellitus before and after
treatment with Voglibose. Diabetes Technol Ther. (2021) 23:213-20. doi:
10.1089/dia.2019.0484

31. Gorst-Rasmussen A, Sturis J, Ekelund M. Continuous glucose monitoring sensor
glucose levels and insulin pump infusion set Wear-time during treatment with fast-
acting insulin Aspart: a post hoc analysis of onset 5. Diabetes Technol Ther. (2022)
24:10-7. doi: 10.1089/dia.2021.0199

32. Galindo RJ, Migdal AL, Davis GM, Urrutia MA, Albury B, Zambrano C, et al.
Comparison of the free style libre pro flash continuous glucose monitoring (CGM)
system and point-of-care capillary glucose testing in hospitalized patients with type 2
diabetes treated with basal-bolus insulin regimen. Diabetes Care. (2020) 43:2730-5. doi:
10.2337/dc19-2073

33. Umpierrez GE, Hellman R, Korytkowski MT, Kosiborod M, Maynard GA, Montori
VM, et al. Endocrine Society. Management of hyperglycemia in hospitalized patients in
non-critical care setting: an Endocrine Society clinical practice guideline. J Clin
Endocrinol Metab. (2012) 97:16-38. doi: 10.1210/jc.2011-2098

34.Xu Z, Qu H, Kanani G, Guo Z, Ren Y, Chen X. Update on risk factors of surgical
site infection in colorectal cancer: a systematic review and meta-analysis. Int ] Color Dis.
(2020) 35:2147-56. doi: 10.1007/s00384-020-03706-8

35. Lloyd H. Perioperative care of the adult diabetic patient. J Perioper Pract. (2020)
30:372-7. doi: 10.1177/1750458920915660

36.Oprea AD, Kalra SK, Duggan EW, Russell LL, Urman RD, Abdelmalak BB,
et al. Perioperative Management of Adult Patients with diabetes wearing devices: a
Society for Perioperative Assessment and Quality Improvement (SPAQI) expert
consensus statement. | Clin Anesth. (2024) 99:111627. doi: 10.1016/j.jclinane.
2024.111627

37. Galtier E, Pattou F, Czernichow S, Disse E, Ritz P, Chevallier JM, et al. Bariatric
surgery and the perioperative management of type 2 diabetes: practical guidelines. J Visc
Surg. (2020) 157:13-21. doi: 10.1016/j.jviscsurg.2019.07.012

38. Gao R, Zhan M, Ke S, Wu K, He G, Qi L, et al. Potential risk factors for mild
cognitive impairment among patients with type 2 diabetes experiencing hypoglycemia.
Diabetes Res Clin Pract. (2024) 207:111036. doi: 10.1016/j.diabres.2023.111036

39. Maldonado-Paredes SE, Juérez-Cedillo T, de la Pefa JE, Vaca-Marin MA,
Quinones-Villalobos C, Garrido-Acosta O, et al. Development and validation of a
questionnaire to evaluate satisfaction of the patient with diabetes at the primary care
level. ] Family Med Prim Care. (2022) 11:2073-82. doi: 10.4103/jfmpc.jfmpc_2049_21

frontiersin.org


https://doi.org/10.3389/fmed.2025.1464071
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1177/1932296820918540
https://doi.org/10.1097/ALN.0000000000001515
https://doi.org/10.1016/j.mayocp.2020.05.004
https://doi.org/10.4212/cjhp.v75i1.3253
https://doi.org/10.2337/dci18-0002
https://doi.org/10.1007/s12325-019-0870-x
https://doi.org/10.1210/clinem/dgac278
https://doi.org/10.2337/dc24-S016
https://doi.org/10.2337/dc22-S016
https://doi.org/10.1136/bmjdrc-2018-000607
https://doi.org/10.2337/dci19-0028
https://doi.org/10.1177/1932296817706151
https://doi.org/10.1089/dia.2019.0484
https://doi.org/10.1089/dia.2021.0199
https://doi.org/10.2337/dc19-2073
https://doi.org/10.1210/jc.2011-2098
https://doi.org/10.1007/s00384-020-03706-8
https://doi.org/10.1177/1750458920915660
https://doi.org/10.1016/j.jclinane.2024.111627
https://doi.org/10.1016/j.jclinane.2024.111627
https://doi.org/10.1016/j.jviscsurg.2019.07.012
https://doi.org/10.1016/j.diabres.2023.111036
https://doi.org/10.4103/jfmpc.jfmpc_2049_21

	Effects of continuous glucose monitoring in enhanced recovery after colorectal cancer patient surgery with type 2 diabetes (application of CGM in the ERAS process of CRC patient with diabetes)
	Introduction
	Patients and methods
	Continuous glucose monitoring (CGM)
	Conventional glucose analyzer (CGA)
	Measurements
	Statistical analysis

	Results
	Clinical demographics
	Blood glucose fluctuation
	Complications and hypoglycemia detection
	Eras rehabilitations
	Questionnaire results

	Discussion
	Conclusion

	References

