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ABSTRACT

Aims: To identify factors influencing hypoglycaemia in patients with type 2 diabetes mellitus (T2DM) undergoing colonoscopy
and to construct a predictive model for assessing hypoglycaemia risk.

Design: A retrospective cohort study.

Methods: We retrospectively collected data on 598 T2DM patients who underwent colonoscopy and randomised them into
a developmental cohort and a validation cohort in a 7:3 ratio. We used multivariate logistic regression to develop a predictive
model for hypoglycaemia during colonoscopy and identify independent predictors in pre- and post-colonoscopy hypoglycae-
mia groups.

Results: We identified 112 of 598 (18.7%) T2DM patients who experienced hypoglycaemia during the peri-colonoscopy period:
43 pre-colonoscopy, 61 post-colonoscopy and 8 at both junctures. Ultimately, five predictors—insulin, SGLT2 inhibitors, fasting
after colonoscopy, fasting C-peptide and estimated glomerular filtration rate (eGFR)—were integrated into the predictive model.
The AUC for predicting hypoglycaemia was 0.78 (95% CI, 0.71-0.84) and 0.82 (95% CI, 0.74-0.90) in the development and valida-
tion cohort, respectively. Variables associated with pre-colonoscopy hypoglycaemia included SGLT2 inhibitors, fasting C-peptide
and eGFR, whereas the post-colonoscopy hypoglycaemia group was associated with metformin, duration of diabetes, fasting
C-peptide and fasting after the examination.

Conclusion: This study successfully developed and validated a predictive model for assessing hypoglycaemia risk in T2DM
patients during peri-colonoscopy.

Implications for the Profession and/or Patient Care: Early identification of patients at high risk for peri-colonoscopy hypo-
glycaemia allows nurses to implement personalised preventive strategies. The predictive model enables clinical nurses to deliver
tailored interventions based on individual risk factors, potentially reducing hypoglycaemia-related complications and improving
patient safety outcomes.

Impact: This study provides nurses with a validated risk prediction tool for identifying high-risk type 2 diabetes patients during
colonoscopy, enabling targeted blood glucose monitoring protocols and preventive interventions in clinical practice.
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Reporting Method: This study follows the STROBE guidelines for reporting cohort studies.

Patient or Public Contribution: Diabetes patients contributed electronic health record datasets.

1 | Introduction

Colonoscopy is an essential procedure for the screening of col-
orectal cancer and the management of gastrointestinal health,
particularly among patients with type 2 diabetes mellitus
(T2DM) who are at an increased risk for the development of col-
orectal cancer (Lawler et al. 2023; Li et al. 2024). Patients with
T2DM are susceptible to a heightened risk of hypoglycaemia,
particularly during periods of fasting and procedural prepara-
tion (Lu et al. 2023). The preparatory phase for a colonoscopy
typically involves a low-fibre diet, an extended fasting period,
the ingestion of bowel-cleansing agents and adjustment of an-
tihyperglycaemic medications, all of which can disrupt normal
glucose homeostasis (Hochberg et al. 2019). Hypoglycaemia
not only complicates procedural outcomes and detracts from
the patient's medical experience but also constitutes a serious
and potentially life-threatening condition characterised (Chen
et al. 2023; Kattan and Abduljawad 2019). Symptoms of hy-
poglycaemia can range from mild (e.g., sweating, trembling)
to severe (e.g., seizures, loss of consciousness), and severe hy-
poglycaemia can even lead to death if not promptly addressed
(Schwartz et al. 2023).

Initial findings from our research indicated that the inci-
dence of hypoglycaemia in patients undergoing colonoscopy is
16.2%, which is substantially higher than those not undergo-
ing the procedure, at 10.1%. After adjusting for demographics
and other influencing factors, the risk of hypoglycaemia in the
colonoscopy group was approximately twice that of the non-
colonoscopy group (Yang et al. 2023), highlighting the impera-
tive for effective risk stratification and management strategies.

Nurses play a pivotal role in preventing and managing hypogly-
caemia during colonoscopy procedures. As front-line healthcare
providers, they are responsible for continuous blood glucose
monitoring, early detection of hypoglycaemic symptoms and
timely interventions throughout the peri-colonoscopy period.
The development of evidence-based risk prediction tools is
particularly crucial for nursing practice, as it enables nurses to
identify high-risk patients and implement preventive measures
proactively.

2 | Background

The predictors for the occurrence of hypoglycaemia in patients
undergoing colonoscopy are multifactorial and complex. The
conceptual framework for predicting hypoglycaemia risk during
colonoscopy in T2DM patients is based on three interrelated do-
mains: patient characteristics, treatment factors and procedure-
specific variables. This framework is supported by previous
research (Bakewell et al. 2021; Hochberg et al. 2019; Lee, Jain,
and Rajala 2020; Lu et al. 2023; Yang et al. 2023) demonstrating
the complex interplay between these factors in determining hy-
poglycaemia risk.

Patient-specific characteristics play a crucial role in deter-
mining hypoglycaemia risk. Studies have identified that pa-
tients with longer duration of diabetes demonstrate increased
susceptibility to hypoglycaemic events, likely due to progres-
sive beta-cell dysfunction and altered counter-regulatory re-
sponses (Cruz 2020; Hochberg et al. 2019). Low C-peptide
levels, reflecting impaired endogenous insulin secretion, have
been consistently associated with increased glycaemic vari-
ability and hypoglycaemia risk (Hochberg et al. 2019; Tseng
et al. 2015). Renal function, as measured by estimated glomer-
ular filtration rate (eGFR), is another important predictor as
it affects both medication clearance and glucose homeostasis.
Additionally, the presence of diabetes-related complications,
particularly autonomic neuropathy, may affect both the rec-
ognition of hypoglycaemic symptoms and the quality of bowel
preparation (Cruz 2020; Tseng et al. 2015). Treatment-related
factors significantly influence hypoglycaemia risk during
colonoscopy preparation. Insulin therapy, particularly multi-
ple daily injections, has been identified as a major risk factor
(Hochberg et al. 2019). The use of SGLT2 inhibitors requires
special consideration due to their unique mechanism of action
and potential effects on fluid balance during bowel prepara-
tion. Metformin, while not directly causing hypoglycaemia,
needs careful management due to the risk of lactic acidosis in
the context of potential dehydration during bowel preparation
(Lewandowski et al. 2021). Procedure-specific variables intro-
duce additional layers of risk. The duration of fasting, which
can vary based on procedure scheduling and bowel preparation
protocols, directly impacts glycaemic control (Lu et al. 2023).
Post-procedure dietary restrictions, particularly in cases re-
quiring polypectomy, can extend the period of altered nutri-
tion, potentially increasing hypoglycaemia risk. The type and
timing of bowel preparation agents may also influence fluid
status and glucose homeostasis (Yang et al. 2023). However,
significant gaps exist in our understanding of how these vari-
ous factors interact to predict hypoglycaemia risk specifically
in the context of colonoscopy. The integration of these factors
into a single predictive model allows for comprehensive risk
assessment that accounts for the multifaceted nature of hypo-
glycaemia risk in the peri-colonoscopy period.

Relevant studies have predominantly focused on the occur-
rence of hypoglycaemia during bowel preparation (Bakewell
et al. 2021; Lu et al. 2023), whereas our previous study revealed
that 67.6% of hypoglycaemia occurred post-colonoscopy, persist-
ing even in the few days after the procedure (Yang et al. 2023),
making it challenging for clinical nurses to identify high-risk
patients and implement appropriate preventive strategies. Given
the intricate interplay of factors affecting hypoglycaemia risk,
there is a critical requirement for robust predictive tools that can
guide clinical decision-making and improve patient outcomes.
The objective of our study was to identify the factors influencing
hypoglycaemia during colonoscopy in patients with T2DM and
to develop clinical predictive models for hypoglycaemia during
the peri-colonoscopy period. The intention was to provide a
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theoretical basis for healthcare professionals to identify individ-
uals at high risk of hypoglycaemia in a timely manner.

3 | The Study

The primary aim was to develop and validate a predictive model
for hypoglycaemia risk in T2DM during colonoscopy proce-
dures. Secondary objectives included identifying distinct risk
factors for pre- and post-colonoscopy hypoglycaemia to guide
targeted preventive interventions.

4 | Methods
4.1 | Design

We performed a retrospective cohort observational study of
patients with T2DM who underwent colonoscopy between 1
January 2021 and 31 May 2024, utilising data from the hospital’s
electronic information system.

4.2 | Study Participants

4.2.1 | Inclusion Criteria

Adult patients (>18years); diagnosed with T2DM according
to the International Classification of Diseases, Tenth Revision
(ICD-10: E11); hospitalised during the study period.

4.2.2 | Exclusion Criteria

Patients with incomplete clinical data; hospital stays of less than
24h; hypoglycaemia occurring outside of the colonoscopy pe-
riod; colonoscopy was not completed. In the model analysis of
the relationship between predictors and hypoglycaemia, we fur-
ther excluded patients with missing information on colonoscopy
factors, including those with unclear timing of colonoscopy and
inadequately documented hypoglycaemia.

4.3 | Data Collection

The researchers designed a data collection form to collect in-
formation including basic patient information, date of colonos-
copy, whether hypoglycaemia occurred during the period, when
hypoglycaemia occurred, and predictors. Based on published
literature (Lu et al. 2023; Mosquera-Lopez et al. 2023; Uemura
et al. 2022), previous studies (Yang et al. 2023) and clinical exper-
tise, predictors included in the analysis encompassed patient in-
formation (e.g., age, gender, days of hospital stay, body mass index
(BMI)); disease characteristics (e.g., duration of diabetes mellitus,
diabetic complications: diabetic retinopathy, diabetic peripheral
neuropathy, diabetic peripheral vascular disease); laboratory in-
dices (e.g., glycosylated haemoglobin Alc (HbAlc), fasting and
postprandial 2h C-peptide, fasting and postprandial 2h glucose,
eGFR); colonoscopy information (e.g., duration of fasting prior
to colonoscopy, fasting after colonoscopy). Medication variables

primarily refer to antihyperglycaemic medications administered
on the day preceding colonoscopy, including insulin, metformin,
sulfonylureas, alpha-glucosidase inhibitors, thiazolidinediones,
dipeptidyl peptidase-4 (DPP-4) inhibitors and sodium-glucose
cotransporter 2 (SGLT2) inhibitors.

We extracted data from the hospital information system for
this study. Data collection was standardised using structured
Excel forms with built-in validation rules and uniform doc-
umentation protocols. The data entry process involved dou-
ble entry by two independent researchers (HY Yang and LL
Zhang). We cross-checked electronic health records with
paper records, validated laboratory results and randomly se-
lected 10% of cases for review, paying particular attention to
key variables such as hypoglycaemic events and medication
records. Outliers and extreme cases were additionally re-
viewed for accuracy.

4.4 | Definitions of Clinical Endpoints

The clinical endpoint of our study was the occurrence of hy-
poglycaemia during the peri-colonoscopy period, defined
as a blood glucose level <70mg/dL (3.9 mmol/L) (American
Diabetes Association Professional Practice Committee 2024).
In our study, blood glucose was measured using point-of-care
capillary blood glucose testing with standard hospital grade
glucometers (Rightest GM700) during the colonoscopy proce-
dure. All glucometers undergo regular calibration and quality
control checks according to our hospital’s standard operating
procedures, and all measurements were performed by trained
nursing staff. Hypoglycaemia was determined based on the
documentation in the Nursing Electronic Case and Hospital
Information System. The peri-colonoscopy period was defined
as the time from gastrointestinal preparation (oral laxatives
starting at 8 PM the night before the procedure) until the pa-
tient began consuming regular meals after completing the
colonoscopy.

4.5 | Statistical Analysis

We used the method of mean imputation to deal with missing
data. Missing data included BMI (1.17%), 2-h C-peptide (0.72%),
postprandial 2-h glucose (0.67%), eGFR (0.67%) and HbAlc
(0.50%). Data processing and analysis were performed using R
version 4.3.0 and SPSS 25.0. Continuous variables were evalu-
ated for normality via the Kolmogorov-Smirnov method and
were presented as mean (standard deviation, SD) or median
(interquartile range, IQR) depending on whether they follow
a normal distribution. In univariate analysis, continuous vari-
ables were compared by ¢ test or Mann-Whitney U test depend-
ing on the distribution, and categorical variables, expressed
as number and/or percentage of patients, were compared by
x? test. We used multivariable logistic regression modelling to
identify independent predictors of hypoglycaemia events. Model
performance was evaluated using area under the receiver oper-
ating characteristic curve (AUC) analysis. The AUC measures
the model's ability to correctly classify patients with and with-
out hypoglycaemia events, with values >0.7 considered good
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discrimination (Alba et al. 2017). Calibration was assessed using
the Hosmer-Lemeshow goodness-of-fit test and calibration plots
comparing predicted versus observed probabilities. Net benefit
was determined using decision curve analysis.

4.6 | Development and Validation
of the Hypoglycaemia Model

The study cohort was randomly divided into derivation (70%,
n=418) and validation (30%, n=180) cohorts using computer-
generated random numbers. Univariate analyses of all de-
scriptive variables were performed with the occurrence of
hypoglycaemia (yes/no) as the dependent variable at a signif-
icance level of p<0.10 to screen candidates for multivariate
analysis. Subsequently, independent variables were identified
through a multivariate logistic regression analysis (backward
stepwise approach), and a predictive model for hypoglycaemia
during the peri-colonoscopy period in T2DM patients was con-
structed. The application of this model is illustrated through
a nomogram. Additionally, we categorised the data into pre-
colonoscopy and post-colonoscopy hypoglycaemia groups
based on the timing of hypoglycaemia onset. Logistic regres-
sion was then conducted on selected variables to determine
their independent effects on hypoglycaemia in separate multi-
variate regression models for each group.

4.7 | Ethical Considerations

The study was approved by the Ethics Committee of Shenzhen
Hospital of Traditional Chinese Medicine (approval number
K2022-148-01). Given that the patient files used in this study
were acquired from previous clinical data, the hospital ethics
committee granted the waiver of informed consent. Patient in-
formation was kept confidential under the law and no private
information such as the name, address and telephone number of
the subjects was collected.

1195 Patients were screened

707 Eligible for inclusion

5 | Results
5.1 | Patient Characteristics

Among 1195 patients who underwent colonoscopy between 1
January 2021 and 31 May 2024, a total of 598 patients diagnosed
with T2DM were included in the final analysis (Figure 1). The
mean age of the included patients was 55.65years (standard de-
viation +9.94), with 61.20% of the cohort being male, and the
median duration of diabetes among them was 9years. During
the peri-colonoscopy period, 112 patients (18.7%) reported hypo-
glycaemia, with 43 patients occurring before the colonoscopy, 61
after the procedure and 8 patients experiencing hypoglycaemia
both before and after the colonoscopy. Table 1 delineates the pa-
tient characteristics.

5.2 | Predictors Through Univariate
and Multivariate Logistic Regression Analysis

We compared the intergroup differences between the non-
hypoglycaemic and hypoglycaemic groups in the developmen-
tal cohort. As shown in Table S1, age, duration of diabetes,
BMI, fasting and 2-h postprandial C peptide, fasting plasma
glucose, eGFR, diabetic retinopathy, diabetic peripheral neu-
ropathy, insulin, metformin, sulfonylureas, DPP-4 inhibitor,
SGLT2 inhibitor and fasting after colonoscopy were entered
into multivariate analysis as candidate variables (p<0.10).
Age, duration of diabetes, BMI, fasting and 2-h postprandial
C-peptide, fasting plasma glucose and eGFR were considered
as continuous variables in the model. Following multivariate
logistic regression analysis, five predictors, insulin, SGLT2
inhibitors, fasting after colonoscopy, fasting C-peptide and
eGFR, were identified for inclusion in the predictive model
of hypoglycaemia risk during colonoscopy (Table 2). A nomo-
gram of hypoglycaemia during colonoscopy in patients with
T2DM was developed based on the results of logistic regres-
sion analysis and is presented in Figure 2.

598 enrolled

109 Patients excluded:
33 Colonoscopy not completed
31 Hypoglycemia not occurring during colonoscopy
22 Discharge diagnosis was not type 2 diabetes
17 The hospital stay of fewer than 24 hours
6 Unclear fasting times for colonoscopy

Development cohort
418 patients

l

Validation cohort

180 patients

Non hypoglycemia group Hypoglycemia group
343 patients 75 patients
[ |
¥ Receiver operating characteristic curve
Multivariable logistic regression analysis Area under the curve
and develope nomogram model Calibration curves

Decision curve analysis

FIGURE1 | Flowchart of study population selection and research procedure.
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5.3 | The Performance of Development
= and Validation Cohorts
E on
L ~ n o <&
S5 S @ ﬁ E . The AUC for predicting hypoglycaemia was 0.78 (95% CI,
= 0~ [
§ %,; g NI NN L 0.71-0.84) and 0.82 (95% CI, 0.74-0.90) in the development and
TR - g 2 AN - validation cohorts, respectively (Figure 3), indicating that the
& . . 1 .
e E‘ 5 model demonstrated a good discrimination ability in the val-
E g idation cohort. The calibration curves revealed a favourable
< g alignment between predicted and observed probabilities in the
: 'g 3 cohorts, with the Hosmer-Lemeshow goodness-of-fit test yield-
-E 9 . 2 ing a p value of 0.154 (Figure 4A) for the development cohort and
:g _% § :‘Q? ﬁ & @ ifo a p value of 1.00 (Figure 4B) for the validation cohort. Accor.ding
RS 'ﬁ‘ 2 = S~ E to the decision curve analysis, when the model's threshold is set
> S é/ E a ;«: g between 6% and 85%, the decision curve lies above the none line
"E - % and the all line (Figure 5). This indicates that, within this range,
2 5 the model provides a positive net benefit.
w
Z
g
K]
= %5, 5.4 | Analysis of Pre-Colonoscopy
£ ~ o~ ~ ~| ® and Post-Colonoscopy Impact Factors
L ~ S o [V N ]
K|S ° o« @ <o| =
= = )] <
ﬁ %‘; |=' RUBIN @ Ne) ‘3 The results of the univariate analysis of pre-colonoscopy and
2| 8> R = g 8 a post-colonoscopy hypoglycaemia groups are shown in Table S2.
& 2
~| = = - ..
o 3 In a subsequent analysis, we repeated the multivariable regres-
2 Ed sion on the entire cohort of 598 patients for two different hypo-
S § glycaemia definitions: pre-colonoscopy hypoglycaemia (n=>51)
b1 .
g -é % and post-colonoscopy hypoglycaemia (n=69) according to the
= 2 - = onset of hypoglycaemia in relation to colonoscopy. The pre-
§ ) S 3 2 2 & colonoscopy hypoglycaemia group was found to be associated
=S| S y X Q : . .
2| 'IT < L\% g > i’ with SGLT2 inhibitors, fasting C-peptide and eGFR, whereas
ARl &s e 3 E £ the post-colonoscopy hypoglycaemia group was associated with
< -~ a g metformin, duration of diabetes, fasting C-peptide and fasting
é ‘g‘ after the examination (Table 2).
g
= E 6 | Discussion
[=N) ~ ~ o
88 §E8 ¢ o nd Clinical Stomif
s g 2 g s 5 6.1 | Model Overview and Clinical Significance
— 1 o e ; 2
“ B . .
= a R 3 = g é The clinical predictive model for hypoglycaemia developed in
[=IR73 . .
= g8 T2DM patients undergoing colonoscopy presented in this study
; % offers several noteworthy advantages and innovations compared
2 to existing models. First, our model addresses a critical and
g % frequently overlooked clinical scenario: hypoglycaemia during
52 colonoscopy in T2DM patients. The incidence of hypoglycaemia
~
S = 2 in our study was 18.7%, which is slightly higher than in previ-
S iy .
= ey ous studies (Lu et al. 2023; Yang et al. 2023), suggesting that the
o= . . . .
S =85y incidence of hypoglycaemia in this context was likely underesti-
S ; s mated. This finding emphasises the crucial role of nursing staff
§ - g E in enhancing blood glucose monitoring during colonoscopy pro-
% 8 gA cedures. Furthermore, our study uniquely analysed the complete
b ; \é %:’ peri-colonoscopy period, revealing that 54.5% of hypoglycaemia
— S 5 Sa events occurred post-colonoscopy. This significant finding in-
§ 2 Lg) g g dicates the need for extended nursing surveillance, particularly
;E %D E; é g during the post-procedure recovery period.
S) 7] Q 2=
&) I+ (&) 35 —
= - % 3 @E Previous studies (Gao and Zhao 2023; Park et al. 2022; Thomsen
— [ ] . PR
» % § o4 =« o S g et al. 2023) have predominantly focused on the incidence of hy-
m R N o 5 I %g poglycaemia in T2DM patients in general clinical settings or
2 E E VI A é’ g2 2 g = under specific treatments, with a paucity of research targeting
5 22 the peri-colonoscopy period. Our study endeavours to bridge this
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TABLE 2 | Multivariate logistic regression analysis of predictors for hypoglycaemia during the peri-colonoscopy in patients with type 2 diabetes

mellitus.
Domain Variables B S.E Z P OR (95% CI)

Development cohort (n =418) Intercept 3.07 1.35 2.28 0.023  21.64 (1.53~305.37)

Insulin 0.72 0.32 2.26 0.024 2.05(1.10~3.83)

SGLT2 inhibitors -0.70 032 =214 0.032 0.50(0.26~0.94)

Fasting after colonoscopy  0.92  0.31 294  0.003 2.50 (1.36 ~4.60)

BMI -0.08 0.05 -1.62 0.105 0.92(0.83~1.02)

Fasting C-peptide -0.63 0.20 -3.18 0.001 0.53(0.36~0.79)

eGFR -0.02 0.01 -3.04 0.002 0.98 (0.96~0.99)
Pre-colonoscopy hypoglycaemia (n=598) Intercept 309 1.51  2.04 0.041 21.90(1.13~425.72)

Insulin 0.57 0.37 1.55 0.120 1.77 (0.86 ~3.65)

SGLT2 inhibitors -1.15 043 -2.68 0.007 0.32(0.14~0.73)

BMI -0.09 0.06 -1.59 0.111 0.91 (0.81~1.02)

Fasting C-peptide -0.69 0.24 =292 0.004 0.50 (0.31~0.80)

eGFR -0.03 0.01 -=3.21 0.001 0.97 (0.96~0.99)

Post-colonoscopy hypoglycaemia (n=598) Intercept -141 111 -1.27 0.204 0.24 (0.03~2.16)

Metformin -0.78 0.32 -=2.40 0.016 0.46 (0.24~0.87)

Duration of diabetes 0.04 0.02 2.10 0.036 1.04 (1.01 ~1.08)

Fasting C-peptide -0.59 019 =318 0.001 0.55(0.39~0.80)

eGFR -0.01 0.01 -145 0.146 0.99 (0.97~1.00)

HbAlc 0.12 0.06 1.94 0.052 1.13 (1.00~1.28)

Abbreviations: BMI, body mass index; CI, Confidence interval; eGFR, estimated glomerular filtration rate; HbA1lc, glycosylated haemoglobin Alc; OR: Odds ratio;

SGLT2, sodium-glucose cotransporter protein 2.

40 50 60 70 80 90 100
1

5 4 3 2 1 0

80 60 40 20

PRI B P 1
100 120 140 160 180 200 220 24

Poins 01020
Insulin H es
o
SGLT2 \'{ES—|N°
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FIGURE 2 | Nomogram for predicting hypoglycaemia during peri-colonoscopy in patients with type 2 diabetes mellitus. BMI, body mass index;

eGFR, estimated glomerular filtration rate; SGLT2, Sodium-glucose cotransporter protein 2.

gap by providing a specialised model tailored to the unique phys-
iological and procedural stressors associated with colonoscopy.
This specialised approach enables nursing staff to implement
evidence-based, targeted interventions throughout the entire
procedure cycle, significantly improving patient care quality.

A pivotal advancement of our model is its inclusion of both phar-
macological and physiological variables. By integrating insulin
therapy, SGLT?2 inhibitors, fasting after colonoscopy, fasting C-
peptide levels, BMI and eGFR, our model captures a comprehen-
sive picture of patient risk. This multifaceted approach allows

for more precise predictions compared to models constricted to
a more limited array of factors.

The predictive performance of our model, with an AUC of
0.78 in the development cohort and 0.82 in the validation co-
hort, demonstrates its robustness and reliability. These met-
rics indicate good discrimination ability, which is crucial for
clinical decision-making. Moreover, the internal validation
process underscores the model's potential for generalisability
and application in diverse clinical settings. For nursing prac-
tice, this comprehensive risk assessment facilitates the early
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identification of high-risk patients and guides the development
of individualised care plans. Nurses can utilise this model to ad-
just monitoring frequencies and implement preventive measures
based on specific predictors.

6.2 | Key Predictive Factors and Clinical
Implications

The inclusion of specific predictive predictors in our model
bears substantial clinical implications. Each factor was selected
based on its statistical significance and clinical relevance, pro-
viding valuable insights for patient management during the
peri-colonoscopy period.
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FIGURE 3 | The receiver operating characteristic curve and area
under the receiver operating characteristic curve for the prediction of
hypoglycaemia during peri-colonoscopy in patients with type 2 diabetes
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6.2.1 | Insulin Use

Insulin is a substantial contributor to the risk of hypoglycae-
mia in T2DM patients (Sanchez-Rangel, Deajon-Jackson, and
Hwang 2022). Its inclusion in our model emphasises the imper-
ative for careful monitoring and adjustment of insulin therapy
around the time of colonoscopy. Clinicians should consider re-
ducing insulin dosage or increasing the frequency of glucose
monitoring as a precautionary measure against hypoglycaemia.
Future clinical research should be directed towards develop-
ing and validating tailored protocols for insulin adjustment
that are specifically designed for the peri-colonoscopy period.
Randomised controlled trials could serve to compare different
insulin dosing strategies, such as reduced pre-procedure dosage
regimens versus continuous glucose monitoring-guided adjust-
ments, to determine the most effective approach for maintain-
ing euglycaemia. Nurses should implement more frequent blood
glucose monitoring for insulin-treated patients and be prepared
to respond promptly to any signs of hypoglycaemia.

6.2.2 | SGLT2 Inhibitors

In our predictive model for assessing hypoglycaemia risk during
colonoscopy, the utilisation of SGLT2 inhibitors emerged as a
significant protective factor. SGLT2 inhibitors lower blood glu-
cose levels by facilitating the excretion of glucose in the urine
(Dharia et al. 2023). Unlike other antidiabetic medications that
increase insulin levels or enhance insulin sensitivity, SGLT2
inhibitors reduce glucose reabsorption in the kidneys. This
mechanism is independent of insulin secretion and is less likely
to cause hypoglycaemia, especially in the fasting state (Vallon
and Verma 2021). Clinical trials and real-world studies have
consistently demonstrated that SGLT2 inhibitors are associated
with a lower risk of hypoglycaemia compared to other glucose-
lowering medications in comparison to other glucose-lowering
medications such as sulfonylureas or insulin (GRADE Study
Research Group et al. 2022). This is particularly relevant during
periods of fasting, such as before a colonoscopy, where the risk of
hypoglycaemia is heightened. Patients prescribed SGLT2 inhib-
itors might represent a subgroup with superior overall diabetes
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FIGURE 4 | Calibration curve for the prediction of hypoglycaemia during peri-colonoscopy in patients with type 2 diabetes mellitus. (A)

Development cohort; (B) Validation cohort.
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FIGURE 5 |
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management and adherence to therapeutic protocols. This could
reflect a selection bias where patients on SGLT2 inhibitors are
more likely to exhibit well-controlled diabetes and, consequently,
a reduced baseline risk of hypoglycaemia. Further studies are
warranted to explore the protective role of SGLT2 inhibitors in
different clinical settings and patient populations.

6.2.3 | Fasting C-Peptide Levels

Fasting C-peptide is a marker of endogenous insulin secretion.
Lower levels of it may indicate impaired beta-cell function and
a higher propensity for hypoglycaemia (Christensen et al. 2020).
Including fasting C-peptide in the model provides a physiolog-
ical foundation for assessing hypoglycaemia risk, allowing for
more personalised strategies for patient management. Nurses
should pay particular attention to patients with low C-peptide
levels, implementing more intensive monitoring protocols and
ensuring prompt nutritional support when appropriate.

6.2.4 | eGFR

Renal function, as measured by eGFR, is a pivotal determinant
of drug clearance and glucose homeostasis. Reduced eGFR can
lead to the accumulation of hypoglycaemic agents and impaired
gluconeogenesis (Galindo et al. 2023). By incorporating eGFR
into the model, we account for the renal contribution to hypogly-
caemia risk, thereby guiding clinicians in adjusting medication
dosages and monitoring renal function closely. This emphasises
the need for nursing staff to consider renal function when as-
sessing hypoglycaemia risk and planning care interventions.

6.2.5 | Fasting After Colonoscopy

Extended fasting periods can precipitate hypoglycaemia (Herz
et al. 2023), particularly in patients with compromised glucose
regulation. In our study, a significant proportion of patients re-
quired prolonged fasting (up to 96h) due to polypectomy pro-
cedures. This extended fasting necessity stems from the higher
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Decision curve analysis for predicting hypoglycaemia during peri-colonoscopy in patients with type 2 diabetes mellitus. (A)

prevalence of adenomatous polyps in T2DM patients and their
subsequent therapeutic requirements.

6.2.6 | Fasting Before Colonoscopy

Despite the clinical expectation that the duration of pre-
colonoscopy fasting time would be a significant predictor of
hypoglycaemia risk in T2DM patients, this variable was not in-
cluded in our predictive model. In the original data of our study,
elderly patients are typically scheduled for colonoscopy in the
morning (with a fasting period of less than 12 h before the proce-
dure). This age-related difference could introduce confounding
effects, where the impact of fasting duration on hypoglycaemia
risk is intertwined with age-related metabolic and physiological
variations. Older patients may possess a higher baseline risk of
hypoglycaemia due to factors such as longer disease duration,
comorbidities and decreased physiological resilience, which
could overshadow the effect of fasting duration. Future research
should continue to explore the impact of fasting duration, possi-
bly with more standardised fasting protocols.

6.3 | Pre- and Post-Colonoscopy Predictor Analysis

Our stratified analysis revealed distinct predictors associated
with hypoglycaemia occurring before and after colonoscopy.
This differentiation is of clinical significance as it allows for
targeted interventions based on the timing of hypoglycae-
mia onset.

6.3.1 | Pre-Colonoscopy Hypoglycaemia

This group was found to be associated with SGLT2 inhibitors,
fasting C-peptide and eGFR. The association with SGLT2 in-
hibitors and eGFR suggests that renal function and medication
management play crucial roles in pre-procedural hypoglycae-
mia risk. Monitoring and potentially potential adjustment of
SGLT2 inhibitor use before colonoscopy, especially in patients
with lower eGFR, could mitigate this risk. Additionally, lower
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fasting C-peptide levels signify the necessity for vigilant mon-
itoring of endogenous insulin secretion and potential adjust-
ments in insulin therapy.

6.3.2 | Post-Colonoscopy Hypoglycaemia

This group was associated with the utilisation of metformin,
duration of diabetes, fasting C-peptide levels and fasting after
the examination. The inclusion of metformin suggests that
the use of metformin may influence post-procedural hypo-
glycaemia risk. Clinicians should consider these factors when
planning post-colonoscopy care, ensuring prompt nutritional
support and monitoring glucose levels. The longer duration of
diabetes indicates that patients with a longer history of the dis-
ease may require more intensive monitoring and management.
This temporal differentiation of predictors enables nurses to
adjust their monitoring focus and interventions according to
the procedure phase, enhancing the efficiency and effective-
ness of patient care.

6.4 | Study Limitations

Despite the strengths of our study, there are several limitations
that should be acknowledged. First, the retrospective design
inherently limits the scope for ascertaining causality. While
our model identifies associations between predictors and the
occurrence of hypoglycaemia, prospective studies are neces-
sary to confirm these findings and refine the model further.
Second, the study population was drawn from a single hospi-
tal's electronic information system, which may limit the gen-
eralisability of the results. Although internal validation was
performed, external validation in diverse populations and as-
sorted care settings is necessary to confirm the model's uni-
versal applicability across different clinical environments.
Third, the reliance on electronic health records (EHR) data
introduces potential biases related to the fidelity and exhaus-
tiveness of these records. Misclassification of hypoglycaemia
events or incomplete documentation of relevant variables
could impact the model's output. It is therefore incumbent
upon future research to supplement and validate EHR data via
direct clinical observations and patient self-reporting to for-
tify the model's reliability. Fourth, the study did not explore
the impact of different colonoscopy preparation protocols on
hypoglycaemia risk. Variations in preparation methods, such
as the type and timing of bowel-cleansing agents, may influ-
ence glucose levels and hypoglycaemia risk. Furthermore, our
study was conducted in a setting where T2DM patients are typ-
ically admitted for colonoscopy procedures, which differs from
the outpatient-based approach common in North America and
Europe. This difference in healthcare delivery models may af-
fect the generalisability of our findings to healthcare systems
where colonoscopy is primarily performed on an outpatient
basis. The intensive monitoring possible in an inpatient set-
ting may have influenced both the detection of hypoglycaemic
events and the timing of interventions. Future studies should
validate these findings in outpatient settings to better under-
stand how different healthcare delivery models might impact
hypoglycaemia risk assessment and management.

6.5 | Implications for Future Nursing Research

This study provides important directions for future nursing re-
search. First, external validation studies in diverse clinical set-
tings, particularly in outpatient colonoscopy centres, are needed
to evaluate the model's generalisability. Second, based on the
identified risk factors, standardised nursing protocols should be
developed, including specific measures for blood glucose moni-
toring frequency, timing of nutritional support and complication
prevention. Additionally, nurse-led intervention studies are neces-
sary to evaluate the impact of prediction model-based nursing in-
terventions on patient outcomes and nursing efficiency. Given the
high incidence of post-procedure hypoglycaemia, future research
should focus on developing post-procedure nursing management
strategies, including optimisation of patient education and dietary
guidance. These studies will help enhance the evidence base for
nursing practice and improve the quality of patient care.

7 | Conclusion

This predictive model has several important implications for
clinical practice. Healthcare institutions should integrate this
risk assessment tool into their colonoscopy preparation pro-
tocols, with specific guidelines for medication adjustment
and monitoring frequencies based on individual risk factors.
Nursing departments should develop standardised protocols for
blood glucose monitoring and intervention based on the model's
risk stratification. Policy makers should consider incorporating
risk-based screening into quality metrics for endoscopy units.
Future work should focus on: (1) external validation studies in
diverse healthcare settings, particularly in outpatient facilities;
(2) development of automated risk calculation tools integrated
into electronic health records; (3) evaluation of the model's im-
pact on patient outcomes and healthcare costs; and (4) adapta-
tion of the model for special populations such as elderly patients
or those with comorbidities. Implementation studies examining
the model's integration into clinical workflows and its effect on
nursing efficiency are also warranted.
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