Supplementary Appendix
Analytic Code, Model Specifications, Diagnostics, and Data Dictionary
1. Mixed-Effects Model Specifications
Mixed-effects linear regression models were used to evaluate the association between glycemic variability (coefficient of variation, %CV) and continuous glucose monitoring (CGM) metrics. Random intercepts were included for participant ID to account for within-participant repeated measurements.
Model 0 (Unadjusted): Outcome_ij = β0 + β1(CV_ij) + u0i + εij
Model 1 (Adjusted: Age + BMI): Outcome_ij = β0 + β1(CV_ij) + β2(Age_i) + β3(BMI_i) + u0i + εij
Model 2 (Adjusted: Age + Diabetes Duration): Outcome_ij = β0 + β1(CV_ij) + β2(Age_i) + β3(DD_i) + u0i + εij
Model 3 (Adjusted: Age + Insulinotropic therapy): Outcome_ij = β0 + β1(CV_ij) + β2(Age_i) + β3(Insulinotropic_i) + u0i + εij
Model 4 (Adjusted: Age + Mean Glucose): Outcome_ij = β0 + β1(CV_ij) + β2(Age_i) + β3(Average_i) + u0i + εij
Where u0i represents the participant-level random intercept and εij represents the residual error term.
2. Outcomes
- Time in Range (TIR, % of glucose values between 70–180 mg/dL)
- Time Above Range (TAR, % of glucose values >180 mg/dL)
- Time Below Range (TBR, % of glucose values <70 mg/dL)
- Average glucose (mg/dL)
3. Model Diagnostics
Model assumptions were evaluated using residual diagnostics. Residual vs fitted plots were examined to assess homoscedasticity. Normal Q–Q plots were used to evaluate approximate normality of residuals. Random-effects Q–Q plots assessed the distribution of participant-level random intercepts. Histograms of residuals were also inspected. Simulation-based residual diagnostics were additionally performed where appropriate.
4. Multicollinearity Assessment
Multicollinearity among fixed-effect predictors was assessed using Variance Inflation Factors (VIF). VIF values were calculated from corresponding linear models including the same fixed effects. VIF values <5 were considered indicative of acceptable levels of multicollinearity.
5. Sensitivity Analysis for Zero-Heavy Outcomes
Because time below range (TBR) is bounded and may contain many zero values, a sensitivity analysis was conducted using a mixed-effects logistic regression model evaluating the presence of any hypoglycemia (TBR > 0). This model assessed whether glycemic variability (%CV) was associated with the odds of experiencing any hypoglycemia event.
6. Reproducible R Code
The following example code illustrates the implementation of mixed-effects models used in this study.
library(lme4)
library(lmerTest)
library(performance)

# Mixed-effects model example
model_TBR <- lmer(TBR ~ CV + Age + DD + (1|ID), data=df)

summary(model_TBR)

# Calculate marginal and conditional R2
r2(model_TBR)

# Logistic sensitivity analysis
df$TBR01 <- ifelse(df$TBR > 0, 1, 0)

model_logistic <- glmer(TBR01 ~ CV + Age + DD + (1|ID),
                        data=df,
                        family=binomial)

summary(model_logistic)













7. Data Dictionary
	Variable
	Description

	ID
	Participant identifier

	Date
	Date of CGM observation

	Age
	Age of participant (years)

	DD
	Diabetes duration (years)

	BMI
	Body mass index (kg/m²)

	Average
	Mean interstitial glucose from CGM (mg/dL)

	TIR
	Time in range 70–180 mg/dL (%)

	TBR
	Time below range <70 mg/dL (%)

	TAR
	Time above range >180 mg/dL (%)

	CV
	Coefficient of variation of glucose (%)

	TBR01
	Binary indicator of hypoglycemia occurrence (1 if TBR > 0)

	54
	Number of glucose readings <54 mg/dL

	5469
	Number of glucose readings 54–69 mg/dL

	181250
	Number of glucose readings 181–250 mg/dL

	250
	Number of glucose readings >250 mg/dL

	Insulinotropic
	Indicator for insulin or sulfonylurea therapy




