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Abstract

Background: Cystic fibrosis related diabetes (CFRD) is associated with pulmonary decline and 

compromised nutritional status. Emerging data suggest that CFTR dysfunction may play a direct 

role in the pathogenesis of CFRD; however, studies investigating the effect of CFTR modulators 

on glycemic outcomes in patients with cystic fibrosis (CF) have shown mixed results. The impact 

of elexacaftor-tezacaftor-ivacaftor (ETI) on glycemic control is currently unknown. Our objective 

was to investigate the effect of ETI initiation on glycemia in adults with CF using continuous 

glucose monitoring (CGM).

Methods: In this prospective observational study, 34 adults with CF and at least one F508del 

CFTR mutation wore CGM sensors for 14 days prior to starting ETI and again 3–12 months 

after ETI initiation. Hypoglycemia symptoms were queried at each visit, and most recent 

anthropometric measures and spirometry data were obtained by chart review.

Results: Twenty-three participants completed the study. Compared to baseline, average glucose 

(AG), standard deviation (SD), % time >200 mg/dL, and peak sensor glucose decreased with 

ETI treatment, and % time in target range 70–180 mg/dL increased. Improvements in glycemic 

parameters were most notable in individuals with CFRD. There was no significant change in 

CGM-measured or self-reported hypoglycemia before and after ETI initiation.
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Conclusion: Initiation of ETI in adults with CF was associated with improvement CGM-derived 

measures of hyperglycemia and glycemic variability with no effect on hypoglycemia. Further 

studies are needed to investigate underlying etiology of these changes and the long-term impact of 

ETI on glycemic control in patients with CF.
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1. INTRODUCTION:

As life expectancy for patients with cystic fibrosis (CF) improves, there has been an 

increased prevalence of non-pulmonary complications, most notably CF-related diabetes 

(CFRD). CFRD affects roughly 20% of adolescents and 35–50% of adults with CF and 

is associated with increased exacerbation frequency, decreased pulmonary function, lower 

weight, complications post-transplant, and earlier mortality [1–5].

The etiology of CFRD is likely multifactorial, related to islet cell dysfunction and β-

cell loss from pancreatic exocrine obstruction and zygomen autodigestion, as well as 

increased insulin resistance from inflammatory cytokines and stress hormones. Although 

controversial, some studies in vitro and in animal models suggest that defective cystic 

fibrosis transmembrane conductance regulator (CFTR) protein is expressed in β-cells and 

has a direct role in the pathogenesis of CFRD [3,6–8]. Evidence of impaired β-cell 

function, most notably via decreased first-phase insulin secretion and relative proinsulin 

accumulation, has been observed even in younger individuals with stable pulmonary disease 

and nutritional status [3]. Early glycemic abnormalities have also been noted in infants and 

toddlers with CF, prior to the expected development of significant pancreatic damage and 

islet cell loss [4,5].

CFTR modulators are a group of targeted therapeutics aimed at correcting and/or 

potentiating the dysfunctional CFTR protein. Ivacaftor significantly improves percent 

predicted forced expiratory volume in 1 second (FEV1), exacerbation frequency, nutritional 

status, and quality of life measures in patients with CFTR gating mutations including 

G551D [9,10]. Several small studies have shown a beneficial effect of ivacaftor on glycemia 

in patients with this mutation [10–14]. The combination of ivacaftor with lumacaftor 

or tezacaftor was approved for patients homozygous for F508del mutation; however, 

pulmonary and glycemic benefits have been less significant [15–18]. Recent clinical trials 

of elexacaftor-tezacaftor-ivacaftor (ETI) showed substantial improvements in pulmonary and 

nutritional outcomes in patients with ≥1 copy of the F508del mutation [19]. The effects of 

ETI on glycemic status in patients with CF are currently unknown.

Continuous glucose monitors (CGM) use minimally invasive subcutaneous sensors to 

measure interstitial glucose levels every 5–15 minutes, providing comprehensive glycemic 

data over the course of the day and night. CGM has been validated in patients with CF and 

has been shown to detect early glycemic variability otherwise missed on 2-hour oral glucose 

tolerance testing (OGTT) [4,20–23]. We previously found that CGM-derived measures of 
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hyperglycemia and glycemic variability correlate with important CF outcomes including 

BMI and pulmonary function [24]. However, few studies have used CGM to investigate the 

effect of CFTR modulators on glycemia.

We conducted a prospective, single-center observational study in adults with CF with and 

without CFRD as they started treatment with ETI, using CGM to capture changes in 

glycemic measures over time in the real-world setting. We hypothesized that ETI would 

improve average glucose (AG) and other CGM markers of hyperglycemia and glycemic 

variability before and after ETI initiation.

2. STUDY DESIGN AND METHODS

2.1 Study Population

Thirty-four adults with CF and at least one F508del mutation who were planning to start ETI 

therapy were recruited from a large academic CF center. Participants both with and without 

a diagnosis of CFRD were included in the study to capture a wide range of glycemia. 

For participants with pre-existing CFRD, the diagnosis of diabetes was confirmed by chart 

review based on criteria established by the American Diabetes Association and Cystic 

Fibrosis Foundation [25]. Exclusion criteria included current pregnancy and age <18 or 

>70 years. The study was approved by the Boston Children’s Hospital Institutional Review 

Board (Boston, MA). Written informed consent was obtained from all participants.

2.2 Clinical Assessments

Study visits took place at the time of concurrent clinical care. Baseline visits were 

scheduled within three months of expected ETI initiation, including up to the time of drug 

initiation. Due to research closures and safety concerns related to the COVID-19 pandemic, 

follow-up visits initially scheduled for three months after ETI initiation were delayed to 

up to 12 months, and some follow-up visits were completed virtually. Participants were 

queried at each visit regarding medical history, baseline and interval CF exacerbations 

and hospitalizations, medication use (including oral glucocorticoids, insulin, and CFTR 

modulators), the frequency of hypoglycemia symptoms over the preceding 12 weeks, and 

physical activity (Modified Activity Questionnaire, MAQ) [26]. Additional data collected 

by chart review included CFTR genotype, pancreatic insufficiency, most recent hemoglobin 

A1c (HbA1c) levels, anthropometric measures, and spirometry results (FEV1 and forced 

vital capacity [FVC]).

2.3 CGM Procedures

Blinded CGM sensors (Freestyle Libre Pro, Abbott Laboratories, Illinois) were placed at 

each study visit. Participants wore each sensor for 14 days, then mailed the sensor to the 

research staff for data capture. Participants already using the Dexcom G6 or Freestyle Libre 

CGM used their own sensors (n=8). These subjects were not blinded to their own data, 

as it was being used for day-to-day diabetes management. For participants who completed 

follow-up visits virtually, CGM sensors were mailed to their home address and self-inserted 

with study physician guidance via video conferencing.
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Primary CGM measures of interest included AG, % time in range 70–180 mg/dL, 

hypoglycemia measures (% time <70 mg/dL, % time <54 mg/dL), hyperglycemia measures 

(% time >140 mg/dL, % time >200 mg/dL, % time >250 mg/dL), and measures of glycemic 

variability (standard deviation [SD], and coefficient of variation [CV]).

2.4 Statistical Analyses:

Statistical analysis was performed using STATA (version 16, 2019; College Station, TX: 

StataCorp LLC). Normality was assessed for all variables using the Shapiro-Wilk test. 

Baseline characteristics were compared between participants divided by glycemic category 

(CFRD vs non-CFRD) and between participants who did and did not complete the 

study using independent t-tests or Mann-Whitney U tests for normally and non-normally 

distributed data, respectfully. Categorical variables were compared using chi square tests. 

Analyses examining change over time were limited to participants who completed the 

follow-up visit (n=23). Changes in CGM measures, hypoglycemic symptoms, and other 

clinical outcomes before and after starting ETI were analyzed using Wilcoxon signed rank 

tests, followed by subgroup analyses evaluating within-group change in CGM measures in 

those with and without CFRD. Comparison of changes in CGM measures between those 

with and without CFRD were performed using independent t-tests or Mann-Whitney U tests. 

The correlations between absolute changes in CGM-derived glycemic measures and FEV1, 

BMI, and length of time between study visits were assessed using Pearson and Spearman 

correlation analysis for normally and non-normally distributed data, respectively.

2.5 Sample size considerations

Significant participant drop-out occurred due to the COVID-19 pandemic. Original sample 

size considerations were based on data collected in the Massachusetts General Hospital 

Glycemic Measures Project, an observational study that collected CGM data in adults with 

CF at two time points over a 3-month period [24]. In a subset of participants with available 

data from this study, the mean change in AG over three months was 8.5±10.6 mg/dL. Using 

these data, a sample size of 16 would be required to achieve a power of 80% at a two-sided 

alpha level of 0.05 to detect a significant difference. We doubled this estimate to account for 

the possibility of drop-out, lost data, and for pre-planned subgroup analyses. Therefore, the 

final number of subjects in this study (n=23) was adequate for assessment of our primary 

outcome in the entire sample, though power was limited for subgroup analyses.

3. RESULTS:

Baseline clinical characteristics of enrolled participants (n=34) are summarized in Table 1. 

All participants had a history of exocrine pancreatic insufficiency and at least one copy 

of the F508del mutation. Approximately half (44%) of participants were previously taking 

other CFTR modulators. Seventeen participants (50%) had pre-existing CFRD. Participants 

with CFRD had a higher rate of prior modulator use compared to those without CFRD 

(64.7% vs 23.5%, p=0.016). Apart from HbA1c values and insulin usage, participants with 

and without CFRD did not significantly differ (Table 1). Of the 17 participants with CFRD, 

15 (88%) were using insulin, including two on insulin pumps. The two participants with 

Scully et al. Page 4

J Cyst Fibros. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



CFRD not using insulin had mild CFRD with significant endogenous β-cell function and 

preferred to manage their diabetes with intensive dietary modification.

Ten participants were either lost to follow-up or unwilling to complete the study virtually, 

and one participant died during the study period due to unrelated pulmonary complications. 

The rate of prior modulator use was significantly higher in participants who completed the 

study (56.5% vs 18.2%, p=0.035). There were otherwise no significant differences between 

participants who did or did not complete the study including age, gender, genotype, BMI, 

FEV1, HbA1c, and CFRD status (data not shown).

In those who completed the study, baseline CGM data were collected a median 2.6 weeks 

prior to ETI initiation (range 0–17.6 weeks). CGM data collection overlapped with ETI 

initiation in one subject. Follow-up CGM data were collected a median 7.1 months post-ETI 

initiation (range 3–11 months). All participants confirmed taking ETI at the follow-up visit 

with no significant lapses in therapy or modified dosing. None of the participants reported 

hospitalization or CF exacerbation within the three months preceding their final visit.

Table 2 shows glycemic and clinical outcomes before and after ETI initiation, and Figure 1 

displays the absolute change in CGM measures from baseline to follow-up. CGM-derived 

AG, SD, % time 70–180 mg/dL, % time >200 mg/dL, peak sensor value, FEV1 and FVC 

significantly improved with ETI treatment. No significant change was detected in measures 

of hypoglycemia (% time <54 mg/dL and % time <70 mg/dL), MAQ score, weight, or 

BMI (Table 2). The prevalence of symptomatic hypoglycemia at baseline and follow-up 

did not significantly differ (60% vs 70% of participants, p=0.67), and the reported rate of 

symptomatic hypoglycemic episodes over the prior three months did not change with ETI 

treatment (1.2 vs 1.3 episodes per week, p=0.72).

In subgroup analyses evaluating those with and without CFRD, both groups had significant 

improvements in % time >200 mg/dL and in spirometry measures (Table 2). Participants 

with CFRD (n=14) also had significant improvements in AG, SD, and % time 70–180 

mg/dL, and weight (Table 2 and Figure 1). Neither group had significant change in MAQ 

score. Insulin total daily dose did not significantly change after ETI initiation in participants 

with CFRD. There were no significant differences in change in CGM measures from 

baseline to follow-up between patients with and without CFRD (Figure 1), though there 

was a trend toward a greater decrease in AG in those with CFRD (−18±7 mg/dL vs −2±4 

m/dL, p=0.06).

On univariate correlation analyses in all participants, change in FEV1 was inversely 

correlated with change in SD (r=−0.60, p=0.01) with a trend noted between FEV1 change 

and % time >200 mg/dL change (r=−0.48, p=0.051). Changes in all other CGM measures 

were not significantly associated with changes in weight, BMI, or FEV1 (p>0.05 for all). 

The time between study visits also did not correlate with change in CGM measures (p>0.05 

for all).
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4. DISCUSSION:

In this prospective observational study, ETI initiation in adults with CF was associated with 

significant improvements in CGM-derived measures of AG, hyperglycemia, and glycemic 

variability, with no change in hypoglycemia detected by CGM or reported symptoms. 

Glycemic improvements with ETI were noted in participants both with and without CFRD 

and were most notable in those with CFRD. A decrease in CGM-measured SD was 

correlated with an increase in FEV1, suggesting that those with the greatest pulmonary 

benefits with ETI also had the most improvement in glycemic variability.

To our knowledge, this is the first prospective study investigating the impact of ETI initiation 

on dysglycemia in patients with CF. Prior studies investigating the effects of other CFTR 

modulators on glycemic control have shown mixed results. Ivacaftor has been associated 

with improved dysglycemia in patients with CF with gating mutations. A pilot study in 

patients ages 6–52 years with the G551D mutation reported improved insulin response to 

oral and IV glucose loading in four of the five participants after starting ivacaftor [12]. 

A prospective observational study in 24 patients with gating mutations found a small but 

significant reduction in HbA1c after six months of ivacaftor (median 42.5 vs 39.5 mmol/

mol, p= 0.004) [27]. In contrast, studies investigating the effect of lumacaftor-ivacaftor 

on dysglycemia in patients with F508del mutations have shown inconsistent results. A 

prospective study of nine youth with homozygous F508del CF found no significant 

improvements in HbA1c, OGTT, or CGM data after 29 weeks of lumacaftor-ivacaftor [17]. 

Although one study in 40 children and adults with CF reported significant improvement in 

abnormal glucose tolerance after one year of ivacaftor/lumacaftor treatment [28], another 

found lumacaftor/ivacaftor therapy did not improve insulin secretion or glucose tolerance at 

3, 6, and 12 months of treatment [29]. Published data suggest that ETI leads to substantially 

greater improvements in pulmonary function and nutritional status in patients with one or 

two copies of F508del than previous modulators [19], and this greater efficacy may explain 

in part the more pronounced glycemic benefits we observed with ETI compared to studies 

with other modulators.

The specific mechanisms underlying the glycemic improvements observed in our study 

are unclear and likely multifactorial. Although the pathophysiology of CFRD has been 

attributed primarily to the effects of CFTR dysfunction on the exocrine pancreas causing 

islet dysfunction and β-cell loss, there are controversial data suggesting that CFTR may 

also be expressed in pancreatic β-cells and play a direct role in insulin secretion. Similar to 

the sulfonylurea receptor, a key mediator of β-cell function and insulin signaling, CFTR is 

a member of the ABCC subfamily of ATP-binding cassette transporter proteins [3]. Some 

though not all studies have identified CFTR expression in β-cells, and data investigating 

the effects of inhibiting or augmenting CFTR on insulin secretion are conflicting [6–8]. If 

CFTR is expressed in β-cells and CFTR dysfunction contributes to insulin deficiency, then 

improving CFTR activity with CFTR modulators may enhance β-cell function and insulin 

secretion. At the same time, indirect effects of CFTR modulation on β-cell function may 

also occur via relief of islet inflammation, enhanced incretin secretion, and/or improved 

exocrine function and paracrine signaling [3]. In addition, insulin resistance may be 
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improved by reduced systemic inflammation and infections and increased physical activity, 

though in our study physical activity score did not change after ETI initiation.

In subgroup analyses, participants with CFRD had significant within-group glycemic 

improvements in CGM measures of AG, hyperglycemia, and glycemic variability after 

starting ETI. The % time in target range 70–180 mg/dL increased to over 70% (the 

recommended treatment goal for patients with type 1 and 2 diabetes [30]) suggesting 

that starting ETI allowed participants to achieve recommended diabetes therapy goals. 

Interestingly, these glycemic improvements were noted despite no change in total daily 

dose of insulin before and after starting ETI. Participants without CFRD also had a reduction 

in time spent in hyperglycemic range >200 mg/dL, suggesting that glycemic improvements 

with ETI also occur in those without diabetes, though the small number in this group (n=9) 

limited the power to detect changes in other CGM measures.

Hypoglycemia is a reported side effect of CFTR modulators, and there have been anecdotal 

reports of an increase in incidence of hypoglycemia with ETI in clinical use. In this study, 

we did not find an increase in time spent in hypoglycemic ranges <70 mg/dL and <54 mg/dL 

or in participant report of hypoglycemic symptoms. However, we did not capture CGM 

data shortly after ETI was started and may have missed hypoglycemia occurring during this 

period.

These real-world results showing glycemic benefits of ETI have important implications 

in the post-modulator era. Because early hyperglycemia may negatively impact clinical 

outcomes in patients with CF, ETI may have not only direct benefits on pulmonary 

function and nutritional status but also indirect benefits by improving glycemia and reducing 

diabetes-related complications and morbidity with time. Emerging data are suggesting 

favorable trends in prevalence of CFRD in patients with CF and gating mutations treated 

with ivacaftor over five years [10]. This, in combination with our findings, raises the 

promising possibility that ETI initiation could improve dysglycemia and delay progression 

to CFRD, particularly as ETI receives FDA approval in younger children. This study 

highlights the importance of larger, long-term prospective studies investigating the impact on 

ETI on dysglycemia and CFRD prevalence in this patient population.

The strengths of this study include the prospective nature of data collection and the use 

of CGM for comprehensive characterization of glycemic changes over time. However, 

this study was limited by a relatively small number of participants in relatively good 

baseline health recruited from a single center. The timing of the COVID-19 pandemic 

significantly widened our follow-up time range and impacted study retention, which could 

have increased the variability in the glycemic results; however, there was no correlation 

between glycemic changes and length of time between visits, and the number of participants 

was still adequate to detect significant changes in glycemic measures. Because many 

follow-up visits were completed virtually, weight and spirometry measurements were 

missing in multiple participants, and spirometry measures included both in-clinic and home 

spirometer results. In addition, the inclusion of a control group of patients not receiving 

ETI could have potentially strengthened the study design; however, this was not feasible 

given the narrow recruitment window after FDA approval of ETI and the limited number 

Scully et al. Page 7

J Cyst Fibros. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of potential patients who did not qualify for this medication. We did not obtain OGTT 

or direct measures of insulin secretion at baseline and follow-up, and few participants 

without previously diagnosed CFRD had a recent OGTT to characterize their baseline 

glycemic status. Similarly, we did not obtain biochemical markers of illness severity, such as 

inflammatory markers, which may have been useful in assessing the etiology of participants’ 

glycemic improvements. Because of the observational design, ETI was managed by the 

participants’ clinical providers, and assessment of compliance was limited to participants’ 

self-report. In addition, insulin total daily dose was obtained by participant recall, potentially 

limiting the accuracy of these results. Participants consumed their free-living diets while 

enrolled; therefore, we did not account for any dietary changes (e.g. altered carbohydrate 

content) that may alter glycemic excursions and variability. Finally, CGM glucose data were 

only available at two distinct 14-day periods for each participant. Continuous CGM data 

collection throughout the entire study may have provided more comprehensive glycemic 

data and provided insight into the timing of participants’ glycemic improvements.

5. CONCLUSION:

ETI initiation in adults with CF was associated with improvement CGM-derived measures 

of hyperglycemia and glycemic variability. These findings occurred across a range of 

glycemic abnormalities, particularly in participants with underlying CFRD. ETI did not 

have a significant effect on CGM-measured or subjectively-reported hypoglycemia. While 

the pathophysiology of dysglycemia in CF and the mechanism of ETI’s glycemic benefits 

are still being investigated, the possibility of CFTR having a direct role in β-cell function 

remains intriguing. Further studies are needed to understand the etiology of these glycemic 

benefits and to investigate the long-term impact of ETI on dysglycemia and progression to 

CFRD.
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CF cystic fibrosis

CFRD cystic fibrosis related diabetes

CFTR cystic fibrosis transmembrane conductance regulator

ETI elexacaftor-tezacaftor-ivacaftor

FEV1 forced expiratory volume in 1 second

FVC forced vital capacity

HbA1c hemoglobin A1c

OGTT oral glucose tolerance test

TIR time in range
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Highlights

Elexacaftor/tezacaftor/ivacaftor (ETI) was associated with improved glycemia.

The frequency of hypoglycemia did not change with treatment.

Further studies are needed to understand the implications of these findings.
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Figure 1. Changes in CGM Measures Before and After ETI Initiation
Changes in CGM measures before and after ETI-initiation are displated for a.) AG, SD, and 

peak glucose reported in mg/dL, and b) CV and time spent in glycemic ranges reported in 

percentages. Data are displayed as mean ± SEM.

* p value <0.05 for within group change from baseline to follow-up; no significant 

differences in glycemic changes were detected between the CFRD vs non-CFRD groups.

CGM, continuous glucose monitor; CFRD, cystic fibrosis related diabetes; ETI, elexacaftor/

tezacaftor/ivacaftor; AG, average glucose; SD, standard deviation; CV, coefficient of 

variation
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Table 1.

Baseline Characteristics

Total (n=34) Non-CFRD (n=17) CFRD (n=17) p-value

Age (years) 30.6 ± 1.5 28.8 ± 2.0 32.4 ± 2.2 0.248

Female 19 (56%) 12 (71%) 7 (41%) 0.084

Race

 - White 33 (97%) 16 (94%) 17 (100%) 0.317

 - Black 0 0 0

 - Asian 0 0 0

 - Native Hawaiian or Pacific Islander 0 0 0

 - American Indian or Alaskan Native 1 (3%) 1 (6%) 0

 - Other 0 0 0

Ethnicity

 - Hispanic 0 0 0

 - Non-Hispanic 34 (100%) 17 (100%) 17 (100%)

Genotype 0.084

 - F508del homozygous 15 (44%) 5 (29%) 10 (59%)

 - F508del heterozygous 19 (56%) 12 (71%) 7 (41.2%)

Pancreatic insufficiency 34 (100%) 17 (100%) 17 (100%)

BMI (kg/m2) 23.8 ± 0.6 24.0 ± 0.9 23.7 0.9 0.798

FEV1 (% predicted) 75 ± 4 80 ± 5 70 ± 6 0.240

FVC (% predicted) 88 ± 3.5 93.1 ± 3.8 82.9 ± 5.8 0.155

HbA1c (%) 6.3 ± 0.3 5.3 ± 0.1 7.3 ± 0.4 <0.0001

Hospitalizations in preceding year 1 (0–7) 0 (0–7) 1 (0–2) 0.385

Prior modulator use 15 (44%) 4 (23.5%) 11 (65%) 0.016

 - Ivacaftor 1 (3%) 0 1 (6%)

 - Ivacaftor-lumacaftor 3 (9%) 1 (6%) 2 (12%)

 - Ivacaftor-tezacaftor 10 (29%) 3 (17.6%) 7 (41%)

 - Prior ETI trial agent 1 (9%) 0 1 (6%)

Data displayed as mean ±SE or n (%) unless otherwise indicated.

CFRD, cystic fibrosis related diabetes; BMI, body mass index kg/m2; FEV1, forced expiratory volume; FVC, forced vital capacity; HbA1c, 
hemoglobin A1c; ETI, elexacaftor/tezacaftor/ivacaftor
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Table 2.

Changes in Glycemic Measures Pre- and Post-ETI Initiation.

Total Cohort N=23 Non-CFRD N=9 CFRD N=14

Pre-ETI Post-ETI p-value Pre-ETI Post-ETI p-value Pre-ETI Post-ETI p-value

CGM sensor wear time 
(days)

12.9 ± 0.4 12.4 ± 0.5 0.398 13.0 ± 0.6 12.2 ± 0.9 0.572 12.9 ± 0.6 12.5 ± 0.6 0.553

AG (mg/dL) 136 ± 9 124 ± 8 0.018 96 ± 7 94 ± 6 0.314 162 ± 10 144 ± 10 0.033

SD (mg/dL) 46 ± 4 39 ± 4 0.001 28 ± 3 25 ± 2 0.095 57 ± 5 49 ± 4 0.008

CV (%) 32.6 ± 1.7 30.6 ± 1.4 0.117 29.1 ± 2.1 26.4 ± 2.0 0.069 34.9 ± 2.4 33.3 ± 1.7 0.433

% Time 70–180 mg/dL 67.5 ± 4.6 75.1 ± 4.0 0.040 73.4 ± 7.5 77.6 ± 6.2 0.953 63.6 ± 5.7 73.5 ± 5.3 0.011

% Time >140 mg/dL 35.3 ± 6.9 28.6 ± 5.8 0.074 9.2 ± 3.7 8.7 ± 3.8 0.953 54.8 ± 7.8 43.6 ± 7.2 0.071

% Time >200 mg/dL 16.4 ± 4.1 9.7 ± 2.6 0.006 2.0 ± 1.0 1.1 ± 0.7 0.028 26.4 ± 5.4 15.2 ± 3.6 0.023

% Time >250 mg/dL 7.7 ± 4.6 2.4 ± 2.1 0.057 0.1 ± 0.1 0.1 ± 0.1 0.356 13.3 ± 3.5 7.9 ± 3.4 0.065

% Time <70 mg/dL 8.9 ± 3.6 9.0 ± 2.9 0.212 18.2 ± 8.3 17.8 ± 6.4 0.235 2.9 ± 1.0 3.4 ± 0.9 0.660

% Time <54 mg/dL 3.1 ± 1.4 1.6 ± 0.8 0.778 6.8 ± 3.4 2.5 ± 1.8 0.550 0.3 ± 0.2 0.5 ± 0.2 0.228

Peak sensor value 
(mg/dL)

306 ± 21 280 ± 20 0.045 225 ± 18 210 ± 15 0.270 361 ± 23 328 ± 24 0.100

Weight (kg) 66.9 ± 2.4 69.6 ± 2.6 0.123 65.0 ± 2.7 64.1 ± 3.1 0.414 67.7 ± 3.6 73.3 ± 3.6 0.045

BMI (kg/m2) 24.1 ± 0.7 24.5 ± 0.7 0.240 24.2 ± 1.1 23.2 ± 1.1 0.153 24.1 ± 1.0 25.4 ± 0.9 0.082

FEV1 (% predicted) 79 ± 5 91 ± 5 <0.0001 86 ± 6 98 ± 6 0.005 75 ± 7 86 ± 6 0.001

FVC (% predicted) 92 ± 4 99 ± 5 0.0005 98 ± 6 109 ± 6 0.014 88 ± 6 91 ± 7 0.021

Data are displayed as mean ± SEM. P-values represent within group changes from baseline to follow-up.

Bolded values signify p values <0.05

CFRD, cystic fibrosis related diabetes; ETI, elexacaftor/tezacaftor/ivacaftor; CGM, continuous glucose monitor; AG, average glucose; SD, standard 

deviation; CV, coefficient of variation; BMI, body mass index kg/m2; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity s
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