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Abstract

Background—To characterize glucose patterns with continuous glucose monitoring (CGM) in 

cystic fibrosis (CF) and assess relationships between CGM and clinical outcomes.

Methods—110 CF youth and healthy controls (HC), 10–18 years, wore CGM up to 7 days. 

Correlations between CGM and lung function and BMI z-score change over the prior year were 

determined.

Results—Multiple CGM measures were higher in CF Normal Glycemic (CFNG) youth versus 

HC (peak glucose, excursions >140 mg/dl/day, %time >140 mg/dl, standard deviation (SD) and 

mean amplitude of glycemic excursions (MAGE)). Hypoglycemia was no different among groups. 

In CF, decline in FEV1% and FVC% correlated with maximum CGM glucose, excursions >200 

mg/dl/day, SD, and MAGE.

Conclusions—CFNG youth have higher glucoses and glucose variability than HC on CGM. 

Higher and more variable glucoses correlate with lung function decline. Whether earlier treatment 

of CGM abnormalities improves lung function in CF requires further study.
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Introduction

Cystic fibrosis-related diabetes (CFRD) is the most common comorbidity in CF, present in 

up to 20% of adolescents and 50% of adults (1). CF guidelines recommend annual screening 

with an oral glucose tolerance test (OGTT) starting at 10 years of age, when CFRD 

prevalence rises. Current gold standard criteria for diagnosing CFRD are based on the 

OGTT (1) and extrapolated from American Diabetes Association (ADA) type 2 diabetes 

(T2D) guidelines. However, these ADA cut points [fasting glucose (FG ≥126 mg/dl, 2-hour 

glucose ≥200, and hemoglobin A1c (HbA1c) ≥6.5% (48 mmol/mol)] are intended to identify 

the glucose value or HbA1c at which the risk for microvascular complications (largely 

retinopathy) increases in adults with T2D (2). Whether these cut-points are optimal for 

detecting changes in CF-relevant clinical outcomes is unclear. Neither FG nor HbA1c are 

recommended for CFRD screening, as both appear to underestimate hyperglycemia in this 

population (3–6) and whether the OGTT is the best test for diabetes screening in this 

population has been questioned (7–9).

Given the limitations of current approaches to CFRD screening and diagnosis, continuous 

glucose monitoring (CGM) is increasingly being used because it can detect glycemic 

abnormalities earlier than other screening tests (10–12). Studies have found correlations 

between CGM glucoses >200 mg/dl and lung function impairment (12) and between CGM 

time spent >140 mg/dl and poor weight gain in CF (13). However, more robust 

characterizations of glycemic profiles in individuals with CF are lacking. In our clinical 

practice, CGM is often used as an adjunct to the OGTT in CFRD screening, but it remains 

unclear how best to interpret CGM profiles in CF. Furthermore, data on CGM in CF youth 

with normal FG and OGTT results are limited. Therefore, our first objective was to 

characterize CGM profiles among CF youth across the glycemic spectrum, from normal 

glycemia (CFNG, defined as FG <100 mg/dl, 1hr ≤200 mg/dl, AND 2hr ≤140 mg/dl), 

abnormal glycemia (CFAG, defined as impaired fasting glucose of 100–125 mg/dl, or 

impaired glucose tolerance with 2 hour OGTT glucose of 140–199 mg/dl, or indeterminate 

glucose with 1hr ≥200 mg/dl), to CFRD (defined as FG ≥126 mg/dl or 2hr OGTT ≥200 mg/

dl), and to compare these findings to CGM in a cohort of relatively age-matched healthy 

controls.

Studies have demonstrated declines in pulmonary function and body mass index (BMI) up to 

5 years prior to a diagnosis of CFRD by OGTT (14, 15), suggesting that abnormalities in 

glucose metabolism occur earlier than clinically recognized and suggesting an opportunity 

for earlier intervention to reduce associated morbidity and mortality. However, most of these 

studies were in young adults with more advanced lung disease. It is uncertain whether 

similar findings occur in CF children with milder lung disease and whether or not clinical 

decline may be associated with CGM abnormalities. Our second aim therefore was to 

perform an analysis of the relationship between CGM measures and clinical outcomes in our 
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CF cohort, as measured by rate of change in lung function (forced expiratory volume in 1 

sec % predicted (FEV1%) and forced vital capacity % predicted (FVC%)), weight z-score, 

and body mass index (BMI) z-score, over the 12 months preceding CGM wear.

Methods

Participants with CF, ages 10–18 years, with CGM collected from 2011–2016 were 

included. CF participants had either worn CGM in the clinical setting for further evaluation 

of glucoses after an abnormal OGTT or hyperglycemia detected during hospitalization, or 

through an ongoing research study collecting CGM and OGTTs that included CFNG youth 

and healthy controls (HC). A subset of participants classified as CFRD were diagnosed after 

persistent hyperglycemia during hospitalization, with glucoses >200 mg/dl for >48 hrs. 

Collection of CGM data typically occurred >6 weeks after hospitalization, in order to 

capture glycemic patterns during a period of clinical stability when patients were at baseline 

health. Some participants wore CGM more than once; in this scenario, the most recent CGM 

obtained prior to insulin start was analyzed. HC were identified from our general endocrine 

clinics and recruitment flyers and emails sent to faculty, staff, and students on campus. 

Those with BMI >85th%ile, known type 1 or type 2 diabetes, use of medications affecting 

glucose (ex. insulin, systemic steroids) in the prior 3 months, or hospitalization in the prior 6 

weeks were excluded.

All participants wore a blinded iPro®2 continuous glucose monitor (Medtronic, Minimed, 

Inc Northridge, CA) for a minimum of 3 days and up to 7 days. They were provided a 

glucometer (OneTouch, LifeScan) and trained to collect capillary blood glucoses four times 

daily - prior to meals and at bedtime - and to keep a food log during the week of CGM wear. 

Participants recruited after October 2015 underwent an OGTT with HbA1c as well as height 

and weight measurements at the time of CGM wear. For participants with CGM data 

available prior to October 2015, their most recent OGTT and HbA1c relative to date of 

CGM were collected. In CF participants, pulmonary function data from the most recent 

office visit relative to date of CGM wear, as well as CF genotype, use of CFTR modulators, 

and presence of pancreatic insufficiency were noted. To generate the slope of weight z-score, 

BMI z-score and lung function over the preceding year, anthropometric and lung function 

data from clinical visits over the 12 months prior to CGM wear were collected.

This study was approved by the Colorado Multiple Institutional Review Board (Aurora, CO) 

and appropriate consent and assent were obtained.

CGM calculations

CGM variables were generated with R-code after manual review of raw glucose values 

downloaded from CGM software. Our approach to generating CGM variables was defined a 

priori and similar to that outlined in CGM studies in other populations (16). To allow time 

for CGM calibration, the first 4 hours of CGM data were excluded from analysis. To account 

for small gaps (<45 min) of missing sensor glucoses, data were populated by averaging the 

last and next available glucose reading during periods of relative glucose stability. CGM 

data, including time spent above/under a glucose cutpoint, area under the curve (AUC), and 

number of excursions, were averaged over the total days of CGM wear. We also determined 
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CGM AUC above the HC-mean sensor glucose, as another measure of biologically relevant 

glucose abnormalities in our CF cohort. CGM measures were calculated in each participant 

in contiguous 24-hour intervals to include an equal percentage of daytime versus nighttime 

sensor glucoses (288 sensor glucose values per day). Mean amplitude of glycemic 

excursions (MAGE) was calculated using EasyGV version 9.0.R2 (© University of Oxford). 

Excursions over a set glucose cutpoint were defined using the same equation used by the 

software’s accompanying CGM summary output. In brief, the formula counts one excursion 

each time the sensor glucose exceeds a specified cutpoint and drops below that cutpoint. 

Further glucose elevations above that cutpoint are not counted again until 25 minutes have 

lapsed, to avoid repeatedly counting multiple small glucose fluctuations around a cutpoint.

Statistical analyses

BMI z-score was calculated using the CDC SAS program; if a participant was over 227 

months of age, then 227 months was used as age for purposes of calculating BMI z-score. 

The slopes of weight z-score, BMI z-score, FEV1 absolute and % predicted, and FVC 

absolute and % predicted were calculated as the value at the most recent pulmonary office 

visit minus the value at an office visit 12 months prior, divided by the number of days 

between visits. CGM placements were recommended a minimum of 6 weeks after a 

hospitalization, and chart review was performed to ensure BMI and pulmonary function data 

were obtained during periods of relative clinical stability. Two subjects were excluded 

because they had data from only one visit. Descriptive statistics, clinical characteristics, and 

CGM variables were calculated by group. Categorical variables were compared using 

Fisher’s exact test and continuous variables were compared using t-tests or ANOVA. 

Pearson correlation coefficients were calculated for CGM variables with clinical outcome 

variables. No corrections for multiple comparisons were performed.

Results

A total of 110 patients with CGM data were included (Table 1). There were no significant 

differences in age, sex, Tanner stage, weight z-score nor BMI z-score among CF glycemic 

groups and HC youth, and there were no differences in FEV1% nor FVC% among CF 

glycemic groups (Table 1). Of those with CFRD, 6 had the diagnosis made based on 

hyperglycemia during hospitalization, and of these participants, 4 had AGT and 2 had NGT 

on a recent OGTT. The CGMs were collected in these participants an average of 4.7±5.2 

months from hospitalization. In the overall cohort, CGM was collected (mean±SD) 1.4±3.9 

months from the most recent OGTT. All CF participants had pulmonary function testing 

within 3 months of CGM. The mean FEV1% and BMI z-score of our CF cohort were 

comparable to measures in our overall CF population of 10–18 year olds (CF Registry). 

HbA1c was higher in those with CFRD compared to those with AG, NG, and HC. Those 

with CFAG had higher HbA1c than HC. There was no significant difference in HbA1c 

between HC and CFNG youth. The CFRD cohort included a greater number of patients with 

CFTR Class I–III mutations than those with CFNG, although there were no significant 

differences in use of CFTR modulators among glycemic groups. Three pancreatic sufficient 

individuals were included in the CF NGT group while all with AGT and CFRD were 

pancreatic insufficient.
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CGM findings

An average of 5.1±1.1 days of usable CGM data was generated per participant. Table 2 

presents CGM variables by group. As expected, youth with CFRD and CFAG had more 

glucose abnormalities by multiple measures (maximum sensor glucose, average sensor 

glucose, AUC >98 mg/dl, number of excursions >140 and >200 mg/dl/day, % time >140 

mg/dl, SD, and MAGE) compared to CFNG and HC. Youth with CFRD had a higher 

average glucose and AUC as well as greater number of excursions >140 mg/dl/day than 

CFAG participants, but the two groups were not significantly different by other CGM 

measures. Notably, CFNG youth also had more CGM abnormalities (peak glucose, number 

of daily excursions >140 mg/dl, % time >140 mg/dl, SD, and MAGE) than HC. Although 

youth with CFRD appeared to have more % time >200 mg/dl than the other groups, the 

difference was not statistically significant. Furthermore, there were no significant differences 

in any measure of hypoglycemia (minimum glucose, % time <70 mg/dl, % time <60 mg/dl) 

among any of the groups.

Correlations between CGM abnormalities and clinical outcomes

Correlations between CGM and clinical outcomes were examined for the entire CF cohort 

(n=88). Table 3 presents the correlations between CGM variables and the rate of change in 

weight z-score, BMI z-score, FEV1%, and FVC% over the year preceding CGM wear. No 

measure of CGM correlated significantly with rate of change in weight or BMI z-score. 

Multiple CGM measures, however, were associated with decline in the slopes of both 

FEV1% and FVC% over the prior year, including measures of hyperglycemia (max glucose, 

and excursions >200 mg/dl/day) and glycemic variability (SD, MAGE).

CGM Measures of Hyperglycemia: A greater number of excursions >200 mg/dl/day 

correlated with greater declines in FEV1% slope (r= −0.22, p=0.047) and FVC% slope (r= 

−0.30, p=0.005). Max glucose correlated with decline in FVC% (r= −0.22, p=0.04). Greater 

%time >140 mg/dl trended with greater decline in FEV1% (r= −0.20, p=0.07) and FVC% 

(r= −0.21, p=0.06) but did not reach statistical significance.

CGM Measures of glycemic variability: Higher MAGE correlated with greater declines in 

FEV1% (r= −0.24, p=0.03) and FVC% (r= −0.27, p=0.01). Greater SD also correlated with 

decline in FVC% (r= −0.26, p=0.01). Higher SD also trended with greater decline in 

FEV1% slope (r= −0.20, p=0.06). (Figure 1).

We then repeated this analysis after removing patients with a diagnosis of CFRD to 

determine whether CGM abnormalities in those with CFNG or CFAG were associated with 

clinical decline. There were no statistically significant relationships between CGM and 

clinical parameters (change in weight z-score, BMI z-score and FEV1% and FVC% 

predicted) in this subgroup (data not shown).

Discussion

In this study of relatively healthy CF youth, multiple CGM abnormalities, including 

measures of hyperglycemia and glucose variability, correlated with lung function decline, as 

measured by changes in FEV1% and FVC% over the preceding year. In contrast to previous 
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studies that have examined the relationship between glucose metabolism in CF and clinical 

outcomes (12–14, 17), our cohort has notable differences. The average HbA1c of our CFRD 

patients was 5.8%±0.1 (40±1 mmol/mol) reflecting our earlier diagnoses of CFRD, 

particularly given our inclusion into this category of patients with hyperglycemia detected 

during hospitalization. Despite these more inclusive CFRD criteria, patients with CFNG and 

CFAG were still found to have abnormalities in glucose metabolism on CGM. Our CF 

participants also had relatively good lung function, reflective of averages seen at our CF 

center as a whole. Even those with CFRD had an average FEV1% of 95±3.8% and FVC% of 

102.8±3.5%, reflecting a healthier cohort with less impaired lung function than previously 

reported; in most published CFRD studies to date, average FEV1%s were as low as 50–70% 

(10, 12, 14, 17–19). This study, and others in even younger cohorts (20, 21), demonstrates 

the presence of glucose abnormalities in young children despite normal fasting and OGTT-

defined glucoses and relatively good lung function. As treatment regimens for CF continue 

to improve, including increasing use of cystic fibrosis transmembrane conductance regulator 

(CFTR) modulators, overall clinical outcomes and lifespan for patients with CF will 

continue to improve. Our study population therefore represents a newer generation of 

healthier youth with longer projected lifespans in which it is critical to reassess the impact of 

early glucose metabolism abnormalities on clinical outcomes.

This study is one of the largest to characterize multiple components of CGM variability in 

CF youth along the glycemic spectrum, from those with normal fasting and OGTT glucoses 

to CFRD. Unlike prior studies assessing the potential utility of one or two selected CGM 

measures, this study extensively characterizes CGM variability by OGTT-grouped categories 

and compares these measures to CGM in relatively age-, sex-, and BMI-matched HC. As 

expected, patients with recently diagnosed CFRD and CFAG had higher CGM glucoses than 

HC on multiple measures. However, CFNG individuals also had higher average and peak 

sensor glucoses, AUC, % time >140 mg/dl, >200 mg/dl, SD, and MAGE than HC, indicating 

that young, relatively healthy CF youth with good lung function have multiple glycemic 

abnormalities at this early stage.

Even with improving treatments for CF, latest estimates find that CFRD continues to be 

associated with increased mortality compared to CF patients without diabetes (22). 

Abnormalities in glucose metabolism (by OGTT or CGM) detectable before a diagnosis of 

CFRD have been associated with poorer clinical outcomes. Brodsky et al found elevations of 

1-hour plasma glucose during OGTT to be associated with reduced FEV1, even after 

adjustment for BMI%ile, with a decrease of 1% for every 10 mg/dl increase in 1-hour 

plasma glucose (23). A prospective study of pulmonary function changes in individuals with 

CF prior to a diagnosis of CFRD with fasting hyperglycemia (FH), published 16 years ago 

when a distinction was made between CFRD with FH versus CFRD without FH, found a 

pattern of FEV1 and FVC decline over 4 years that was directly proportional to the severity 

of glucose intolerance and to the degree of insulin deficiency, as assessed by 2hr AUC (24).

Very few studies have looked at the relationship between CGM abnormalities and clinical 

outcomes in CF. Leclercq et al found that CFNG patients with peak glucoses >200 mg/dl on 

CGM had lower lung function and increased Pseudomonas aeruginosa infections compared 

to those with a peak glucose <200 mg/dl, despite no differences in BMI SDS (12). Hameed 
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et al examined peak sensor glucose and CGM time >140 mg/dl in 25 children with CF and 

found both to be associated with %FVC decline in the prior year. Increased CGM time spent 

>140 mg/dl was also associated with declining weight SDS in the preceding year (13), 

although, BMI SDS, a more reliable measure of nutritional status in growing children, was 

not reported. Our findings more comprehensively characterize CGM and its relationship 

with clinical outcomes and, although no correlations with weight nor BMI z-score were 

detected, possibly due to minimal changes in both over the prior year, similar to prior studies 

we found that measures of hyperglycemia – specifically peak glucose and excursions over 

200 mg/dl - correlated with FEV1% and FVC% decline. Nutritional status is correlated with 

pulmonary function in CF (25), and insulin insufficiency, the primary pathophysiologic 

defect leading to CFRD (26, 27), is associated with compromised nutritional status resulting 

in excess protein and fat catabolism (28, 29). However, hyperglycemia also directly affects 

airway glucose and evidence suggests that blood glucoses >140 mg/dl lead to elevations in 

airway glucose (30, 31) that have been linked to increased growth of S. aureus and P. 
aeruginosa (32). Diabetes has also been shown to increase lung stiffness, cause changes in 

pulmonary small blood vessels, and reduce diffusion capacity (8, 33, 34). Our findings 

support the hypothesis that hyperglycemia is associated with negative impacts on lung 

function, independent of nutritional status.

Novel findings in our study include the relationships detected between measures of CGM 

glycemic variability and FEV1% and FVC% decline in the prior year. In individuals with 

type 2 diabetes, glycemic variability is associated with measures of oxidative stress involved 

in the development of diabetic cardiovascular complications (35, 36). Whether or not 

glycemic variability is associated with markers of oxidative stress leading to pulmonary 

function decline in CF requires further study.

Notably, when we repeated our analysis assessing the relationship between CGM and lung 

function and nutrition after removing those with CFRD, the relationships were no longer 

significant. This may imply either that hospital and OGTT-based criteria for diagnosing 

CFRD, as defined by CFRD guidelines (37), sufficiently identified youth with glycemia-

associated declining lung function or that the study was underpowered to detect a significant 

correlation in this smaller sample. Larger studies in CF populations pre-CFRD diagnoses are 

needed to verify these findings.

Anecdotally, hypoglycemia is reported by many CF patients (38), commonly attributed to 

reactive hypoglycemia and impairments in first-phase insulin secretion (39–41). Low blood 

sugars have been reported in 6–15% of patients undergoing routine OGTT (42–44) and as 

many as 45% when the OGTT is extended to 3 hours (45). Notably, these rates of 

hypoglycemia on OGTT are not higher than that seen in the general population, particularly 

with extension of the OGTT beyond 2 hours (46). A recent review found few systematic 

studies characterizing hypoglycemia, as well as a dearth of evidenced-based studies 

assessing the significance of hypoglycemia and clinical outcomes in CF (38). Findings from 

our data reveal that hypoglycemia, as measured by CGM minimum glucose, time <70 mg/dl 

and <60 mg/dl, were not significantly different in any of the CF groups compared to HC. 

From these findings one might speculate that hypoglycemic symptoms in this young 

population, not yet on insulin therapy, result from counterregulatory hormone increases 
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resulting from acute decreases in glucose from the hyperglycemic range into the normal 

range, rather than an absolute low glucose threshold. Further studies examining changes in 

counterregulatory hormones under experimental conditions controlling glycemia in CF 

participants are needed to explore this hypothesis.

Limitations of this report include the lack of prospective clinical data. These results indicate 

that a period of clinical decline of at least one year appears to precede hyperglycemia and 

glycemic variability detected on CGM. However, whether or not clinicians can use CGM to 

predict who may be at most risk for development of future clinical decline will require 

prospective studies. Furthermore, most of the data were collected from individuals not yet on 

CFTR modulators, and more research is required to understand the potential impact of these 

medications on clinical outcomes and glucose metabolism.

In summary, the ability for CGM to record consecutive glucoses over a 24-hour period in 

both fasting and prandial states allows greater insight into glycemic patterns in CF. To better 

understand the impact of these early changes on CF outcomes, a comprehensive approach to 

description and analyses of CGM variables will advance the understanding of both 

researchers and practitioners as to which glycemic abnormalities most significantly impact 

CF outcomes. Whether a single CGM variable or a combination of CGM variables best 

predicts clinically relevant CF outcomes, potentially redefining CFRD, and whether insulin 

intervention for these glucose abnormalities is warranted, requires ongoing study.
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ADA American Diabetes Association

CGM Continuous Glucose Monitoring

CFRD Cystic Fibrosis Related Diabetes

CFNG Cystic Fibrosis Normal Glycemia

CFAG Cystic Fibrosis Abnormal Glycemia

FEV1 Forced Expiratory Volume in 1 second

FVC Forced Vital Capacity

HbA1c Hemoglobin A1c

MAGE Mean amplitude of glycemic excursions

OGTT Oral Glucose Tolerance Testing
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Highlights

• Characterization of CGM patterns across the glycemic spectrum in CF youth

• Hyperglycemia and greater glucose variability are present in ‘normal 

glycemic’ youth

• Objectively measured hypoglycemia was no different between any CF group 

vs controls

• CGM measures of hyperglycemia and glucose variability are associated with 

FEV1 and FVC decline
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Figure 1. 
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