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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.

Corresponding Author: Christine L. Chan MD, Children’s Hospital Colorado and University of Colorado Denver, 13123 E. 16t
Avenue, B265, Aurora, CO, USA 80045, Phone: 720-777-6128, Fax: 720-777-7301, Christinel.chan@childrenscolorado.org.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Author Contributions: C.C. designed the study, researched data, and wrote the manuscript. T.V. and L.P. researched data, reviewed and
edited the manuscript. P.Z., K.N., and S.S. designed the study, contributed to the discussion, reviewed and edited the manuscript. C.C.
is the guarantor of this work and, as such, had full access to all the data in the study and takes responsibility for the integrity of the
data and the accuracy of the data analysis.

The authors have no relevant conflicts of interest to disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chan et al. Page 2

Keywords
Cystic fibrosis related diabetes; continuous glucose monitoring; pediatrics

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 Alc (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 HbAlc 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 2200 mg/dl), to CFRD (defined as FG 2126 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.

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 >85M%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

Results

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.

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).
HbALc was higher in those with CFRD compared to those with AG, NG, and HC. Those
with CFAG had higher HbAlc than HC. There was no significant difference in HbAlc
between HC and CFNG youth. The CFRD cohort included a greater number of patients with
CFTR Class I-11l 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 FVVC% 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 FEVV1% 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 FEVV1% 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 HbAlc 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 FVVC 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 FVVC% 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. aureusand 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 FVVC% 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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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

J Cyst Fibros. Author manuscript; available in PMC 2019 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Chan et al.

FVC % slope

FEV1 % slope

FVC % slope

a) Maximum glucose

0104

0054

o oo o
-005 ° o
o
o o

-0.10

T T T T |° T

100 150 200 250 300 350 400

Mazmimum sensor glucose
b) # of excursions >200 mg/d|

0.10

000

-005 4

T T T
0 1 2

Excursions >200/day

0.10

000

005
o

-005

-0.10 4

0 1 2
Excursions >200/day

Figure 1.

FVC % slope

Page 13

c) Standard deviation

0104
o
o
s
o
005 4
000 4
-005
o
o o
-0.10 4
o
10 20 30 40 50
sD
d) Mean amplitude of glycemic excursions
0.10 4
o
o o
o °
005 o ©° °
.
g
B3
E 000
B
0054 ° o
o
® o
o . . .
25 50 75 100 125
MAGE
0104
o
o
o
°
0054
"
& 000
=
£
-0054
o
o o
-0.10 4
o
25 50 75 100 125
MAGE

J Cyst Fibros. Author manuscript; available in PMC 2019 November 01.



Page 14

Chan et al.

Author Manuscript

#€00 _ (001) €2 _ (001) 2v _ (18) 02 _ - _ (%) u 'JuI0INSUI OlTe3IoURd
220 _ (en) e _ (12) 6 _ (ge) 8 _ - _ (%) u “Jore|npow Y140 U0
6)z Q)¢ )z umouNsun
0o 0o v A=Al SsBID
(16) T2 (s6) o (r2) LT (=1-) 111-1 sse1o
4200 - | (%) u ‘ssejo uoenw Y149
(en ¢ (&4 (en e 1Byo
(sep) 0T (92) 11 (02) 2 18U10/19p8054
(gev) o1 (69) 62 (L9) et - 19P8054/13P8054
620 (%) u ‘adArous
100> (¥1°0) 8'S (500) 5'S (800) €S _ ¥00) TS _ (%) 9TVaH
(g9) 9 (or) 1T (09) 8 (09) 2T A
0o 8z (5z9)T @91 Al
(87) ¢ (szn) e (88T) € (sT) ¢ I
(81) 2 (20 (gzn)2 (()k4 1]
®)7 (62) L (gzn) 2 (onz |
880 (%) u *abes Jauue|
0o 0o (a2l (6) 2 SEITo)
(zd) s onv T (6) ¢ ojuedsiH
120 (82) 81 (06) 8€ (16) T2 (z8) 81 3UUM
(%) u ‘aoey
€0 _ (ce) 8 _ @9) 2z _ (0g) £ _ (0 6 _ (%) U ‘aleW
GT'0 _ (90)5€T _ (o) vt _ (L0o)9et _ (60) ST _ (s1eak) aby
(ez=u) (zv=u) (ez=u) (zz=u)
anjea-d ad4o Ov4D ON4D OH
1UsW||0Jus Je sansiiaoeley) 19algns
T 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Cyst Fibros. Author manuscript; available in PMC 2019 November 01.



Page 15

Chan et al.

Anoedes [e)IA paolo=D A4 ‘98 T Ul sWN|oA A1o1elidxa paoioj=TAJH ‘Xapul ssew
Apog=1INg 0TV uIqoBoway=0TvqH ‘1o1ejnBal sueiquiaLusuel) s1soiqly 9nsAd = ¥ 14D ‘sa1aqelp pajejal-4D=ay4D ‘B1wsoA|b [ewioude 4D=9v4D ‘e1waok|6 [ewiou 40=N-D ‘sjonuo) AyljesH=oH

QY40 pue 940 woy Juasayip Apueayiubis muzn_Uh.v

9N wioup Jussayip Apuesyiubis ﬁ_mu_U,N

sdnoJf Jayo |e wouy Jualapip Apuediiubis ay4D {OH wody ualayip Ajpuediiubis ov4D
x

pa1edIpul 3SIMIBUIO SSajuN (3S) Ues|A se pajussaid ereq

880 _ (10'0)100"- _ (¥00°0)£00'~ _ (1000)T00°0 _ - adols %A

690 _ (g¢) 8201 _ (T2) vzt _ (€2) 166 %ONd

560 _ (600°0) #00°0- _ (500°0) T00'0- _ (800°0) 200°0- adols %TAI

180 _ (8€) 056 _ (e2)sv6 _ (52826 %TA3d

1€0 _ (9000°0) 8000°0 adols 910952 |G

(£000°0) 00°0 _ (2000°0) T000°0

0.0 _ To)vTo- _ (1TT°0) 80°0- _ (97°0) 0£°0- _ (¥1°0) 6T°0- 2103s-Z |ING

£v'0 _ (¥000°0) 50000 _ (2000°0) 00°0- _ (2000°0) 20000 adojs 21095-2 1yBIM

980 _ (81°0) ¥T0- _ (eT°0) S2°0- _ (91°0) 2Z€0- _ (8T°0) ¥T°0- 8100s-Z yBIa\
250 _ (92) 9 _ 1) 9 _ v _ . (9%)u *sBuIpasy agnL-o
(ez=u) (ev=u) (ez=u) (zz=u)
anfea-d ad4o OV4D 1\Efe} OH

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Cyst Fibros. Author manuscript; available in PMC 2019 November 01.



Page 16

Chanetal.

Author Manuscript

QY40 Pue DD W0y JUaJBPIP OH ‘DN WOoJS JUBIKIP QYD

§

'sdnouB |[e WO} JUBIAYIP OH ‘OVHD WO} JUBIAYIP a¥HD

't

'sdn0JB JBY10 ||B Wiy JUBIBKIP DH ‘ON-D Wiy JusIayIp A¥40

4

“QY=D PUB OYHD WOy JuasaKIp OH ‘sdnoib JaLio [[e Wwoug usIagip ay40
;

SUOISINIXd J1WAIAIH J0 apnyijdwe uesw = JOVIA 8AINI BU}
18pun eale = DNV ‘SaleqeIp pale|al sisoiqly onsAo=qy4D ‘e1wsdA|b [ewloude sisoiqly o1IsAO=0v4D ‘elwsdA|B jewou sisoiqly onsAO=9N-D ‘s]oJ1u0d Ayyjesy=oH ‘Butionuow 8so0on|B snonUNUOI=NDD

"SOQH U1 8s00n|6 Josuas abelane syl anoge DNV Yyl S |p/Bw 86< DNV (IS) ueal Se pajussaid ereq

Author Manuscript

Author Manuscript

4100> (6'9) 5’19 (9'8) 015 (L2 8y (s1) Se J9VIN
4100> (02 v'se Nz (60) 12 (Qo)zt uopeINSp PIEpUEIS
90€'0 (€0)90 (€0)90 (01) 91 (zo)eo Ip/Bw 09> dwil %
§G9°0 (80)0¢ (So)Te (enze (9061 Ip/B 02> swinl 9%
G210 (8'€) 0'sT (91) 96 (To)zo (00) 00 Ip/Bw 00Z< dWil %
4100°> (ce)evt (L1 56 @DvL (€0)90 1p/BW OYT< W %
§6000 @090 T vo T0) 20 (00) 00 Kepj00z< SuoIsINIXT #
#100> @oTe o ez €0 sz (z0) 50 Kep/ovT< SUOISINOXT #
£ 100> | (0Tx 0'9) ,0Tx €€ | (0Tx €2) 0Tx 2T | (0Tx 22) yOTx 6T | (0Tx ET) (OTX T'8 1p/Bw 86< DNV
£ 100> | (0TxG9) 0Tx LT | (0Tx82) 0Tx 9T | (0Tx¥'€) 0T GT | (0Tx 22) OTXx ¥'T NV abesany
9v6°0 (62 ¥9 (02) €9 (82 ¥9 (8T) v9 (1p/Bu) wnuiunn
4100°> (L17) Lee (8'8) €12 (6'9) g6T (caokays (Ip/Bw) winwixei
» 100> (sv) 81T (6'T) 60T (r'z) 90T (97) 86 (1p/Bu) abesny
€2=N Zr=N €2=N zz=N
anfea-d ay4o o4O ON4D OH 8500N|9 10SUBS INDD
sdnolo Aq sajgelieA INDD
¢ 9lqel

Author Manuscript

J Cyst Fibros. Author manuscript; available in PMC 2019 November 01.



Page 17

Chan et al.

SUOISINOX®

21Wa9A16 Jo spnijdwe uesw=3OVA ‘A11oeded [elA padoj=J A4 ‘08ST Ul 8WNjOA Alojelidxs padioj=TATH ‘Xapul ssew APog=||AIg ‘8AIND 8y} Japun ease=NY ‘Butioliuow 8soan|f snonunuod=N9D

Author Manuscript

G0'0>d
x

£L20- £7C0- 2000 200~ J9VIN
£900- 0z'0- £0°0 100 uoneIASp pJepuels
60°0- 2ro- T00°0- 900 1p/Bw 09> Wil %
60°0- zro- 100°0- 500 1p/Bw 02> 8w %
8T°0- v1°0- 10°0- 10°0- IP/Bw Q0Z< sWl %
12°0- 0z°0- €0°0- L0°0- 1p/Bw OpT< W %
« 080~ £CC0- 200 10°0- Aep/00z< suoisinax3
10°0- 800~ €00 €0°0- AKep/oyT< suoisinax3
LT0- 9T'0- 10°0- S0°0- IP/Bw 86< DNV
ST0- €T0- 100~ S0°0- onvy
110 [ANI] 500~ 10°0- (1p/Bw) wnwiuiN
xCC0- vT0- 100 600~ (Ip/Bw) wnwixey
ST0- €10~ 10°0- S0°0- (1p/Bw) abetony
adojs payoipaid 95DAH | adojs paoipaad o5TATH | adojs 8400s-z |ING | adojs 8409s-Z JyBiapn sa|qeldeA INDD

€ 9lqeL

Author Manuscript

Author Manuscript

(8g=u) syiuow g7 Joud ay) JaA0 SaW0INO Aleuownd pue [euoniNN ul abueyd pue 9D Usamlag Suole|allod

Author Manuscript

J Cyst Fibros. Author manuscript; available in PMC 2019 November 01.



	Abstract
	Introduction
	Methods
	CGM calculations
	Statistical analyses

	Results
	CGM findings
	Correlations between CGM abnormalities and clinical outcomes

	Discussion
	References
	Figure 1
	Table 1
	Table 2
	Table 3

