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Rationale. Cystic fibrosis related diabetes (CFRD) is the most common comorbidity in patients with CF. In spite of increased
screening, diagnosis, and treatment of CFRD, the mortality rate in patients with CFRD still far exceeds the mortality rate in
those without CFRD. Guidelines suggest that screening for CFRD be performed annually using the 2-hour 75-gram oral glucose
tolerance test (OGTT). Adherence to recommended screening has been poor, with only approximately one-quarter of adults with
CF undergoing OGTT in 2014. Use of continuous glucose monitoring (CGM) for diagnosis may become an alternative. Objectives.
Our objective was to determine whether abnormal CGMpredicts subsequent development of CFRD, lung function, and bodymass
index (BMI) decline and increased rate of CF pulmonary exacerbations in adults with CF. Methods. In a prospective single center
pilot trial from September 2009 to September 2010, 21 adult patients due for routineOGTTwere recruited to complete simultaneous
3-day CGM and 2-hour 75 gram OGTT. Subsequently, clinical information was reviewed from 2008 to 2015. Conclusions. There
was a moderate correlation between interpreted results of 2-hour OGTT and CGM (𝑝 = 0.03); CGM indicated a greater level of
glucose impairment than OGTT. Glucose >200mg/dL by CGM predicted development of CFRD (𝑝 = 0.0002).

1. Introduction

Advances in treatment have led to an increase in survival
in people with cystic fibrosis (CF). As patients age with CF,
they experience an increased rate of complications, including
cystic fibrosis related diabetes (CFRD) [1]. CFRD results from
the progressive inflammatory destruction of the pancreas
[2, 3] and leads to the development of insulin insufficiency
with varying levels of insulin resistance during acute illness
[4]. The ferret CF model also shows that early inflamma-
tion leads to pancreatic cell destruction and replacement
with fibrosis [5]. These pathologic changes correspond to

significant dysregulation of blood glucose and insulin. Thus,
CFRD shares features with both type I and type II diabetes
[4]. While patients with CF have not been observed to
develop macrovascular complications of diabetes, microvas-
cular complications are seen [6]. Importantly, diagnosis of
CFRD is associated with poor nutrition status and decreased
lung function and survival [7–11].

Recommendations for diagnosis, screening, and man-
agement of CFRD were written in a jointly created clinical
care guideline by The Cystic Fibrosis Foundation (CFF),
the American Diabetes Association (ADA), and the Pedi-
atric Endocrine Society (PES) [12]. Based on the guideline,
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screening for CFRD should be performed annually on
patients with CF >10 years of age using the 2-hour 75-gram
oral glucose tolerance test (OGTT). Patients with 2 h OGTT
plasma glucose >200mg/dL meet criteria for the diagnosis of
CFRD.

Because of the time-consuming nature of the test, and
requirement that patients fast prior to testing, adherence
to the guidelines has been challenging; approximately one-
quarter of adults with CF were tested in 2014 [1]. This result
suggests that an alternative means of evaluation is needed for
the timely diagnosis of CFRD. One such option may be con-
tinuous glucose monitoring (CGM). Although infrequently
used in US CF Centers, CGM has been validated in children
and adolescents with CF [13, 14]. Additionally, two small
studies showed that early glucose abnormalities are detectable
by CGM in children and adults with CF and are associated
with historical decline and contemporaneously worse health
outcomes [15, 16]. One study in children with CF <18
years of age showed that abnormal CGM was the strongest
predictor of abnormal glucose metabolism at 2.5-year follow-
up [17]. However, these studies did not answer the question of
whether abnormal CGM predicts future health outcomes in
adults with CF.

We hypothesized that abnormal CGM results would
be associated with deterioration in health. Our objectives
for this study were to determine whether abnormal CGM
results are associated with subsequent development of CFRD,
lung function, and BMI decline and increased rate of CF
pulmonary exacerbations.

2. Materials and Methods

2.1. Study Design. To evaluate the correlation between CGM
and OGTT for detection of CFRD in adult patients with CF,
we conducted a prospective single center trial in 2009-2010
in which 21 adult patients due for routine OGTT underwent
simultaneous 3-day CGM and 2-hour 75 g OGTT [18]. Sub-
sequently, to determine whether abnormal CGM predicted
health decline, we performed a retrospective observational
study. Medical records and data from medical charts and the
CFF registry were reviewed from 2008 to 2015 to obtain clin-
ical information (diagnosis of CFRD, pulmonary function,
BMI, and pulmonary exacerbations). The original protocol
was approved by the National Jewish Health Institutional
Review Board (NJH IRB), and subjects provided written
informed consent. Prior to the conduct of the retrospective
review, the new proposal underwent expedited review and
approval by the NJH IRB.

2.2. End Points. OGTTswere conducted using the 2-hour 75-
gram oral glucose tolerance test. For OGTT, the following
definitions were used: fasting glucose >126mg/dL or 2-hour
glucose >200mg/dL indicated CFRD, fasting glucose 100–
125mg/dL indicated impaired fasting glucose (IFG), and
2-hour glucose 140–199mg/dL indicated impaired glucose
tolerance (IGT) [12, 19]. In order to explore the correlation
between 1-hour OGTT glucose levels and CGM results, 1-
hour OGTT results were also interpreted using the 2-hour

OGTT definitions. For subjects without diabetes who did not
have OGTT in the observation period (𝑛 = 5/10), the alter-
native guideline criteria were used to determine the devel-
opment of CFRD: hemoglobin A1C (A1C) ≥6.5% or RPG
≥200mg/dL in conjunctionwith polyuria and polydipsia [12].
One Touch� glucometer and Medtronic CGM� system were
used to obtain CGM data. A board-certified endocrinologist
(JJ) who was blinded to the OGTT results interpreted CGM
data. Although there are no officially defined criteria for
interpreting CGM, for our pilot study, a priori we used the
American Diabetes Association criteria for OGTT [19] to
define the following criteria to interpret CGM, all values were
required on two separate dates: fasting glucose>126mg/dL or
random glucose >200mg/dL indicated CFRD; random glu-
cose >140mg/dL indicated IGT; fasting glucose >100mg/dL
indicated IFG.

Each subject’s highest lung function and BMI for the
year prior to OGTT/CGM testing, and for each of the 5
years following OGTT/CGM testing, were extracted from
the CF registry. The number of exacerbations each subject
had for each of the 5 years following OGTT/CGM testing
was also extracted from the CF registry, and the average
number of exacerbations per year was calculated. During the
period of retrospective review, three subjects died and three
patients moved away from the center; all available data points
were included for these subjects. Six patients began chronic
use of Cystic Fibrosis Transmembrane Conductance Regu-
lator (CFTR) modulators during the period of retrospective
review (two patients began ivacaftor, and four patients began
lumacaftor/ivacaftor).The highest FEV

1
and BMI for the year

prior to initiation of CFTRmodulators were used for analysis
of decline in these parameters over time.

2.3. Statistical Analysis. Means and standard deviations are
reported for demographic information (Graph Pad Prism
v6.07). Agreement between test methods (OGTT and CGM)
was evaluated using both Pearson correlation and the
Bland-Altman method. (Graph Pad Prism v6.07). Log-rank
(Mantel-Cox) test was used to evaluate whether abnormal
CGM predicts subsequent development of CFRD. Using
two-sample 𝑡-tests, average lung function, BMI, and average
exacerbation rate were compared between subjects who
developed CFRD and those who did not develop CFRD.
Standard error of the mean is reported for group means
compared by 𝑡-tests. Lung function and BMI decline over
time were assessed using simple linear regression. Pear-
son correlation was calculated to evaluate the relationship
betweenmaximumCGMand lung function andBMIdecline.
𝑝 values < 0.05 were considered significant.

3. Results

3.1. Subjects. Twenty-one subjects were enrolled. Seventy-six
percent (16/21) of subjects were female. The average age of
the subjects was 32.4 years (SD 13.1; median 27.0, range 20–
65). Fifty-two percent (11/21) of subjects were homozygous for
the F508del mutation; 90% (19/21) of subjects had at least one
copy of the F508del mutation. All patients were pancreatic
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Table 1: Subject demographics at enrollment.

Variable Enrolled Complete CFRD testing available
𝑁 = 21 𝑁 = 18∗

Age (years) 32.4 SD 13.1 33.8 SD 13.7
Female 76% (16/21) 72% (13/18)
Homozygous for F508del 52% (11/21) 44% (8/18)
At least one copy of F508del 90% (19/21) 89% (16/18)
FEV
1
(L) 2.27 SD 0.84 2.23 SD 0.21

FEV
1
% predicted 68.8 SD 5.5 66.7 SD 6.3

BMI 21.6 SD 0.72 21.9 SD 0.81
∗There were no significant differences for any of the variables between the two groups.
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Figure 1: Average and individual glucose values by test method.
Individual subject glucose values for initial studyOGTTat each time
point measured and maximum glucose value obtained by CGM are
shown. Error bars represent average subject values for each OGTT
time point and average maximum CGM value.

insufficient. Average percent of predicted FEV
1
and average

BMI of subjects at the time of enrollment was 68.8 (SD 5.5;
range, 22–109) and 21.6 (range 17.1–29.1; SD 0.72), respectively
(Table 1).

3.2. Categorization of Glucose Tolerance. One patient did not
have adequate data for OGTT interpretation due to improper
collection of the timed samples. Two patients did not have
adequate data for interpretation by CGM due to failure of
the device and/or data retrieval. AIC was ≤5.9% for all 18
patients with complete data. For these 18 patients (mean
results for test methods shown in Figure 1), there was a
modest correlation between interpreted results from OGTT
and CGM (𝑟 = 0.52, 95% CI 0.07 to 0.79, 𝑝 = 0.03; not
shown); only 3/18 (17%) comparisons yielded the same result
(two subjectswith impaired glucose tolerance and one subject
with CFRD). In 14 of 15 (93%) subjects for whom results
differed between the two tests, CGM indicated a greater
level of impairment than OGTT. One-hour OGTT glucose

interpretation yielded the same result as that of CGM in
11/17 (65%) subjects. There was a strong positive correlation
between one-hour OGTT interpretation and that of CGM
(𝑟 = 0.77, 95% CI 0.46 to 0.91, 𝑝 = 0.0003; not shown). In
5/6 (83%) of the subjects for whom results differed between
the two tests, CGM indicated a greater level of impairment.
We also compared maximum CGM glucose to blood glucose
based on 1-hour and 2-hour OGTT using the Bland-Altman
method (Figure 2). The comparison between OGTT and
maximum CGM values showed poor agreement between the
two methods (bias −96.06, SD 56.91, 95% limit of agreement
−207.6 to 15.49). In contrast, the comparison between 1-hour
OGTT and maximum CGM values showed some agreement
(bias −32.81, SD 41.18, 95% limit of agreement −113.5 to 47.9).

3.3. Impact of Abnormal CGM on Subsequent Health

3.3.1. Diagnosis of CFRD. One subject met criteria for CFRD
by OGTT (as well as by the CGM criteria defined for this
study: glucose > 200mg/dL on two dates) at the time of
the prospective study. Of those remaining subjects with
complete CGM and OGTT data (𝑛 = 17), 7/17 (41%)
subjects were diagnosed with CFRD within 4 years of their
study enrollment (5 subjects were diagnosed by symptoms
in combination with RPG > 200mg/dL, and 2 subjects were
diagnosed by subsequentOGTT) (Table 2). All of the subjects
who were subsequently diagnosed with CFRD had abnormal
CGM results at the time of the original study; CGM results
were interpreted as consistent with IGT in 3 subjects andwith
CFRD in 4 subjects. One hundred percent of the subjects
whose CGM results were consistent with CFRD went on
to develop CFRD in the follow-up study period. Abnormal
CGM (glucose> 200mg/dL on two dates) correctly identified
those subjects who would subsequently be diagnosed with
CFRD (𝜒2 = 17.27, DF = 2, 𝑝 = 0.0002). See Figure 3. Two of
the 7 subjects had normal OGTTs at the time of the original
study; the remainder of the subjects had IFG/IGT by OGTT.
One-hour glucose results were normal in 2 subjects, but the
remaining 5 subjects had 1-hour OGTT results consistent
with CFRD. Thus, the 1-hour OGTT result was also useful
in determining which subjects would develop CFRD (𝜒2 =
13.26, DF = 2, 𝑝 = 0.001).

Of the 10 subjects who have not met criteria for CFRD
since study enrollment (two of these subjects died, and 3



4 Journal of Diabetes Research

0 100 200 300
−250

−200

−150

−100

−50

0

50

Average glucose (mg/dL)

D
iff

er
en

ce
 in

 g
lu

co
se

 (m
g/

dL
)

(a)

D
iff

er
en

ce
 in

 g
lu

co
se

 (m
g/

dL
)

0 100 200 300
−250

−200

−150

−100

−50

0

50

Average glucose (mg/dL)

(b)

Figure 2: Bland-Altman evaluation of agreement between glucose testing methods. (a) Two-hour OGTT values compared to peak CGM
values. (b) One-hour OGTT values compared to peak CGM values. Dotted lines indicate bias and 95% limits of agreement.

Table 2: Original and current glucose metabolism.

Original glucose metabolism interpretation Current glucose metabolism
OGTT 1H OGTT CGM Status∗

1 Normal Normal IGT Normal
2 Normal IGT IGT, IFG Normal
3 Normal IGT IGT Normal
4 Normal IGT IFG, IGT Normal
5 Normal Normal IFT, IGT Normal
6 Normal Normal IGT IGT
7 Normal IGT IGT
8 Normal IGT IFG, IGT IGT
9 Normal Normal IFG, IGT CFRD
10 Normal Normal IGT CFRD
11 IFG Normal Normal Normal
12 IGT IGT IGT IGT
13 IGT CFRD IGT CFRD
14 IFG CFRD CFRD CFRD
15 IFG CFRD CFRD CFRD
16 IGT CFRD CFRD CFRD
17 IGT CFRD CFRD CFRD
18 CFRD CFRD CFRD CFRD
∗Current glucose metabolism status was determined by most recent OGTT when available (8 subjects) or by alternative guideline-recommended criteria
for CFRD: most recent A1C of >6.5% or RPG >200mg/dL with symptoms. For CGM, the following criteria were used for interpretation: fasting glucose
>126mg/dL or random glucose >200mg/dL indicated CFRD; random glucose >140mg/dL indicated IGT; fasting glucose >100mg/dL indicated IFG.

moved from the center), 5 subjects (50%) had at least one
OGTT in the 4-5 years subsequent to study enrollment.
Although 3 of 5 of the subjects had normal OGTTs at
enrollment (CGM results indicated IGT in all three subjects),
those 3 subjects have subsequently been diagnosed with IGT
byOGTT. All 10 subjects who have not met criteria for CFRD
since study enrollment have had at least one RPG and/or A1C
measured in the 4-5 years subsequent to enrollment. None
of the 10 subjects met criteria for CFRD based on an A1C
≥6.5% or RPG ≥200mg/dL in conjunction with polyuria and
polydipsia.

Using current glucose metabolism as the outcome
(Table 2), we calculated the sensitivity, specificity, and positive
(PPV) and negative predictive values (NPV) for CFRD of
subjects’ initial testing (CGM, 1-hour OGTT and 2-hour
OGTT results). The sensitivity, specificity, PPV, and NPV of
CGM for subsequent diagnosis of CFRD were 0.63 (CI 0.3–
0.86), 1.0 (CI 0.71–1.0), 1 (CI 0.54–1.0), and 0.77 (CI 0.49–
0.92), respectively. The sensitivity, specificity, PPV, and NPV
of 1-hour OGTT for subsequent diagnosis of CFRD were
0.75 (CI 0.4–0.92), 1.0 (CI 0.69–1.0), 1 (CI 0.59–1.0), and 0.82
(CI 0.52–0.95), respectively. Finally, the sensitivity, specificity,
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Figure 3: Abnormal CGM results predict the development of
guideline criteria diagnosed glucose abnormalities over time. CGM
results were categorized as normal (green circles), impaired (yellow
squares), or consistent with CFRD (red triangles). Time to event
was analyzed using the Log-rank (Mantel-Cox) test. 0/1 subjects with
normal CGM, 3/11 subjects with impaired glucose metabolism, and
5/5 subjects with CFRD by CGMwere subsequently diagnosed with
CFRD. (𝜒2 = 17.27, DF = 2, 𝑝 = 0.0002.)

PPV, and NPV of 2-hour OGTT for the subsequent diagnosis
of CFRDwere 0.13 (CI 0.03–0.48), 1.0 (CI 0.71–1.0), 1 (CI 0.15–
1.0), and 0.59 (CI 0.35–0.78), respectively.

3.3.2. Lung Function. Therewas nodifference in baseline lung
function between the patients who went on to develop CFRD
and those who did not (67.1±10.7 versus 66.3±7.9,𝑝 = 0.95).
There was a trend towards a correlation between maximum
CGM values and decline in lung function over time in the
group as a whole (𝑟 = 0.45; 95% CI −0.01 to 0.76, 𝑝 = 0.06),
but there was no correlation between these values in those
later diagnosed with DM (𝑟 = 0.03, 95% CI −0.69 to 0.72, 𝑝 =
0.9416).

3.3.3. BMI. There was no difference in baseline BMI between
the patients who went on to develop CFRD and those who
did not (20.80±1.08 versus 22.83±1.13, 𝑝 = 0.22).There was
no correlation between maximum CGM and decline in BMI
over time in the group as a whole (𝑟 = 0.33, 95% CI −0.16–
0.69, 𝑝 = 0.18), although there was a trend towards decline
in BMI in those later diagnosed with CFRD (𝑟 = −0.67, 95%
CI −0.93 to 0.07, 𝑝 = 0.07).

3.3.4. Pulmonary Exacerbation. There was no difference
between rate of exacerbations in subjects who went on to
develop CFRD versus those who did not (1.21 ± 0.29 versus
1.71 ± 0.26, 𝑝 = 0.22). There was no correlation between
maximum CGM and rate of exacerbations in the group as a
whole (𝑟 = 0.34, 95% CI −0.70 to 0.15, 𝑝 = 0.16), nor in those
who later were diagnosed with CFRD (𝑟 = 0.59, 95% CI −0.20
to 0.91, 𝑝 = 0.12).

4. Discussion

The goal of the prospective pilot study was to compare the
ability of the gold standard OGTT versus CGM to evaluate
glucose metabolism in CF. CGM detected a greater level of
impairment than the guideline-recommended OGTT. Sub-
sequently, we sought to determine if glucose abnormalities
detected by CGM predicted decline in health. In our small
study population, abnormal CGM results were not associated
with decline in lung function or BMI or increased rate of
exacerbations over the 5 years following the study. However,
abnormal glucose metabolism (glucose > 200mg/dL on two
dates) identified by CGM accurately identified those who
would later be diagnosed with CFRD.The sensitivity of CGM
was similar to that of 1-hourOGTT, and bothwere better than
that of 2-hour OGTT for subsequent development of CFRD.

CFRD occurs in approximately 40–50% of adults with
CF [1, 4]. Numerous studies have shown that development
of CFRD is associated with lung function and BMI decline
[4, 8, 9, 20]; these adverse health effects can begin in the years
prior to diagnosis [21]. A recent review of diabetes-related
mortality in CF showed that the overall mortality for patients
with CFRD was 1.8 per 100 person-years, compared with
0.5 in patients with CF without diabetes (𝑝 = 0.0002) [11].
Importantly, the increased morbidity and mortality can be
improved with use of insulin therapy in patients with CFRD
[4, 21–27].

Very few patients with CF have completely normal
glucose metabolism [12]. In addition to those patients who
are diagnosed with CFRD, 10–20% of patients with CF who
do not meet criteria for diagnosis of CFRD have impaired
glucose tolerance when it is evaluated [1]. Other investiga-
tors have shown that patients with elevated 1-hour OGTT
values are at increased risk of developing CFRD [28, 29].
Furthermore, patients with one-hour OGTT glucose greater
than 140mg/dL have been shown to be at risk for lung
function decline directly related to the degree of one-hour
glucose elevation [30]. While treatment of patients with IGT
is not well studied, 2 case series have shown reversal of
decline in lung function and BMI decline with use of insulin
therapy in CF patients with IGT [31, 32]. Thus, impaired
glucose metabolism is a prevalent issue leading to increased
morbidity and mortality that can be reversed with treatment
when it is diagnosed.

Although rates of screening for CFRD using OGTT have
increased since the guidelines [12] were published, rates of
screening are still quite low. In 2014, only approximately 54%
of children between 10 and 17 years of age and 28% of adults
≥18 years of age underwent CFRD screening with the recom-
mended OGTT [1]. At our center in 2014, approximately 36%
of patients ≥10 years of age underwent OGTT screening.

Because of the difficulty in obtaining annual screening
OGTT, it would be ideal to use a sensitive test that does
not require fasting (in a patient population that suffers from
malnutrition) and an additional 2-3 hours in clinic. Although
AIC is quick and easy to assess, it is not recommended for
CFRD screening because it demonstrates a low degree of
correlation with OGTT and is insensitive for the diagnosis of
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CFRD [33, 34]. In contrast to the performance of A1C against
OGTT, we showed a strong correlation with CGMand 1-hour
OGTT and a moderate degree of correlation with 2-hour
OGTT results. CGM detected a greater degree of glucose
excursions >140mg/dL than OGTT. Because there are no
dietary restrictions during CGM, CF patients’ recommended
diet will often exceed the 75-gram load of OGTT. However,
a glucose >140mg/dL occurs very rarely in nondiabetic
individuals tested by CGM [35]. Furthermore, the test can be
performed with relative ease, with a small increase in overall
cost of diabetes screening.

O’Riordan and colleagues sought to validate the use of
CGM in a prospective cohort of children and adolescents
with CF [14]. They demonstrated that CGM performed on
twooccasions over a 12-month periodwas reliablewhen com-
pared with OGTT (Bland-Altman agreement 0.81mmol/L;
95% CI for bias ± 2.90mmol/L), as well as reproducible
and repeatable between visits. Nineteen of the twenty-one
patients in our study had adequate data for analysis.

Subsequent to the validation ofCGMin children and ado-
lescents with CF, other researchers have examined whether
abnormal glucose metabolism by CGM predicts clinical
outcomes. Hameed et al. prospectively studied 33 children
with CF who were scheduled to undergo OGTT as part
of routine health screening. Twenty-five of the children
agreed to simultaneously undergo CGM.They found that the
amount of time a patient experienced elevated blood glucose,
specifically a blood glucose of >7.8mmol/L (140.4mg/dL) for
≥4.5% of the time, was associated with declining nutritional
status and lung function in the preceding 12 months [15].
Additionally, in a single center cross-sectional study in stable
adult and pediatric patients with CF undergoing routine
annual OGTT, investigators performed CGM and evaluated
the effects of CGM glucose >11mmol/L (198mg/dL) on
health outcomes. Patients with CGM glucose >11mmol/L
had lower lung function and increased prevalence of Pseu-
domonas aeruginosa lung infection [16]. These two studies
show that early glucose abnormalities are detectable by
CGM in children and adults with CF and are associated
with historical decline and contemporaneous worse health
outcomes. Finally, Schiaffini et al. [17] obtained OGTT and
CGM on 17 children (mean age approximately 13 years) with
CF followed by repeat OGTT in 2.5 years. They found that
altered glucose metabolism measured by CGM was the best
predictor of future glucose metabolism abnormalities. These
studies did not answer the question of whether abnormal
CGM predicts future health outcomes in adults with CF. We
demonstrated that abnormal CGM does identify those who
will develop CFRD. We were unable to show that maximum
CGM value predicted declines in lung function and/BMI or
increased rate of exacerbations. Because this study was a pilot
study, it was underpowered to detect such differences.
Limitations. Although OGTT and CGM were collected
prospectively, information regarding subsequent diagnosis of
CFRD, lung function, and BMI was collected retrospectively.
In the original study, CGM data was interpreted in a blinded
fashion; however, knowledge of CGM results might have led
to bias/more sensitivity to symptoms by clinicians. On the
other hand, abnormal OGTT results (i.e., impaired fasting

glucose and/or impaired glucose tolerance) should also alert
clinicians/caregivers to increase monitoring of a patient’s
glucose metabolism.

Six of the patients began CFTR modulators during the
retrospective observational study period. Although a formal
study of the impact of ivacaftor on glucose metabolism
is underway (NCT02039986), to date only a case report
and a case series have been published [36, 37]. Based on
these reports, it is possible that CFTR modulation may
have improved glucose metabolism in our six patients who
received them, thus influencing their current state of glucose
metabolism.

5. Conclusions

In adult patients with CF, CGM identified a greater degree
of impaired glucose metabolism than the gold standard 2-
hour OGTT. Furthermore, glucose >200mg/dL on two dates
by CGM correctly identified subjects who developed CFRD
over time.The sensitivity and negative predictive values were
similar for both CGM and 1-hour OGTT for subsequent
development of CFRD, and both exceeded those values for
the traditional OGTT measurements. Patient tolerance of
CGM is excellent [14–17]. Our findings suggest that either
including a 1-hour OGTT measurement or using CGM may
provide a better tool for identifying patients who are at
highest risk for the development of CFRD. Larger studies
are required to test this hypothesis and to more accurately
evaluate the ability of CGMdata to predict changes in clinical
endpoints such as lung function, nutritional status, and rate
of pulmonary exacerbations. Impaired glucose metabolism is
clearly associated with poor health outcomes in patients with
CF; therefore, such investigationmay be important as we look
for better ways to quickly identify and intervene in subjects at
greater risk of clinical decline.
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malities in cystic fibrosis are preceded by poor weight gain,”
Diabetes Care, vol. 33, no. 2, pp. 221–226, 2010.

[16] A. Leclercq, B. Gauthier, V. Rosner et al., “Early assessment of
glucose abnormalities during continuous glucose monitoring
associated with lung function impairment in cystic fibrosis
patients,” Journal of Cystic Fibrosis, vol. 13, no. 4, pp. 478–484,
2014.

[17] R. Schiaffini, C. Brufani, B. Russo et al., “Abnormal glucose
tolerance in children with cystic fibrosis: the predictive role of
continuous glucose monitoring system,” European Journal of
Endocrinology, vol. 162, no. 4, pp. 705–710, 2010.

[18] “Special issue: the 24th annual North American cystic fibrosis
conference, Baltimore Convention Center, Baltimore, Mary-
land, October 21–23, 2010,” Volume 45, Issue S33 Pages 1–477,
2010.

[19] American Diabetes A, “Diagnosis and classification of diabetes
mellitus,”Diabetes Care, vol. 37, supplement 1, pp. S81–S90, 2014.

[20] R. J. Miller, H. D. Tildesley, P. G. Wilcox, H. Zhang, and S. H.
Kreisman, “Sex disparities in effects of cystic fibrosis-related
diabetes on clinical outcomes: a matched study,” Canadian
Respiratory Journal, vol. 15, no. 6, pp. 291–294, 2008.

[21] M. A. Rolon, K. Benali, A. Munck et al., “Cystic fibrosis-related
diabetes mellitus: clinical impact of prediabetes and effects of
insulin therapy,” Acta Paediatrica, vol. 90, no. 8, pp. 860–867,
2001.

[22] S. Lanng, B. Thorsteinsson, J. Nerup, and C. Koch, “Diabetes
mellitus in cystic fibrosis: effect of insulin therapy on lung
function and infections,” Acta Paediatrica, vol. 83, no. 8, pp.
849–853, 1994.



8 Journal of Diabetes Research

[23] M. Rafii, K. Chapman, C. Stewart et al., “Changes in response to
insulin and the effects of varying glucose tolerance on whole-
body protein metabolism in patients with cystic fibrosis,” The
American Journal of Clinical Nutrition, vol. 81, no. 2, pp. 421–
426, 2005.

[24] K. Mohan, K. L. Israel, H. Miller, R. Grainger, M. J. Ledson, and
M. J. Walshaw, “Long-term effect of insulin treatment in cystic
fibrosis-related diabetes,” Respiration, vol. 76, no. 2, pp. 181–186,
2008.

[25] D. S. Hardin, J. Rice, M. Rice, and R. Rosenblatt, “Use of the
insulin pump in treat cystic fibrosis related diabetes,” Journal of
Cystic Fibrosis, vol. 8, no. 3, pp. 174–178, 2009.

[26] E. Mozzillo, A. Franzese, G. Valerio et al., “One-year glargine
treatment can improve the course of lung disease in children
and adolescents with cystic fibrosis and early glucose derange-
ments,” Pediatric Diabetes, vol. 10, no. 3, pp. 162–167, 2009.

[27] A. Moran, P. Pekow, P. Grover et al., “Insulin therapy to
improve BMI in cystic fibrosis-related diabetes without fasting
hyperglycemia: results of the cystic fibrosis related diabetes
therapy trial,”Diabetes Care, vol. 32, no. 10, pp. 1783–1788, 2009.

[28] K. Schmid, K. Fink, R.W.Holl, H.Hebestreit, andM. Ballmann,
“Predictors for future cystic fibrosis-related diabetes by oral
glucose tolerance test,” Journal of Cystic Fibrosis, vol. 13, no. 1,
pp. 80–85, 2014.

[29] S. Sheikh, M. E. Putt, K. A. Forde, R. C. Rubenstein, and A.
Kelly, “Elevation of one hour plasma glucose during oral glucose
tolerance testing,” Pediatric Pulmonology, vol. 50, no. 10, pp.
963–969, 2015.

[30] J. Brodsky, S. Dougherty, R. Makani, R. C. Rubenstein, and A.
Kelly, “Elevation of 1-hour plasma glucose during oral glucose
tolerance testing is associated with worse pulmonary function
in cystic fibrosis,”Diabetes Care, vol. 34, no. 2, pp. 292–295, 2011.

[31] L. Dobson, A. T. Hattersley, S. Tiley, S. Elworthy, P. J. Oades,
and C. D. Sheldon, “Clinical improvement in cystic fibrosis with
early insulin treatment,” Archives of Disease in Childhood, vol.
87, no. 5, pp. 430–431, 2002.

[32] C. Bizzarri, V. Lucidi, P. Ciampalini, S. Bella, B. Russo, and M.
Cappa, “Clinical effects of early treatment with insulin glargine
in patients with cystic fibrosis and impaired glucose tolerance,”
Journal of Endocrinological Investigation, vol. 29, no. 3, pp. RC1–
RC4, 2006.

[33] S. Lanng, A. Hansen, B. Thorsteinsson, J. Nerup, and C. Koch,
“Glucose tolerance in patients with cystic fibrosis: five year
prospective study,”BritishMedical Journal, vol. 311, no. 7006, pp.
655–659, 1995.

[34] A. Godbout, I. Hammana, S. Potvin et al., “No relationship
between mean plasma glucose and glycated haemoglobin in
patients with cystic fibrosis-related diabetes,” Diabetes and
Metabolism, vol. 34, no. 6, pp. 568–573, 2008.

[35] L. A. Fox, R.W. Beck, D. Xing et al., “Variation of interstitial glu-
cose measurements assessed by continuous glucose monitors in
healthy, nondiabetic individuals,” Diabetes Care, vol. 33, no. 6,
pp. 1297–1299, 2010.

[36] M. D. Bellin, T. Laguna, J. Leschyshyn et al., “Insulin secretion
improves in cystic fibrosis following ivacaftor correction of
CFTR: a small pilot study,” Pediatric Diabetes, vol. 14, no. 6, pp.
417–421, 2013.

[37] D. Hayes Jr., K. S. McCoy, and S. I. Sheikh, “Resolution of cystic
fibrosis-related diabetes with ivacaftor therapy,” American Jour-
nal of Respiratory and Critical Care Medicine, vol. 190, no. 5, pp.
590–591, 2014.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


