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Running head: variability of glucose tolerance in patients with cystic fibrosis 

Key messages:  

- In a context of very variable glucose tolerance within patient’s overtime, more importance should be 

given to recurring glucose abnormalities.  

- Recurring glucose abnormalities need enhanced surveillance before discussion of treatment burden 

and insulin initiation. 
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ABSTRACT 

Aim: to evaluate within-patient variability of glucose tolerance status over time and determine the 

impact of glucose metabolism evolution over time on clinical change (pulmonary function and BMI) 

in children and adult CF patients.  

Methods: 105 children and 94 adult CF patients were included and examined at inclusion then yearly 

over a three-year follow-up period. At each visit, all subjects underwent a 2-h OGTT. Patients were 

then classified in 3 groups according to the variation of their OGTT results during follow-up: stable 

glucose tolerance group, improved glucose tolerance group and deteriorated glucose tolerance group. 

Clinical status (pulmonary function and BMI) of the 3 glucose tolerance evolution groups (stable, 

improved and deteriorated) were compared over the follow-up period. 

Results: Sixty-nine patients (34.7%) maintained a similar glucose tolerance status during follow-up 

(stable group). The remaining patients had either deteriorated (33, 16.6%) or improved (97, 48.7%) 

their glucose tolerance status. For children and adult at inclusion, no significant difference of age, BMI 

Z-score weight, FEV1 and number of days of intravenous antibiotic per year was observed between 

the three glucose evolution groups (stable, deteriorated, improved). During follow-up, no significant 

difference was observed between the three groups for mean FEV1 change per year and mean BMI Z-

score change per year in children and adults.   

Conclusion: Recurring glucose abnormalities need enhanced surveillance to evaluate the clinical 

impact of these abnormalities and before discussion of insulin initiation. 

Key words: Cystic fibrosis-related diabetes, Oral glucose tolerance test, Pulmonary function, 

Body mass index 
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INTRODUCTION 

Cystic fibrosis related diabetes (CFRD) is the most common endocrine complication of CF and affects 

about 20% of adolescents and 40 to 50% of adults [1]. As the average life span of people with cystic 

fibrosis continues to grow, CFRD is expected to become more common. The diagnosis of CFRD is 

associated with worse clinical outcomes in patients with CF, reflected in more frequent pulmonary 

exacerbations, greater reduction in lung function, poorer nutritional status and decreased survival [2–

4]. Even impaired glucose tolerance occurring before the diagnosis of diabetes has been linked to 

major clinical deterioration [5,6]. Recommendations for annual screening using a 75g oral glucose 

tolerance test (OGTT) and insulin treatment initiation when the diagnosis is confirmed are established 

by the Cystic Fibrosis Foundation and the European Cystic Fibrosis Society [7,8]. Some studies have 

reported a high variation in glucose tolerance over time [9–12], and dysglycemia appears to be a 

dynamic process due to variable insulinopenia and insulin resistance. The impact on clinical status 

(lung function and BMI) over time of different glucose abnormalities (Normal Glucose tolerance, 

Abnormal Glucose Tolerance, CFRD) has been evaluated in only a few studies and no important 

differences were observed between glucose abnormalities subgroups [11,13]. The aim of this study 

was to evaluate within-patient variability of glucose tolerance status over time and determine the 

impact of glucose metabolism evolution over time on clinical change (pulmonary function and BMI) 

in children and adult CF patients.  

METHODS 

Study design, population, and oral glucose tolerance testing (OGTT) 

Inclusion and exclusion criteria, population characteristics, OGTT testing were previously described in 

the DIAMUCO study [11]. The participants were examined at inclusion then yearly over a three-year 

follow-up period as part of routine follow-up visits. At each examination, the physicians collected, 

among other data: weight, height, FEV1, and OGTT results. FEV1 values were expressed as 

percentage of the predicted normal value given by Knudson formula. At each visit, all subjects 

underwent a 2-h OGTT. Blood sample were taken at 0 (0), 60 (1), and 120 (2) min to measure plasma 
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glucose (G0, G1, G2) and insulin values (I0, I1, I2) (immunoradiometric assay, BI-INS-IRMA, Cisbio 

Bioassays, France). Insulin sensitivity (Stumvoll index) and insulin resistance (HOMA-IR) were 

calculated. At baseline, patients were classified into different subgroups of glucose tolerance 

according to international guidelines: Normal Glucose Tolerance (NGT) (G0 ≤ 7.0 mmol/L and G2 ≤ 

7.7 mmol/L), Abnormal glucose tolerance (AGT) defined as having either indeterminate glucose 

tolerance (INDET) (G0 ≤ 7.0 mmol/L and G2 ≤ 7.7 mmol/L, but G1 ≥ 11.1 mmol/L) or impaired 

glucose tolerance (IGT) (G0 ≤ 7.0 mmol/L and G2 > 7.7 mmol/L but < 11.1 mmol/L) and finally de 

novo CFRD (G0 > 7.0 mmol/L  or G2 ≥ 11.1 mmol/L). Patients diagnosed with CFRD after an OGTT 

were kept in the cohort and the analysis whenever they had at least 2 OGTT measurements on 2 

different visits (before or including the one diagnosing CFRD) including those who required insulin 

treatment after CFRD diagnosis and those who met strict CFRD criteria but were left untreated. Once 

CFRD was confirmed on a second OGTT, the test was not redone the year after if the patient was 

treated with insulin. According to conventional criteria (American Diabetes Association and Cystic 

Fibrosis Foundation) [1] patients diagnosed with fasting hyperglycemia at any moment during the 

three-year follow-up received an antidiabetic treatment (insulin). Patients with abnormal OGTTs 

(impaired glucose tolerance, CFRD without fasting hyperglycemia) were monitored at home with 

three daily glycemic controls including before- and after-meal glucose level controls during a 

minimum of 7 days. Patients with after-meal glucose levels < 10 mmol/L were left untreated. In case 

of clinical worsening, OGTT was repeated and patients found with abnormal OGTT were given 

insulin when justified. Patients were then classified in 3 groups according to the variation of their 

OGTT results ( at least 2 OGTT tests) during follow-up: stable glucose tolerance group for patients 

who maintained a similar glucose tolerance status at fourth tests; improved glucose tolerance group for 

patients who reverted at least once over the four tests from CFRD to AGT or NGT, and from AGT to 

NGT; deteriorated glucose tolerance group for patients who worsened their glucose tolerance at least 

once over the 4 tests from NGT to AGT, or AGT to CFRD, or NGT to CFRD without any reversion. 

 

Statistical analysis  
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Characteristics data were presented as the median with interquartile range (IQR) and percentage, as 

appropriate. We compared at baseline the 3 subgroups of glucose tolerance (NGT, AGT, CFRD). 

Glucose tolerance evolution groups (stable, improved and deteriorated) were also compared over the 

follow-up period using non-parametric tests for quantitative variables (Mann-Whitney test).  

To compare clinical changes in FEV1 and BMI of the 3 glucose tolerance evolution groups over time, 

we used a linear model with random intercept taking into account the repeated data. Analyses were 

done separately for children and adults. 

All Analyses were performed using statistical software package (SAS, version 9.3; SAS Institute; 

Cary, NC). All p-values reported are two-tailed; values ≤ 0.05 were considered statistically significant. 

 

RESULTS 

Baseline 

The study included 111 children (59 males and 52 females) and 117 adults (65 males and 52 females). 

Their main inclusion characteristics according to each OGTT classification subgroup are shown in 

Table 1.  

Glucose tolerance status evolution during follow-up 

Over the 3-year follow-up period, 199 patients whom completed at least 2 OGTTs were included in 

the analysis, including 105 children and 94 adults. Sixty-nine patients (34.7%) maintained a similar 

glucose tolerance status during follow-up (stable group). The remaining patients had either 

deteriorated (33, 16.6%) or improved (97, 48.7%) their glucose tolerance status during follow-up. 

During follow-up, 17 participants required insulin treatment in the deteriorated group. 

Children 

At inclusion, for children, no significant difference of age, BMI Z-score weight, FEV1 and number of 

days of intravenous antibiotic per year was observed between the three glucose evolution groups 

(stable, deteriorated, improved),Table 2. Only G2 values of the improved group was higher compared 
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to the 2 others groups (p = 0.004). Insulin resistance (HOMA-IR) and insulin secretion (HOMA-S) 

compared at baseline between the 3 groups were not significantly different.  

During follow-up, no significant difference was observed between the three groups for mean FEV1 

change per year (deteriorated vs stable p = 0.13; deteriorated versus improved p = 0.51; improved vs 

stable p = 0.32) and mean BMI Z-score change per year (deteriorated vs stable p = 0.22; deteriorated 

versus improved p = 0.05; improved vs stable p = 0.55) (Figure 1). 

Adults 

At inclusion in adults, no significant difference of age, BMI, FEV1 and number of days of intravenous 

antibiotic per year was observed between the three glucose evolution groups (stable, deteriorated, 

improved)  ,Table 2.G1 and G2 values, and I2 insulin were statistically different between the 3 groups 

at inclusion (p = 0.002, p < 0.0001 and p = 0.005 respectively). Insulin resistance (HOMA-IR) and 

insulin secretion (HOMA-S) compared between the 3 groups were not significantly different.  

During follow-up, the mean FEV1 change per year (deteriorated vs stable p = 0.29; deteriorated versus 

improved p = 0.15; improved vs stable p = 0.58) and mean BMI change per year (deteriorated vs 

stable p = 0.53; deteriorated versus improved p = 0.77; improved vs stable p = 0.50) were not 

statistically different between the 3 groups (Figure 1). 

 

DISCUSSION 

This large CF cohort study was designed to evaluate glucose tolerance variability over time and 

evaluate the relationship between glucose tolerance evolution and clinical deterioration in children and 

adult CF patients over time. The study confirmed the high variability of glucose tolerance status over 

the 3-year follow up period, as previously described [9–11,14]. However, no significant decrease of 

FEV1 or BMI over time was observed in the deteriorate group compared to stable group either in 

children or adults, taking into account that 17 patients required insulin treatment in the deteriorated 

group. The absence of a faster FEV1 decline in the deteriorated group compared to others may be 
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explained by insulin treated patients. This may also be due to the relative shortness of the follow up 

period and the small sample sizes of the different groups. In children, this may also be due to the 

relative shortness of the follow-up period; in fact, FEV1 may remain generally stable over a few years, 

particularly in children. 

Despite no significant difference, the improved group (children and adults) has higher BMI at 

inclusion compared to deteriorated and stable. The nutritional status remained stable over time, which 

may be explained by better nutritional care in patients with known glucose abnormalities. This better 

clinical status is not confirmed for FEV1, with surprisingly, although not significant, a higher FEV1 in 

deteriorated group at inclusion. 

In our cohort, insulin resistance (HOMA-IR) and insulin secretion (HOMA-S) compared at baseline 

between the 3 groups were not significantly different. A recent paper by Boudreau et al. [12] observed 

insulin secretion and insulin sensitivity for 152 adult patients whom completed 2 OGTTs with a mean 

of 21.2 ± 5.5 months between the 2 tests. Patients were classified in 3 groups according to the 

variation of their glucose tolerance between baseline and follow up: stable, improved and deteriorated. 

They suggested that insulin secretion in their 3 groups of glucose tolerance remained stable whereas 

insulin sensitivity mirrored changes in glucose tolerance. Our paper support different results as we 

also included children, and analyzed data over a longer period with a minimum of 2 OGTT over the 

follow up period. Another point is also that we kept in the cohort non-treated CFRD patients but also 

patients with CFRD treated with insulin.  

In a context of very variable glucose tolerance within patient’s overtime, we would recommend giving 

more importance to recurring glucose abnormalities rather than isolated glucose abnormalities. 

Recurring glucose abnormalities need enhanced surveillance before discussion of treatment burden 

and insulin initiation. Continuous glucose monitoring will perhaps allow better assessment of glucose 

abnormalities over time and contribute to the decision of starting insulin.  
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 Children Adults 

Characteristic NGT AGT CFRD NGT AGT CFRD 

Nb. of participants 75 30 6 78 28 11 

Males n, [%] 43 [57.3 %] 13 [43.3 %] 3 [50.0 %] 47 [60.3 %] 15 [53.6 %] 5 [45.4 %] 

Genotype       

DelF508-

homozygous 
45 [60 %] 16 [53.3 %] 4 [66.7 %] 39 [50.0 %] 19 [67.8 %] 5 [45.4 %] 

Age in years 

median[IQR]  

12.79 

[9.89;17.89] 

13.70 

[9.71;17.93] 

15.53 

[10.23;17.66] 

24.71 

[18.09;48.81] 

23.55 

[18.11;47.87] 
28.11 

[18.52;28.12] 

BMI in Kg/m2 

median[IQR]* 
-0.66 [-

3.49;2.16]* 
-0.89 [-

2.34;1.20]* 
-0.91 [-

3.36;1.18]* 
-0.43 [-

3.15;1.77] 
-0.83 [-

1.83;1.08] 
-0.50 [-

3.16;0.60] 

FEV1 in % 

median[IQR] 
90 [30;126] 80 [37;138] 92 [64;103] 60 [22;110] 66 [27;107] 52 [18;40] 

 

Table 1 – Patient’s characteristics at inclusion for each OGTT results subgroup. 

* BMI Z-score median [IQR] 

Normal Glucose Tolerance (NGT) (G0 ≤ 7.0 mmol/L and G2 ≤ 7.7 mmol/L), 

(G0 ≤ 7.0 mmol/L and G2 ≤ 7.7 mmol/L, but G1 ≥ 11.1 mmol/L) or impai
≤ 7.0 mmol/L and G2 > 7.7 mmol/L but < 11.1 mmol/L) and finally de novo CFRD (G0 > 7.0 

mmol/L  or G2 ≥ 11.1 mmol/L) 
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Abstract

Background: The prevalence of cystic fibrosis-related diabetes is increasing. This condition is potentially responsible for respiratory decline.
Methods: At inclusion, then yearly (over three years), 111 children and 117 adults with cystic fibrosis had oral glucose tolerance and insulin tests at
one (G1) and 2 h (G2). KmL analysis identified homogeneous G1 and G2 glucose trajectories. A linear mixed model quantified the relationships
between trajectories and FEV1 changes.
Results: In children, there were three G1 and four G2 trajectories and FEV1 decrease was not significantly different between G1 or G2 trajectories.
In adults, two G1 and four G2 trajectories were identified and FEV1 change was estimated at −0.85/year (95% CI: [−1.54; −0.17], p = 0.01)
whatever the G1 trajectory and found significantly faster in the high and increasing G2 trajectory (−2.1/year, [−3.9; −0.2], p = 0.03).
Conclusions: In case of persistent G2 abnormality, physicians should be alert for clinical deterioration and intensify patient surveillance.
© 2017 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.

Keywords: Cystic fibrosis-related diabetes; Oral glucose tolerance test; Pulmonary function; Body mass index

1. Introduction

In cystic fibrosis (CF) patients, CF-related diabetes (CFRD)
is a highly prevalent non-respiratory comorbidity. Its increasing
prevalence may be linked to the increase in screening rates and
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the extension of life expectancy. By the start of the current
decade, CFRD was affecting 9% of CF patients aged 5 to
9 years, 26% of those aged 10 to 20 years, and up to 50% of
those aged ≥30 [1,2]. Similar prevalence rates were given by
the last report of the French CF Registry (2014) [3].

In CF, an annual 75 g oral glucose tolerance test (OGTT) for
screening CFRD is now standard care in patients aged
≥10 years. The diagnosis of CFRD is currently recommended
by the American Diabetes Association despite some limitations
[4]. The strict diagnostic criterion of CFRD is still one OGTT
made when patients are clinically stable and confirmed three
months later whereas recent studies in CF patients have shown
that glucose homeostasis is highly variable over time [5,6]. A
recent study suggested a role for decreased insulin sensitivity in
the deterioration of glucose tolerance [7].

Screening for CFRD is important because it may be partly
responsible for deterioration of pulmonary function [8]. This
explains the recourse to OGTT and other markers and thresholds
of glucose abnormality as early predictors of CFRD development
and clinical deterioration; however, the relative importance of
these predictors and their link with the decline of the forced
expiratory volume in 1 s (FEV1) are still unclear. In recent
cross-sectional studies [9,10], the elevation of 1-h fasting plasma
glucose during 75 g-OGTT has been shown associated with poor
pulmonary function and, more recently, new subgroups of
patients with indeterminate glucose tolerance (INDET) had
reduced pulmonary functions [11]. Though, none of these studies
has taken into account the high changes of glucose homeostasis
over time.

The aim of the present study was to identify patterns of
glucose homeostasis change over time in children and adults
with CF and explore a possible link between these patterns and
pulmonary function.

2. Methods

2.1. Study design and population

This multicenter prospective cohort study considered first all
CF patients aged ≥10 years who attended four CF centers (two
adult and two pediatric centers) in the French Rhône-Alpes
Region between 2009 and 2011. After excluding CF patients with
pancreatic insufficiency (defined by the need for pancreatic
enzyme supplementation), patients with current antidiabetic
treatment (insulin or oral antidiabetic), patients with previous or
planned pulmonary transplantation, and pregnant or breastfeeding
women, the study kept 228 CF patients as participants: 111
children (aged 10 to 18 years at inclusion) and 117 adults
(N18 years).

The main participant characteristics collected at inclusion
were: sex, age, genotype, body mass index (BMI) in adults,
BMI Z-scores in children, and FEV1. The participants were
examined at inclusion then yearly over a three-year follow-up
period as part of routine follow-up visits. At each examination,
the physicians collected, among other data: weight, height,
FEV1, and OGTT results. FEV1 values were expressed as
percentage of the predicted normal value given by Knudson

formula [12]. All measurements of the same variable were
carried out the same way over the whole study period.

The institutional review board of each participating hospital
authorized the study in accordance with the current ethical
standards. Printed information about the study was given to
each participant or legal surrogate and his/her signed informed
consent obtained. The study ClinicalTrials.gov Identifier is
NCT01072708.

2.2. Oral glucose tolerance testing

Each OGTT was carried out after an overnight fast before a
routine clinical visit. The participant was given glucose (1.75 g
per kg bodyweight, maximum 75 g); then plasma glucose and
insulin were measured at start (G0), 1 h (G1), and 2 h (G2).
Insulin was measured with BI-INS-IRMA kit (CisBio Bioassays,
Codolet, France).

At the time of OGTT, all participants were clinically stable
with no recent pulmonary exacerbation or symptoms of acute
infection. Individuals treated with long-term low-dose oral
corticosteroids were included in the study. Patients were kept in
the cohort and the analysis whenever they had at least two
OGTT measurements on two different visits, including those
who required insulin treatment, met strict CFRD criteria but
were left untreated, underwent pulmonary transplantation, or
died during follow-up.

According to conventional criteria (American Diabetes
Association and Cystic Fibrosis Foundation) [1] patients
diagnosed with fasting hyperglycemia at any moment during
the three-year follow-up received an antidiabetic treatment
(insulin). Patients with abnormal OGTTs (impaired glucose
tolerance, CFRDwithout fasting hyperglycemia) were monitored
at home with three daily glycemic controls including before- and
after-meal glucose level controls during a minimum of 7 days.
Patients with after-meal glucose levels b10 mmol/L were left
untreated. In case of clinical worsening, OGTT was repeated and
patients found with abnormal OGTT were given insulin when
justified.

2.3. Statistical analysis

The participants' characteristics at inclusion were described
using the mean ± standard deviation or the median (range) for
quantitative variables and the absolute + relative frequency in
each category for qualitative variables.

A longitudinal cluster analysis method, KmL [13], was used
to split the participants into several homogeneous subgroups of
G1 and G2 glycemia changes over three years of follow-up.
The method allows identifying subgroups of participants that
follow similar patterns of glucose changes over time, herein
called “glucose trajectories”. For a given number of subgroups
(2, 3, or 4), the optimal partition was obtained by maximizing
the between-subgroup variance. The number of subgroups
retained was determined according to Calinski & Harabasz
criterion [14].

A graphical interface was also used to allow an a posteriori
choice of the subgroups according to their clinical significance
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and to describe each subgroup according to the level and shape
of the glucose trajectory. Missing G1 or G2 data were imputed
with the CopyMean method [13].

The characteristics of the participants at inclusion were
described by subgroup. Age, FEV1, and BMI at inclusion were
compared between subgroups using Kruskal-Wallis test.

A linear mixed model was used to quantify the relationship
between changes of FEV1 over time and G1 or G2 trajectories.
This allowed modelling FEV1 changes taking into account the
within-participant correlation between FEV1 successive mea-
surements (a random intercept and a random slope were
introduced in the model). The link between glucose trajectories
and changes in FEV1 was quantified using an interaction term
between time and subgroups. The analysis was adjusted on sex
and age at inclusion. The age at inclusion was centered on
13 years old in children and 25 years old in adults. The effect
of age on the mean FEV1 at inclusion was expressed per 1-year
increment.

All these analyses were carried out in children and adults
separately because the slope of deterioration of the pulmonary
function differs between children and adults and because the
patterns of glucose changes were expected to be also different
between children and adults.

As the results indicated that FEV1 changes over time were
significantly different between G2 trajectories in adults, the
relationship between insulin changes over the 3-year follow-up
and G2 trajectories was analyzed using a linear mixed model. In
this model, plasma insulin was measured at 1 h (G1 insulin)
and 2 h (G2 insulin) during the OGTT.

The longitudinal cluster analyses used KmL package in R
software, version 3.0.3 (http://www.r-project.org/). All other
statistical analyses were performed with Stata 13 (StataCorp.
2013. Stata Statistical Software: Release 13. College Station,
TX: StataCorp LP). All tests were two-tailed and p b 0.05 was
considered for statistical significance.

3. Results

3.1. Participant characteristics

The study included 111 children (mean age 13.5 ± 2.3,
59 males and 52 females) and 117 adults (mean age 26.3 ± 6.6,
65 males and 52 females). Their main characteristics are shown
in Table 1. At inclusion, 7.5% of the participants were receiving
systemic corticosteroids at low and stable doses (only adults).
During follow-up, 2 participants died, 11 underwent pulmonary
transplantation, and 17 required insulin treatment (see Supple-
mentary Table 1). The mean BMI in adults and the BMI
Z-score in children was stable during the 3-year follow-up (see
Supplementary Table 2).

3.2. Children G1 and G2 subgroups

For G1, the analysis carried out in children (c) yielded three
subgroups that correspond to the following glucose trajectories
(Fig. 1a): intermediate level and stable over time (subgroup
cG1-IS; 50 participants: 27girls and 23 boys), low level and T
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stable over time (subgroup cG1-LS; 44 participants: 17 girls
and 27 boys), and high level and increasing over time
(subgroup cG1-HI; 17 participants: 8 girls and 9 boys).

For G2, the analysis yielded four subgroups that correspond
to the following glucose trajectories (Fig. 1b): low level and
stable over time (subgroup cG2-LS; 54 participants: 19 girls
and 35 boys), intermediate level and decreasing over time
(subgroup cG2-ID; 34 participants: 20 girls and 14 boys), low
level and increasing then decreasing over time (subgroup
cG2-LID; 15 participants: 8 girls and 7 boys), and high level
and stable over time (subgroup cG2-HS; 8 participants: 5 girls
and 3 boys).

Details on the children within each glucose trajectory at
inclusion are given in Table 1. At inclusion, there were no
statistically significant differences regarding age, FEV1, or
BMI Z-score between G1 subgroups (p = 0.50, 0.83, and 0.15,
respectively) or between G2 subgroups (p = 0.17, 0.85, and
0.10, respectively).

3.3. FEV1 changes in children according to the glucose
trajectories

After adjustment on sex and age at inclusion, the change
in FEV1 over time was estimated at −1.1% per year (95% CI:
[−2.64; 0.45]; p = 0.17) in subgroup cG1-LS (Table 2). The
changes in FEV1 over time were not significantly different vs.
subgroup cG1-IS or cG1-HI (p = 0.71 and p = 0.98, respectively).

Regarding G2, the changes in subgroups cG2-ID, cG2-LID,
and cG2-HS were faster than in subgroup cG2-LS but the
differences were not statistically significant (p = 0.28, 0.25,
and 0.41, respectively) (Table 2).

3.4. Adult G1 and G2 subgroups

For G1, the analysis carried out in only 114 adults with two
measurements yielded two subgroups that correspond to the
following glucose trajectories (Fig. 2a): low level and stable
over time (subgroup aG1-LS; 68 participants: 33 women and

35 men) and intermediate level and stable over time (subgroup
aG1-IS; 46 participants: 16 women and 30 men).

For G2, the analysis carried out on all 117 adults yielded
four subgroups that correspond to the following trajectories
(Fig. 2b): low level and stable over time (subgroup aG2-LS; 54

Fig. 1. Glycemic subgroups in children. Panel a - G1 glucose trajectories in children: IS = intermediate stable level (n = 50), LS = low stable level (n = 44), HI =
high increasing level (n = 17). Panel b - G2 glucose trajectories in children: LS = low stable level (n = 54), ID = intermediate decreasing level (n = 34), LID = low
increasing then decreasing level (n = 15), HS = high stable level (n = 8).

Table 2
Relationship between the changes of FEV1 over time and glucose trajectories:
results of the linear mixed models.

Covariates RG coeff [95% CI] p value

Children - G1
FEV1 at baseline in girls aged 13 87.95 [83.10; 92.80]
Time since inclusion in glycemia cG1-LS a −1.10 [−2.64; 0.45] 0.17
Time since inclusion ∗ glycemia cG1-IS −0.41 [−2.54; 1.73] 0.71
Time since inclusion ∗ glycemia cG1-HI 0.03 [−2.89; 2.95] 0.98
Age at baseline a −0.37 [−1.8; 1.05] 0.61
Boys (vs. girls) −4.91 [−11.49; 1.67] 0.14

Children - G2
FEV1 at baseline in girls aged 13 88.05 [83.20; 92.90]
Time since inclusion in cG2-LS a −0.54 [−1.94; 0.85] 0.45
Time since inclusion ∗ glycemia cG2-ID −1.25 [−3.50; 1.00] 0.28
Time since inclusion ∗ glycemia cG2-LID −1.76 [−4.77; 1.25] 0.25
Time since inclusion ∗ glycemia cG2-HS −1.59 [−5.39; 2.22] 0.41
Age at baseline a −0.39 [−1.81; 1.04] 0.59
Boys (vs. girls) −5.07 [−11.64; 1.51] 0.13

Adults - G1
FEV1 at baseline in women at age 25 62.41 [56.42; 68.40]
Time since inclusion in aG1-LS a −0.85 [−1.54; −0.17] 0.01
Time since inclusion ∗ glycemia aG1-IS −0.32 [−1.42; 0.79] 0.57
Age at baseline a −1.09 [−1.67; −0.52] b0.01
Men (vs. women) −1.38 [−9.04; 6.28] 0.72

Adults - G2
FEV1 at baseline in women aged 25 63.15 [57.39; 68.91]
Time since inclusion in aG2_LS a −0.73 [−1.44; −0.02] 0.04
Time since inclusion ∗ glycemia aG2-LI −1.05 [−2.24; 0.14] 0.08
Time since inclusion ∗ glycemia aG2-ID 1.07 [−0.36; 2.50] 0.14
Time since inclusion ∗ glycemia aG2-HI −2.06 [−3.93; −0.18] 0.03
Age at baseline a −1.10 [−1.66; −0.53] b0.01
Men (vs. women) −2.16 [−9.70; 5.37] 0.57
a Per one year increment ∗ interaction - RG coeff: regression coefficient

[95% confidence interval] - trajectory descriptions: HI = high increasing -
HS = high stable - ID = intermediate decreasing - IS = intermediate stable -
LI = low increasing - LID = low increasing then decreasing - LS = low stable.
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participants: 21 women and 33 men), low level and increasing
over time (subgroup aG2-LI; 33 participants: 18 women and 15
men), intermediate level and decreasing over time (subgroup
aG2-ID; 20 participants: 8 women and 12 men), and high level
and increasing over time (subgroup aG2-HI; 10 participants: 5
women and 5 men).

Details on the adults within each glucose trajectory at
inclusion are given in Table 1. Among all age-, FEV1-, and
BMI-related comparisons between subgroups at inclusion, only
age showed a statistically significant difference between the
two G1 subgroups (p = 0.03).

3.5. FEV1 changes in adults according to the glucose
trajectories

After adjustment on sex and age at inclusion, the change
in FEV1 over time was estimated at −0.85% per year (95% CI:
[−1.54; −0.17]; p = 0.01) in subgroup aG1-LS (Table 2). The
changes in FEV1 over time were not significantly different vs.
subgroup aG1-IS (−0.37; 95% CI: [−1.42; 0.79]; p = 0.57).

In subgroup aG2-LS, the change in FEV1 over time
was estimated at −0.73% per year (95% CI: [−1.44; −0.02];
p = 0.04) (Table 2 and Supplementary Fig. 1). In subgroup
aG2-HI, the decrease was significantly faster: −2.06% per year
(95% CI: [−3.93; −0.18]; p = 0.03) (Table 2 and Supplementary
Fig. 1). In subgroup aG2-LI, the decrease was also faster but not
statistically significantly different (−1.05% per year; 95% CI: [−
2.24; 0.14]; p = 0.08). Interestingly, in subgroup aG2-ID, the
decrease of FEV1 was slower (+1.10% per year; 95%CI: [−0.36;
+2.50]; p = 0.14) but the difference with subgroup aG2-LS was
not statistically significant (Table 2 and Supplementary Fig. 1).

3.6. Insulin changes over time according to G2 trajectories

In aG2-LS subgroup, G1 insulin increased by 2.51 mIU/L
per year on average over the 3-year follow-up (p b 0.01)
(Supplementary Table 3). In aG2-LI, aG2-ID, and aG2-HI

subgroups, G1 insulin was stable over time: the differences in
the regression line slopes vs. aG2-LS subgroup were estimated
at −2.26 (p = 0.09), −2.92 (p = 0.07), and −2.59 mIU/L (p =
0.30), respectively.

In aG2-LS subgroup, G2 insulin was also stable over time:
the slope was estimated at −0.61 per year, which is not
significantly different from 0 (p = 0.45). In aG2-LI and aG2-HI
subgroups, G2 insulin increased over time: the differences in
slope vs. aG2-LS were estimated at 2.82 (p = 0.02) and 4.10
(p = 0.07), respectively. In aG2-ID subgroup, G2 insulin was
also stable over time (slope difference vs. aG2-LS estimated at
−0.06, p = 0.97).

4. Conclusions

This large CF cohort study was designed to evaluate glucose
and insulin changes over time and quantify the relationships
between glucose trajectories and changes in FEV1 using an
original statistical analysis. The study confirmed incidentally
the high variability of glucose tolerance status over the 3-year
follow-up period. However, most importantly, it found: i) no
link between glucose trajectories and FEV1 in children; ii) no
link between one-hour glucose trajectories and FEV1 in adults,
but iii) a significant decrease of FEV1 over time in adults of the
high and increasing two-hour glucose trajectory vs. adults with
low and stable 2-hour glucose trajectory.

The classical 2-hour OGTT thresholds used to diagnose
abnormal glucose tolerance in CF are called into question
because they are based on the risk of retinopathy in type 2
diabetes. One recent Canadian survey highlighted a new glucose
tolerance status called indeterminate glucose tolerance, INDET,
with normal G2 values b7.8 mmol/L but elevated G1 values
N11.0 mmol/L. This status seems to be associated with reduced
pulmonary function and may benefit from early treatment [11].
Concurrently, high plasma glucose levels at non-classical OGTT
times (other than 2 h) are common in CF. Brodsky and Coriati
[9,15] suggested that early G1 abnormalities may be associated

Fig. 2. Glycemic subgroups in adults. Panel a - G1 glucose trajectories in adults: LS = low stable level (n = 68), IS = intermediate stable level (n = 46). Panel b - G2
glucose trajectories in adults: LS = low stable level (n = 54), LI = low increasing level (n = 33), ID = intermediate decreasing level (n = 20), HI = high increasing
level (n = 10).
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with worsening of the pulmonary function and would be more
relevant than G2 abnormalities in identifying at-risk CF patients;
but longitudinal studies are still needed to confirm these results.
In the present study, no G1 subgroup had faster impairment of
FEV1 than another.

Despite the high prevalence of CFRD, especially in adult CF
patients, few studies have examined the natural changes in
glucose tolerance over time and their impact. The present study
confirmed the high variability of glucose tolerance over time
already mentioned by Sterescu et al. [5] and later demonstrated
by Scheuing et al. [6] on 4643 standardized OGTTs in 1128 CF
patients (the average within-patient coefficient of variation was
11.1% for fasting blood glucose and 25.3% for two-hour blood
glucose). This high variability and the fact that some patients
who belong to the “low and stable” trajectory group needed
insulin at some time point challenge the current idea that CFRD
occurs at the term of a process that progresses from normal
glucose tolerance to impaired glucose tolerance to CFRD. The
latter point requires further observations and discussions.

No significant differences in the decline of pulmonary
function were found between children G1 or G2 glucose
trajectory subgroups. This may be due to the relative shortness
of the follow-up period and the small sample sizes; in fact, FEV1
may remain generally stable over a few years, particularly in
children.

In adults, the high and increasing two-hour glucose trajectory
subgroup showed faster decrease in FEV1 than other G2
subgroups (the rate of decrease in this subgroup was statistically
significantly different from the rate seen in other G2 subgroups).
This result should be considered with caution because the faster
decrease in this subgroup may be explained by the presence of
insulin-treated patients.

The nutritional status remained stable over time, which may
be explained by better nutritional care in patients with known
glucose abnormalities. In fact, better medical support in children
and adults may have participated to the near absence of FEV1 or
BMI decline given that, in our experience, CF patients showed
better health conditions circa 2010 than circa 2000.

Considering insulin and G2 trajectories in adults, one
hypothesis is that G1 insulin level may be a good indicator of
insulin secretion and insulin reserve whereas G2 insulin
increase in high and increasing G2 subgroup may be explained
by a delay in insulin secretion due to insulinopenia.

One strength of the present study is the use of KmL to model
the changes in OGTT results over time and generate glucose
trajectories. This method allowed identifying typical G1 and
G2 trajectories without using the OGTT traditional (and
arbitrary) thresholds for subject classification. Given the
variability of glucose levels in CF patients, it seems important
to assess the effect on FEV1 of a given pattern of change in
glucose level over a follow-up period instead of the effect of an
occasional measurement. Thus, continuous glucose monitoring
could be a very useful tool for CF patient surveillance [16].

The present study admits some limitations. The first is the
small sample sizes of high glucose trajectory subgroups in
children and adults. Another is the relatively short duration of
follow-up that may explain the absence of significant FEV1

decline, especially in children. However, three years is one of
the longest homogeneous follow-ups in the field of CF.
Furthermore, the absence of detailed nutritional data and the
non-use of a criterion for insulin sensitivity (such as the Insulin
Sensitivity Index of Matsuda) [17] may have limited the field of
interpretation of the present results.

In summary, glucose tolerance is highly variable over time
in both adolescent and adult CF patients. Patterns of glucose
changes over time (or typical glucose trajectories) were
explored and characterized. In this study, the only trajectory
associated with a significant FEV1 decline was a high level and
increasing over time two-hour glucose value. This supports our
opinion and what is already clinically done, that persistent
rather than isolated G2 abnormalities are associated with
patient's condition deterioration. This situation needs increased
surveillance and discussion of insulin initiation.

More generally, we would recommend giving more
importance to regular OGTTs over long periods (say, two or
three years) with recurring glucose abnormalities, than to
occasional tests with isolated glucose abnormalities. If the
trajectories we observed are further confirmed over even longer
periods and if specific trajectories are shown to correlate with
future development of CFRD, these findings will surely lead to
preventive measure and changes in the current treatment
protocols of patients with specific profiles. The hypothesis of
a link between environmental and genetic factors and
prediction of CFRD onset will have to be investigated.

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jcf.2017.09.010.
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In the last decade, life expectancy of patients with cystic fibrosis (CF) has significantly improved. While the 
median life expectancy was 10 years of age in the 1960’s, it is now estimated to greater than 50 years both in 
Canada and France1,2. However, along with this better life expectancy, new complications have emerged. 
Abnormalities in glycemic status and CF-related diabetes (CFRD) have become the main complications after 
respiratory disease and exocrine pancreatic insufficiency3.

The prevalence of CFRD increases with age, affecting around 50% of adult CF patients. In adult patients with-
out CFRD, the prevalence of abnormal glucose tolerance is 35%4. A progressive loss of beta cell mass with a direct 
effect from CFTR-mutation and a possible contributory role of insulin resistance lead to abnormal glucose levels 
and development of CFRD5–8. Because of the insidious onset of CFRD and the fact that standard simple screening 
tests are less reliable for CF patients (e.g. fasting glucose, glycosylated hemoglobin, etc.)9, annual screening for 
CFRD is recommended starting at ten years of age, using the 2-h Oral Glucose Tolerance Test (OGTT)10. CFRD 
is still associated with increased mortality despite the progressive improvement in screening and management11.

Pierre Bénite, France. Université de Lyon, Équipe d’Accueil Health Services and Performance Research (HESPER) 
Montreal Clinical Research Institute, Québec, Canada. Université de Montréal, 

Département de nutrition et de Médecine, Montréal, Québec, Canada. Hospices Civils de Lyon, Pôle de Santé 
Université de Lyon, Équipe d’Accueil Health Services and Performance Research 

Pierre Bénite, France. Cystic 

Boudreau contribution equally. Correspondence and requests for materials should be addressed to Q.R. (email: 
)

Received: 4 June 2018

Accepted: 4 February 2019

Published: xx xx xxxx



2SCIENTIFIC REPORTS |          (2019) 9:4763  | 

www.nature.com/scientificreportswww.nature.com/scientificreports/

Studies have compared demographic data of European and North American CF children patients using CF 
registries12,13, suggesting differences in demographic data (height and weight) between populations. No data are 
available regarding difference in CFRD prevalence between Europe and North America except data from annual 
registry reports14. Furthermore, registry data concerning specific comorbidities like CFRD are not homogene-
ously collected, and most of the time registries do not collect data about other glucose metabolic abnormalitites. 
It is thus possible that both prevalence of CFRD and its impact on clinical CF condition differ between these two 
populations. The consequences of different glucose tolerance profiles on respiratory function have not been evalu-
ated in large cohorts and over long periods. Similarly, the potential role of insulin deficiency and insulin resistance 
have not been described and compared in large cohorts15–17.

The objective of this study was to compare the following parameters between the Canadian and French 
cohorts: (1) clinical characteristics, (2) glucose and insulin values as well as CFRD incidence and (3) evolution of 
pulmonary function over a 4-year follow-up period.

Data were obtained from the Montreal Cystic fibrosis Cohort (MCFC) for Canada and 
from the Lyon Cystic Fibrosis Cohort (DIAMUCO) for France. Both research cohorts are investigating mecha-
nisms of glucose intolerance as well as associations between glucose intolerance and clinical outcomes in adult 
patients with CF. The Montreal Cystic Fibrosis Cohort was established in 2004 and all available data at inclusion 
from patients included between 2004 to 2016 were considered for this analysis. The DIAMUCO Cohort was 
established in 2009 and all available data at inlusion from patients included between 2009 to 2012 were considered 
for this analysis. All available follow-up pulmonary function data were included in both cohorts over a 4-year 
period.

Informed consents have been obtained for all subjects included. The institutional review board of each partic-
ipating hospital and research ethics board authorized the cohorts in accordance with the current ethical stand-
ards (Comité de Protection des Personnes in France, Comité d’éthique de la recherche in Canada), as well as the 
French data Protection Agency for DIAMUCO Cohort (Comission Nationale de l’Informatique et des Libertés 
CNIL).

For both cohorts, all adult patients (>18 years) with CF, pancreatic insufficiency and no previous history of 
treated CFRD were included. Patients who received a de novo CFRD diagnosis during recruitment were however 
included. Main exclusion criteria were pancreatic sufficiency and previous pulmonary transplantation. In patients 
with ongoing pregnancy, pulmonary exacerbation or current treatment with medication known to interfere with 
glucose metabolism (e.g. high dose oral steroids and enteral tube feeding), OGTT was delayed upon resolu-
tion of this temporary exclusion factor. OGTT results were accepted in patients taking stable, long-term (≥1 
year) low-dose oral corticosteroids (maximal dose of 10 mg prednisone per day). At the time of the OGTT, all 
patients were clinically stable with no recent (<1 month) pulmonary exacerbation or symptoms of acute infec-
tion. Included patients represent around 80% of all patients with CF followed at our respective clinics.

In both cohorts, a harmonized data collection process was used to extract 
required information from medical charts at inclusion. This included age, sex, CF related genotype, chronic bac-
teriological colonization and number of intravenous antibiotics courses in the previous year. Chronic bacterio-
logical colonization was defined as follow: 50% or more of samples being positive for a specific bacteria in the 
preceding 12 months18. Other data such as BMI, FEV1, glycosylated hemoglobin (HbA1c) were also collected 
at inclusion and then between 12 and 18 months during a 4-year follow-up for FEV1. BMI was calculated using 
weight in kilograms divided by height in square meter (kg/m2). Pulmonary function was measured by spirom-
etry using the forced expiratory volume in 1 second in L (FEV1) using Hankinson 1999 formula for FEV1(%)19. 
HbA1c was measured using HPLC automate variant II (Biorad) in France, and immunotubidimeter (Bayer 
Health Care diagnosis) in Canada. Both HbA1c are aligned with international standards.

OGTT was realized at the inclusion in both cohorts and was carried 
out after an overnight fast. Patients were given glucose (1.75 g per kg bodyweight, maximum 75 g) then plasma 
glucose was measured at start (G0), 1 hour (G1) and 2 hour (G2)20. Patients diagnosed with de novo CFRD under-
went within 2 months a second OGTT to confirm the diagnosis. Plasma insulin was also measured at start (I0), 
1 hour (I1) and 2 hour (I2) by immunoradiometric assay (BI-INS-IRMA, Cisbio Bioassays, France) and measures 
were centralized in Quebec, to obtain comparable values.

Depending on the results of the OGTT at inclusion, patients were classified into different subgroups of glu-
cose tolerance according to international guidelines10: Normal Glucose Tolerance (NGT) (G0 ≤ 7.0 mmol/L and 
G2 ≤ 7.7 mmol/L), Abnormal Glucose Tolerance (AGT) defined as having either indeterminate glucose toler-
ance (INDET) (G0 ≤ 7.0 mmol/L and G2 ≤ 7.7 mmol/L, but G1 ≥ 11.1 mmol/L) or impaired glucose tolerance 
(IGT) (G0 ≤ 7.0 mmol/L and G2 > 7.7 mmol/L but <11.1 mmol/L) or de novo CFRD (G0 > 7.0 mmol/L or 
G2 ≥ 11.1 mmol/L).

Values are expressed as median (interquartile range [IQR]) or percentage, as appro-
priate. Demographic and clinical data, insulin and glucose values from both cohorts were compared at inclusion 
of patients of each cohort, using non parametric tests (Chi2 or Mann-Whitney tests, as appropriate). Subgroups 
analyses determined by glucose tolerance subgroup classification were then performed to compare clinical status, 
glucose and insulin values of both cohorts using non parametric tests (Chi2 or Mann-Whitney tests, as appro-
priate). Correlation analysis between BMI and pulmonary function (FEV1), AUC glycemia and AUC insulin 
were made with Spearman’s correlation. A linear mixed regression model with random intercept and random 
slope was fitted to assess the effect of glucose tolerance subgroup at entry in the cohort on the mean slope of 
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FEV1 change over 4 years. Effect of glucose tolerance subgroup was controlled for the cohort and age. Interaction 
between covariates (cohort, NGT and AGT) and time were tested to characterize differences in longitudinal rates 
of change. The relationship between FEV1 decline and CFRD subgroup (56 patients) was not analyzed due to the 
small sample size and no available clinical data in the canadian group since confirmed de novo CFRD patients are 
excluded from the cohort after diagnosis.

Analyses were performed using SPSS software (version 24 by IBM, Chicago, USA) and SAS® software (version 
9.4, SAS® Institute Inc., Cary, NC, USA). Area under the curve (AUC) for glucose and insulin was calculated 
using the software GraphPad Prism (GraphPad Software Inc; CA, USA). A probability value ≤ 0.05 was consid-
ered as statistically significant.

Results
Data of 224 Canadian and 147 French patients were included (See Table 1). 

Demographic and clinical data are detailed in Table 1. No difference of sex ratio, proportion of F508del homozy-
gous patients and age was observed between the 2 cohorts. The clinical status of Canadian group was better with 
higher BMI (median in kg/m2 [IQR]) 21.1 [19.5–22.8] vs. 19.9 [18.4–21.4], p < 0.001 and higher FEV1 (median in 
% [IQR]) 71.0 [55.0–82.0] vs. 64.0 [40.0–78.0], p < 0.001. Accordingly, a higher proportion of patients with mild 
to normal predicted FEV1 (>70%) was observed in Canadians cohort (51.3% vs. 38.1%, p = 0.012). The propor-
tion of patients colonized with Pseudomonas aeruginosa (PA), Burkholderia cepacia, and Aspergillus was not sta-
tistically different between both cohorts. There was a higher proportion of patients colonized with Staphylococcus 
aureus (SA) in the French cohort (70.1% vs. 55.8%, p < 0.006). The number of intravenous antibiotics courses in 
the year preceding the OGTT was not statistically different between the 2 groups.

The incidence of de novo CFRD diagnosis was higher in the Canadian population (19.2% vs. 9.8%, p = 0.003). 
Canadian cohort displayed a lower proportion of patients with normal glucose tolerance (36.6% vs. 53.4%, 
p = 0.003). Both fasting (G0) and 2-hours (G2) OGTT values (median in mmol/L [IQR]) were higher in the 
Canadian cohort: 5.4 [5.0–5.9] vs 4.8 [4.5–5.1], p < 0.001 for G0; 7.6 [5.8–9.7] vs. 6.5 [5.2–8.5], p = 0.001 for 
G2. The AUC OGTT curve for glucose values is higher in Canadian patients (p < 0.001). However, there was no 
statistical difference in HbA1c values between the two groups. Regarding insulin values (median μU/dl [IQR]) 
in Canadian compared to French patients, fasting (I0) and I2 values were higher in the Canadian cohort: 3.8 
[2.3–5.7] vs. 3.2 [2.2–5.0], p = 0.031 for I0; and 27.4 [16.6–42.3] vs. 18.1 [11.0–33.0], p < 0.001 for I2. For the 
entire OGTT test area under the curve for insulin values is higher in Canadian patients (p < 0.001).

Subgroup analyses 
determined by glucose tolerance subgroup classification were performed (Table 2). Fourteen French patients were 
excluded from the analyses because data for either G1 or G2 were not available and their data did not allow classi-
fication into glucose tolerance subgroups. %FEV1 (median in % [IQR]) was higher for Canadian patients for the 
NGT group compared to NGT French patients: 72.0 [56.0–86.0] vs. 64.0[38.0–80.0], p = 0.006, while no difference 
was observed for %FEV1 between Canada and France for the AGT and CFRD groups. BMI (median in kg/m2 
[IQR]) was also significantly higher for NGT and AGT Canadian patients compared to the French patients: 20.8 
[19.5–22.7] vs. 20.2 [18.4–21.4], p = 0.010 for NGT and 21.1 [19.5–23.1] vs. 19.8 [18.5–21.6], p = 0.002 for AGT.

Glucose values according to glucose tolerance group. For each glucose tolerance category (see Table 2), Canadian 
patients displayed higher G0 median values and higher glucose median AUC as compared to French patients: 
p < 0.001 and p = 0.005 in NGT group, p < 0.001 and p < 0.001 in AGT group, and p = 0.005 and p = 0.006 in 
CFRD group.

Insulin values according to glucose tolerance group. NGT and AGT Canadian patients displayed higher insulin 
median AUC than French patients (p < 0.001 and p = 0.040), but this difference no longer exists for patients with 
de novo CFRD, p = 0.278 (see Table 2).

Insulin sensitivity (Stumvoll index) was higher for NGT French patients (p = 0.039) compared to Canadian 
NGT patients, but no difference was observed in the 2 other subgroups. Insulin resistance (HOMA-IR) was 
higher for Canadian NGT and AGT patients (p = 0.004 and p = 0.048) compared to French patients.

Despite higher level of insulin values for Canadian patients, the trends of the curve of insulin profile is similar 
for both Canadian and French NGT and AGT patients. Patients of both cohorts with NGT present a plasma insu-
lin rise during the first hour of the OGTT (Fig. 1a), followed by moderated reduction at 2-h when glucose levels 
are trending downward. For all AGT patients, a similar insulin profile as for NGT-patients is observed for the 1st 
hour of the OGTT (Fig. 1b), but then insulin levels remain high at the second hour. For CFRD patients (Fig. 1c), 
if insulin values are similar at the end of the test for both cohorts, it is slightly higher in Canadian patients at 1-h. 
However, the 1 h insulin peak observed in NGT and AGT patients is reduced by approximatively 30% for CFRD 
patients. Insulin values keep rising during the second hour of the test for Canadian and French CFRD patients.

Insulin sensitivity and resistance and correlation analysis between BMI and pulmonary function, and between 
glycemic and clinical parameters in the global cohort. We observe higher insulin sensitivity during the OGTT 
using the Stumvoll index (median [IQR]) in NGT patients 0.111 [0.102–0.119] vs. both AGT 0.093 [0.085–0.104] 
and CFRD 0.059 [0.047–0.071] groups and in AGT patients 0.093 [0.085–0.104] vs. CFRD 0.059 [0.047–0.071] 
(p < 0.001). For fasting insulin resistance (HOMA-IR, median [IQR]), it is higher in CFRD 1.15 [0.71–1.45] than 
in NGT 0.76 [0.47–1.16] and AGT patients 0.82 [0.51–1.22] (p = 0.013).

After controlling for cohort, we observed a significant positive correlation (Fig. 2) between BMI and pul-
monary function (FEV1) for all glucose tolerance groups (respectively p < 0.001, p = 0.001, p < 0.001 for NGT, 
AGT and CFRD). No significant correlation was observed for all subgroups between BMI and AUC glycemia. 
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Concerning BMI and AUC insulin, a significant correlation was observed in NGT subgroup (p = 0.004) but not 
in AGT and CFRD patients. No significant correlation between pulmonary function (FEV1) and AUC glycemia 
were observed for all glucose tolerance groups (data not shown).

FEV1 evolution during follow-up according to glucose tolerance subgroup. FEV1 measurements during the 4-year 
follow-up period were obtained in 301 patients (81% of overall cohort: 181 French and 120 Canadian). No inter-
action for glucose tolerance subgroup with time were observed, indicating that the longitudinal changes in FEV1 
were not different between NGT and AGT groups (difference in mean annual FEV1 change in NGT compared 
to AGT group (0.4% 95% CI [−0.5–1.3], p = 0.375). However in all glucose tolerance subgroup a significant dif-
ference in mean change in FEV1 per year was observed when French and Canadian patients were compared with 
Canadian patients having a slower mean annual decline of their FEV1 (difference in mean annual FEV1 change 
0.89%, 95% CI [0.0;1.77], p = 0.049), Fig. 3.

Discussion
To our knowledge, this is the first study that compares the incidence of glucose abnormalities in adult patients 
with CF, in two large cohorts and their association with clinical status. Despite higher glucose levels and incidence 
of de novo CFRD, Canadian CF patients secrete more insulin and have a better pulmonary and nutritional status 
according to their FEV1 and BMI than French patients. To explore the mechanisms of these differences, we con-
ducted correlation analyses but we observed no correlation between BMI and glycemia AUC. Canadian patients 
also have slower annual decrease of their FEV1 than French patients during follow-up. No significant difference 
was observed for pulmonary function change over time between AGT and NGT patients. These observations 
challenge the concept of a possible causal role of hyperglycemia and/or hypoinsulinemia favouring clinical status 
(BMI and/or FEV1) degradation.

In the context of a well-established limited insulin secretion in adult CF patients21,22, three key factors could 
contribute to the development of hyperglycemia: progression of insulin secretory deficiency, higher insulin 
resistance or higher insulin requirements22,23. In Canadian patients, we observe higher insulin secretory capacity, 
higher estimated insulin resistance but also higher CFRD incidence. Recently, insulin resistance variations has 

Canada France
p valueN = 224 N = 147

Gender: woman, % 42.0 43.5 0.764*
Age in year, median (IQR) 22.0 (19.0–28.0) 22.5 (19.0–28.7) 0.831
∆F508 homozygous, % 57.9 55.1 0.818*
%FEV1, median (IQR) 71.0 (55.0–82.0) 64.0 (40.0–78.0) 0.001
%FEV1 > 70%, % 51.3 38.1 0.012*
BMI in kg/m2, median (IQR) 21.1 (19.5–22.8) 19.9 (18.4–21.4) <0.001
Colonized with P. Aeruginosa, % 74.5 67.3 0.155*
Colonized with B. Cepacia, % 2.8 2.7 0.968*
Colonized with S. Aureus, % 55.8 70.1 0.006*
Colonized with Aspergillus, % 42.3 33.3 0.084
Patients requiring IV antibiotics in the year prior the OGTT, % 41.1 49.0 0.238*
Glycemia G0 in mmol/L, median (IQR) 5.4 (5.0–5.9) 4.8 (4.5–5.1) <0.001
Glycemia G2 in mmol/L, median (IQR) 7.6 (5.8–9.7) 6.5 (5.2–8.5) 0.001
AUC Glycemia (G0, G1, G2), median (IQR) 1059.5 (914.9–1239.0) 913.5 (761.2–1043.2) <0.001
NGT, % 36.6 53.4 0.003*
INDET, % 16.5 9.0
IGT, % 27.7 27.8
De novo CFRD, % 19.2 9.8
HbA1c in %, median (IQR) 5.8 (5.5–6.1) 5.7 (5.5–6.0) 0.825
Insulin I0 in μU/dl, median (IQR) 3.8 (2.3–5.7) 3.2 (2.2–5.0) 0.031
Insulin I2 in μU/dl, median (IQR) 27.4 (16.6–42.3) 18.1 (11.0–33.0) <0.001
AUC Insulin (I0, I1, I2), median (IQR) 2530.0 (1837.0–3649.0) 1974.0 (1302.0–2910.0) <0.001
Stumvoll Index, median (IQR) 0.096 (0.078–0.111) 0.103 (0.088–0.116) <0.001
HOMA-IR, median (IQR) 0.93 (0.55–1.39) 0.68 (0.47–1.07) <0.001

Table 1. Comparison of demographic characteristics and clinical data at inclusion of the Canadian and French 
patients. Bold values represent significant differences. Abbreviations: AGT: Abnormal glucose tolerance (INDET: 
indeterminate glucose tolerance + IGT: impaired glucose tolerance), AUC: area under the curve, BMI: body 
mass index, CFRD: cystic fibrosis-related diabetes, CRP: C reactive protein, FEV1: predicted forced expiratory 
volume in 1 second, G0: plasma glucose measured at start of OGTT, G2: plasma glucose measured at 2 hours 
of OGTT, HbA1c: glycated hemoglobin, HOMA-IR: Homeostasis model assessment of insulin resistance, IV 
antibiotics: number of days of intravenous antibiotics in the year of OGTT, NGT: normal glucose tolerance, P. 
Aeruginosa: Pseudomonas aeruginosa, S. Aureus: Staphylococcus aureus, *: p value was determined by chi2.
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emerged as a possible contributor to hyperglycemia for patients with CF8,24. Higher BMI could contribute to 
higher insulin resistance in Canadian patients25,26. As insulin is an anabolic hormone, as long as a certain degree 
of insulin secretion is preserved, this could allow a higher BMI27. Indeed, when insulin secretion further deteri-
orates leading to de novo CFRD, both cohorts do not present anymore differences for BMI and insulin secretion. 
The frequency of exacerbations which is a good marker of respiratory function stability does not seem to be impli-
cated in observed insulin resistance differences as the number of antibiotic courses is similar in both cohorts. It 
is also possible that insulin secretion itself might explain clinical differences between cohorts rather than blood 
glucose. A higher insulin secretion level might allow to reach and/or maintain a higher weight28. In a context of 
a limited insulin secretion capacity, hyperglycemia could also play a role by favoring pulmonary exacerbations29 
and promoting oxidative stress30. Both higher insulin as well as lower glucose values can thus contribute to better 
lung function.

In contrast to previous reports, our results highlight that despite higher glucose values, Canadian CF patients 
have better pulmonary function and BMI. Despite these higher glucose values, Canadian patients also presented 
a slower annual FEV1 decline. When both cohorts are combined and the pulmonary evolution of patients with 
AGT is compared to patients with NGT, there is no difference in annual FEV1 decline. Various factors not related 

NGT AGT (INDET + IGT) De Novo CFRD
Canada France P value Canada France P value Canada France P value

n 82 71 99 49 43 13

Age in year, median (IQR) 22.0  
(20.0–25.0)

24.0  
(19.0–31.0) 0.063 22.0  

(19.0–27.0)
22.0  
(19.0–26.0) 0.591 25.0  

(20.0–30.0)
27.0  
(20.0.−37.0) 0.736

%FEV1, median (IQR) 72.0  
(56.0–86.0)

64.0  
(38.0–80.0) 0.006 73.0  

(54.7–82.0)
65.0  
(42.5–81.5) 0.143 61.0  

(51.0–79.0)
51.0  
(42.5–67.0) 0.098

%FEV1 > 70%, % 53.6 39.4 0.079* 56.1 42.8 0.129* 35.7 23.1 0.396*

BMI in kg/m2, median (IQR) 20.8  
(19.5–22.7)

20.2  
(18.4–21.4) 0.010 21.1  

(19.5–23.1)
19.8  
(18.5–21.6) 0.002 21.1  

(19.3–22.9)
20.2  
(18.8–21.1) 0.178

HbA1c in %, median (IQR) 5.7  
(5.3–5.9)

5.7  
(5.5–6.0) 0.325 5.7  

(5.5–6.0)
5.8  
(5.5–6.0) 0.759 6.1  

(5.8–6.9)
6.3  
(5.6–6.7) 0.796

G0 in mmol/L, median (IQR) 5.2  
(4.9–5.5)

4.7  
(4.4–5.0) <0.001 5.4  

(5.0–5.8)
4.8  
(4.5–5.2) <0.001 6.3  

(5.4–7.4)
5.0  
(4.7–6.3) 0.005

G2 in mmol/L, median (IQR) 5.6  
(4.8–6.7)

5.4  
(4.6–6.5) 0.234 8.3  

(6.8–9.5)
8.3  
(7.6–9.2) 0.851 13.6  

(11.5–16.7)
13.0  
(12.3–14.2) 0.437

AUC Glycemia (G0, G1, G2), median (IQR) 881  
(783–943)

834  
(735–918) 0.005 1105  

(1041–1212)
1026  
(951–1122) <0.001 1513  

(1342–1776)
1293  
(1212–1447) 0.006

AUC Insulin (I0, I1, I2), median (IQR) 2483  
(1906–3768)

1866  
(1257–2649) <0.001 2652  

(2022–3678)
2283  
(1318–3247) 0.040 2008  

(1520–3255)
1833  
(1083–2856) 0.278

Stumvoll index, median (IQR) 0.110  
(0.099–0.117)

0.114  
(0.103–0.121) 0.039 0.093  

(0.085–0.105)
0.092  
(0.087–0.104) 0.735 0.060  

(0.048–0.071)
0.065  
(0.050–0.074) 0.432

HOMA-IR, median (IQR) 0.88  
(0.53–1.40)

0.64  
(0.39–1.04) 0.004 0.91  

(0.54–1.32)
0.65  
(0.49–1.04) 0.048 1.17  

(0.69–1.49)
1.00  
(0.53–1.32) 0.331

Table 2. Comparison between glucose tolerance groups of the Canadian and French patients. Bold values 
represent significant differences. Abbreviations: AGT: Abnormal glucose tolerance (INDET: indeterminate 
glucose tolerance + IGT: impaired glucose tolerance), AUC: area under the curve, BMI: body mass index, 
CFRD: cystic fibrosis-related diabetes, CRP: C reactive protein,FEV1: predicted forced expiratory volume 
in 1 second, HbA1c: glycated hemoglobin, HOMA-IR: Homeostasis model assessment of insulin resistance, 
NGT: normal glucose tolerance. Mann-Whitney analysis were performed except for p value with * that were 
determined by chi2.

Figure 1. Insulin secretion (μU/dl) at start, 1-h and 2-h of the OGTT for. (a) NGT, (b) AGT and (c) CFRD 
patients according to their respective cohorts: black dot (•) for Canadian patients and black square (◼) for 
French patients. Values are presented as mean ± SEM. Abbreviations: AGT: abnormal glucose tolerance, CA: 
Canadian patients, CFRD: cystic fibrosis-related diabetes, FR: French patients, NGT: normal glucose tolerance.
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to cystic fibrosis can also explain this observation. Among them, the role of genetic factors other than CFTR 
mutations may explain the observed differences between these two cohorts (modifier genes). In the present study, 
the distribution for F508del CFTR mutation proportions is similar between the two cohorts but it is now well 
established that other mutations are associated, for some of them, with lung disease severity and for others, with 
diabetes susceptibility31,32. This emerging important factor may also have a role in observed glucose and BMI 
differences. For example, some mutations in genes involved in a higher risk for type 2 diabetes (e.g. TCF7L2) are 
also associated with a higher and earlier CFRD prevalence32. Further investigations need to be done to compare 
modifier genes between the 2 cohorts. Secondly, despite comparable nutritional and clinical recommendations 
for CF care as well as health care systems (universal access) between the 2 cohorts, other factors can still influence 
glucose values as well as the nutritional status of CF-patients. For example, differences in qualitative and quanti-
tative nutritional intake could impact both glucose tolerance and BMI. Unfortunately, nutritional intake was not 
assessed in the present study. If done in the future, such assessment could be limited by the precision of available 
tools (e.g. food journals, 24-hour dietary recall, etc.) as well as the fact that most tools are country specific thus 

Figure 2. Spearman’s correlation for (a) BMI and FEV1in NGT patients (b) BMI and FEV1 in AGT patients 
and (c) BMI and FEV1 in CFRD patients (d) BMI and AUC glucose in NGT patients (e) BMI and AUC glucose 
in AGT patients (f) BMI and AUC glucose in CFRD patients (g) BMI and AUC insulin in NGT patients (h) BMI 
and AUC insulin in AGT patients (i) BMI and AUC insulin in CFRD patients. Blue diamond: Canadian cohort 
and Red square: French cohort.
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Figure 3. Mean FEV1 change in FEV1 according to glucose tolerance subgroup and cohort. Values are 
presented as mean ± SEM. Abbreviations: AGT: abnormal glucose tolerance, CA: Canadian patients, FR: 
French patients, NGT: normal glucose tolerance.
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limiting the ability to compare different populations33. In addition, despite merging two large and well character-
ized cohorts, the sample size of some subgroups, such as de novo CFRD, remains small thus limiting our ability 
to explore some differences.

In order to interpret our results, the potential mechanisms of higher BMI in Canadian patients should be 
explored. Key factors involved in energy balance and nutritional intake, absorption and energy expenditure 
(physical activity, energy demand related to CF exacerbations, etc.) should be evaluated. Nutritional recommen-
dations are similar in North America and Europe with a recommended energy intake range from 120 to 150% of 
energy needs for the healthy population of similar age, sex and size. Patients included in both countries are also 
exposed to similar pancreatic enzyme replacement therapy (PERT) protocol, starting at 500 U lipase/kg/meal to 
a maximal dose of 1000–2500 U lipase/kg/meal which should lead to similar nutrient absorption capacity. Thus 
the two cohorts should be exposed to similar quantitative nutritional intake and absorption. The frequency of 
exacerbations necessitating intravenous antibiotics does not seem to play a role on BMI values as the number 
of antibiotics course is similar in both cohorts. International guidelines for antibiotic use in CF are worldwide 
applied and this may contribute to the very close use of antibiotics in Canadian and French cohorts. However, 
chronic higher caloric intake and/or differences in physical activity may still be important factors in explaining 
the differences and may play a role in the higher BMI of Canadian patients. In addition, backgroud population 
differences in diabetes and obesity, which are both higher in Canada compared to France34–37, could also explain 
the disparities between French and Canadians independently of CF status. As previously reported herein, there 
is a positive correlation between BMI and FEV1 which could explain the higher FEV1 observed in Canadian 
patients as well as their lower mean annual FEV1 decline.

Observed association and differences do not imply causality and despite our careful assessement of two large 
and well characterized cohorts important underlying mechanistic factors were not measured in that study.

In conclusion, Canadian patients present a better clinical status (higher BMI, insulin secretion and FEV1) 
than French patients, but unexpectedly they also present a higher incidence of glucose abnormalities. In addition, 
patients in the abnormal glucose tolerance group do not have worse mean FEV1 decline over observed time than 
patients with normal glucose tolerance. To better understand the complex interplay between glucose tolerance 
and clincal status (BMI and/or FEV1) of adult patients with CF, further investigations should focus on potential 
underlying factors that may play a role in the observed differences.
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Abstract

Introduction. With increasing life expectancy, more women with cystic fibrosis

and diabetes mellitus become pregnant. We investigated how pre-gestational

diabetes (cystic fibrosis-related diabetes) influenced pregnancy outcome and

the clinical status of these women. Material and methods. We analyzed all

pregnancies reported to the French cystic fibrosis registry between 2001 and

2012, and compared forced expiratory volume (FEV1) and body mass index

before and after pregnancy in women with and without pre-gestational

diabetes having a first delivery. Results. A total 249 women delivered 314

infants. Among these, 189 women had a first delivery and 29 of these had pre-

gestational diabetes. There was a trend towards a higher rate of assisted

conception among diabetic women (53.8%) than non-diabetic women (34.5%,

p = 0.06), and the rate of cesarean section was significantly higher in diabetic

women (48% vs. 21.4%, p = 0.005). The rate of preterm birth and mean infant

birthweight did not differ significantly between diabetic and non-diabetic

women. Forced expiratory volume before pregnancy was significantly lower in

the diabetic group. The decline in forced expiratory volume and body mass

index following pregnancy did not differ between the women with and those

without pre-gestational diabetes. Conclusion. Pre-gestational diabetes in women

with cystic fibrosis is associated with a higher rate of cesarean section but does

not seem to have a clinically significant impact on fetal growth or preterm

delivery. The changes in maternal pulmonary and nutritional status following

pregnancy in women with cystic fibrosis were not influenced by pre-gestational

diabetes.

Abbreviations: BMI, body mass index; CF, cystic fibrosis; CFRD, cystic fibrosis-

related diabetes; FEV1, forced expiratory volume in one-second.

Introduction

There have been substantial advances in care for individ-

uals with cystic fibrosis (CF). Women with CF are now

likely to survive into adulthood [the median predicted

survival is around 40 years in Europe (1)] and therefore

young women with CF have typical expectations for their

reproductive health. The number of pregnancies in these

women has consequently increased in most countries (2),
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and pregnancy is no longer considered to have a negative

impact on survival of CF women (3–6). Increased life

expectancy has, however, also led to diabetes becoming a

common complication in CF, affecting up to half of those

aged 30 years and older (7). Diabetes in CF is considered

a risk factor for clinical degradation and it is associated

with more severe pulmonary disease, more frequent pul-

monary exacerbations, and poorer nutritional status (7).

Most authors who have investigated pregnancies in CF

have done so by comparing pregnant and non-pregnant

CF women without taking into account known risk fac-

tors for poorer outcomes in such patients (3–6,8–11). It
is also of note that CF women have an increased likeli-

hood of receiving treatment for diabetes both during and

after pregnancy (12), which could be related to the over-

all improvement in survival of young CF women. How-

ever, the specific risk to pregnancies and maternal health

status associated with pre-pregnancy cystic fibrosis-

related diabetes (CFRD) has not been established. The

aim of the present study was therefore to compare preg-

nancy outcome and clinical decline in CF women having

a first pregnancy leading to birth included in the French

CF registry according to their diabetic status before preg-

nancy.

Material and methods

Study population and setting

A multicenter observational study was conducted using

data from the French CF registry in which pregnancies in

CF women attending one of the 49 French CF care cen-

ters are recorded.

We included all pregnancies registered between 1 Jan-

uary 2001 and 31 December 2012 irrespective of preg-

nancy outcome (miscarriages, induced abortion for

medical reasons, voluntary interruption). Pregnancies in

women who had received a pulmonary transplantation

before pregnancy were excluded.

For comparison between diabetic and non-diabetic

women, we analyzed only those with a first pregnancy

leading to birth between 1 January 2001 and 31 Decem-

ber 2012, and with a two-year follow up after delivery

without a second pregnancy. We considered for each

woman a study period of four consecutive years

starting the year before pregnancy until two years after

pregnancy; the maximum observational study period was

therefore the years 2000–014.

Collected data from the French CF registry

Data in the French CF registry is completed annually

for each patient. Data extracted for the present study

included forced expiratory volume in one-second (FEV1)

(best value of the year) and body mass index (BMI;

value measured at the time of best FEV1), assisted con-

ception, mode of delivery (vaginal or cesarean section),

and prematurity, as well as newborn birthweight and CF

status. The outcome of pregnancy was defined as pre-

term birth in case of birth before 37 weeks’ gestational

age.

Outcome measures

Cystic fibrosis women were categorized according to their

diabetic status before pregnancy. The outcome measures

were rate of FEV1 and BMI decline during the follow-up

period. The FEV1 and BMI values used were those annu-

ally collected in the registry. Analyses compared CF

women with pre-pregnancy diabetes to CF women with-

out pre-pregnancy diabetes.

Statistical analyses

Descriptive data are presented as median with range and

number of available data. For comparisons between

groups, the Chi-square or Fisher’s test was used, includ-

ing Wilcoxon’s test for quantitative variables. Variations

in the FEV1 and BMI observed during follow up in each

group were also compared. To assess the potential effect

of diabetes on FEV1 and BMI, a linear regression was

used to estimate the rate of change in FEV1 and BMI

decline during the four-year period of follow up. The

Wilcoxon test was used to compare the median rate of

FEV1 and BMI decline. All analyses were performed using

SAS software version 9.3 (SAS Institute; Cary, NC, USA).

All p-values reported are two-tailed; values <0.05 were

considered statistically significant.

Ethical approval

According to the current French legislation, demographic

and clinical data were extracted from the French CF reg-

istry with permission from the institutional review board

(CCTIRS, registration number 10536, 3 December 2015)

and from the national data protection commission (Com-

mission Nationale de l’Informatique et des Libert�es. DR

number 1202233/February 2016).

Key Message

Pre-pregnancy diabetes in women with cystic fibrosis

is not associated with an increased risk of deteriora-

tion of maternal pulmonary or nutritional status.
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Results

Pregnancies in the CF French registry between
2001 and 2012

Between 2001 and 2012, 294 pregnancies in 232 women

were reported in the French CF Registry. There were 180

women who had one pregnancy, 42 women had two, and

10 who had three; 234 births in all. Median (range) age

at pregnancy was 27 years (15–42) and 37.3% of women

were homozygous for the F508del mutation, 79.8% had

pancreatic insufficiency, and 3.6% received chronic ent-

eral feeding. At initiation of the follow-up period, median

(range) FEV1 was 65.0% (18.9–131.5) and the median

(range) BMI was 20.2 kg/m2 (14.9–34.2). Of the 234

births, 62.6% of pregnancies were spontaneous, 70.3% of

pregnancies ended in a term-delivery, and delivery was by

cesarean section in 26.7% of cases. None of the newborns

died. Median (range) weight at birth was 3000 g (650–
3990). CF was diagnosed in three children. There were 16

cases of therapeutic termination, 13 cases of voluntary

abortion, 29 miscarriages, and two cases for which data

were not available.

Comparative analysis according to diabetic status
before first pregnancy

Considering only the first pregnancies leading to birth

and with a two-year follow up after delivery without a

second pregnancy, 189 pregnancies were analyzed: 29

(15%) pregnancies occurred in diabetic women and 160

(85%) in non-diabetic women. Nine women received

transplantation more than two years after pregnancy;

among them, two were diabetic the year before

pregnancy.

The main characteristics of diabetic and non-diabetic

groups the year of pregnancy are described in Table 1.

There was a non-significant trend towards a higher rate

of assisted conception in diabetic women than non-dia-

betic women (p = 0.06). The rate of cesarean section was

significantly higher in diabetic women (p = 0.005). There

was no significant difference in the rate of premature

births between the groups. Diabetic women were older

(p = 0.05). The median FEV1 was significantly lower in

diabetic women (p = 0.03), and the median BMI of dia-

betic and non-diabetic women was not significantly dif-

ferent (p = 0.55).

FEV1 and BMI rate of decline

There was no significant difference in the rate of FEV1

decline over the four-year study period between diabetic

women [median (range): �6.0 (�23.3 to 4.9)] and

non-diabetic women [�2.03 (�61.2 to 31.0)] (p = 0.07;

Figure 1). Median (range) FEV1 of diabetic and non-dia-

betic women at Y�1 was 55.0% (36.7–113.6) and 65.0%

(29.3–117.3); the year of pregnancy it was 49.9% (25.6–
111.1) and 66.9% (24.3–119.4), at Y+1 it was 49.3%

(32.0–111.2) and 63.5 (22.1–131.4), and at Y+2 it was

45.9 (22.1–111.6) and 64.4 (13.7–128.4), respectively.

Table 1. Characteristics in the year of pregnancy for those analyzed.

Diabetic women

Non-diabetic

women p

Pregnancy characteristics (n = 189)

n = 29 n = 160

Medically

assisted

conception

14 (53.8%) 51 (34.5%) 0.06

Cesarean

section

delivery

12 (48.0%) 31 (21.4%) 0.005

Newborn characteristics (n = 189)

n = 29 n = 160

Premature birth 10 (38.5%) 41 (28.5%) 0.31

Birthweight (g) 2950 (650–3510) 3000 (860–3990) 0.32

Dead newborns 0 0

Characteristics of women the year of pregnancy (n = 189)

n = 29 n = 160

Age 29.0 (19.0–41.0) 26.0 (17.0–41.0) 0.05

FEV1 49.9 (25.6–111.1) 66.9 (24.3–119.4) 0.03

BMI 19.9 (17.0–26.7) 21.1 (13.0–37.0) 0.55

BMI, body mass index; FEV1, forced expiratory volume in one-second

(%); p-value, Wilcoxon, all continuous variables were expressed as

median (min–max).
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Figure 1. Median forced expiratory volume in one-second (FEV1)

according to diabetic status. Y�1: one year before pregnancy; Y+1:

one year after pregnancy; Y+2: two years after pregnancy. The

median (range) rate of FEV1 decline in diabetic women was �6.03

(�23.31 to 4.94) and in non-diabetic women �2.03 (�61.18 to

30.98) (p = 0.07). [Color figure can be viewed at

wileyonlinelibrary.com].
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There was also no significant difference in the change in

BMI between groups over the same period [�0.37 (�3.32

to 2.67) and 0.30 (�4.17 to 5.98)] (p = 0.62; Figure 2).

Median (range) BMI of diabetic and non-diabetic women

at Y�1 was 19.9 (16.9–25.9) and 20.2 (15.1–34.1), the

year of pregnancy it was 19.9 (17.0–26.7) and 21.1 (13.0–
37.0), at Y+1 it was 19.6 (16.9–26.6) and 20.6

(14.2–34.4), and at Y+2 it was 19.1 (14.9–25.7) and 19.9

(14.2–34.4), respectively.

Discussion

The present study found that CFRD in pregnant French

women was associated with higher risk of cesarean section

rate and a trend in more frequent use of assisted concep-

tion techniques. There was no significant deleterious

effect of CFRD on FEV1 or BMI decline over the study

period.

Herein, cesarean section delivery was more frequent

among those with diabetes than those without diabetes,

as has been described in diabetic women among the gen-

eral population (13,14). Diabetic women had a signifi-

cantly lower FEV1 in the year of pregnancy, which might

be explained by older age, but their lower FEV1 did not

seem to have a negative impact on lung function after

pregnancy, although CFRD has been reported to be asso-

ciated with this in the general population (7). Diabetic

women did not have a poorer nutritional status, as

reflected by BMI, possibly because of high treatment bur-

den and surveillance in the case of diabetes. The absence

of a higher gestational weight gain in pregnancy in the

pregnant women with CFRD than in those without CFRD

[19.9 (17.0–26.7) and 21.1 (13.0–37.0), p = 0.36] may be

explained by higher energy expenditure related to low

FEV1 in diabetic women.

More generally, the absence of a more rapid decline of

pulmonary and nutritional status in diabetic women

could, at least in part, be related to the early identifica-

tion and aggressive treatment of diabetes, which has

reduced the negative impact of CFRD on CF clinical sta-

tus (15). Another explanation could be that pregnancy is

now well prepared for by CF women and care providers,

leading to optimal preconception care and close monitor-

ing of pulmonary exacerbations and nutritional status

according to published guidelines (16). However, as high-

lighted by recent studies, reproductive decision making is

complex for both young women with CF and care provi-

ders, particularly concerning CF women with complicated

clinical conditions such as CFRD (17,18); the data

reported in the present study provide some information

to help the decision making.

The study has some limitations. The most important

one is that the size of the diabetic group is small, and

even modest differences between the groups may have

been missed, as suggested by the data on FEV1 decline.

However, the analysis considered a fairly long follow up

for adult women, which was sufficient to observe a clin-

ical impact. Inherent differences in patients who became

pregnant and those who did not are likely to exist, and

women with a better health status are more inclined to

initiate and successfully complete a pregnancy, as

demonstrated in a previous study (8). Registration of

diabetes diagnosis in the French registry may have

induced bias, as it included both treated and non-trea-

ted diabetes. Furthermore, the screening rate for diabetes

in CF has also improved since 2001. No specific data

regarding diabetes treatment or monitoring during the

study period were available. It was also not possible to

evaluate the medical and psychological events prior

to the pregnancy that may influence patients to choose

to become pregnant.

The number of CF women of childbearing age with a

good health status is increasing owing to the consistent

use of symptomatic CF therapies, and this number will

increase further with the arrival of CFTR modulators.

Much remains to be done to clarify the impact of dia-

betes on pregnancies in CF, but this study emphasizes the

good prognosis of pregnancies in diabetic CF women. In

conclusion, pre-pregnancy diabetes in CF women does

not seem to be associated with an increased risk of a

decline in maternal clinical status.
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Abstract

Objective: To describe the prevalence of cystic fibrosis‐related diabetes (CFRD)

before and after lung transplantation (LT); to analyse the survival and renal function

after LT according to the CFRD status before LT.

Methods: Sixty cystic fibrosis (CF) patients transplanted at the Lyon University

Hospital between 2004 and 2014 were included. Genotype, pancreatic status, age at

LT, survival were recorded. Glucose tolerance status, daily insulin dose requirement,

glomerular filtration rate (GFR), and daily glucocorticoid (GC) dose were recorded

before LT and until December 2016.

Results: The median follow‐up was 5.6 (3.8‐8.2) years, and nine patients died. Survival

was poorest for patients with CFRD before LT compared with those without CFRD

(P = 0.03) but was not correlated with the GFR before LT, with sex, age at LT, or CF

genotype. The prevalence of CFRD was 68% at 2 years and 54% at 5 years. For

persistent insulin‐treated CFRD, the insulin requirement decreased (−2.1 IU/d/y;

P < 0.01) and was correlated with the daily GC dose (+0.4 IU/d for one additional

milligram, P = 0.012). Seven (11%) patients who had insulin‐treated CFRD before LT

became nondiabetic after LT, with a median time of 2 (1‐4) years. After LT, the GFR

decreased (−5.3ml/min/1.73m2/y; P < 0.001) and was not correlated with the CFRD

status before LT.

Conclusions: CFRD before LT is associated with poor survival after LT, which should

lead to better management of diabetes. Some patients with pre‐LT CFRD became

nondiabetic after LT. CFRD is not associated with renal insufficiency after LT.

K E YWORD S

cystic fibrosis, cystic fibrosis‐related diabetes, lung transplantation, renal function
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1 | INTRODUCTION

Lung transplantation (LT) is the only option for patients with end‐
stage lung disease in cystic fibrosis (CF).1 CF accounts for

approximately 23% of bilateral LT recipients, and CF patients

have better survival than patients receiving LT for other

indications.2 The mean age at transplantation for CF patients

was 31.5 years in France in 2016,3 and the young age of CF

patients at the time of transplantation is specific to the disease. In

addition to the comorbidities associated with LT, CF patients

remain exposed to CF comorbidities, such as cystic fibrosis‐
related diabetes (CFRD).1,4 LT may modify the natural history of

CF comorbidities, but the data are lacking. For example, CF and

transplantation are both associated with a risk of CFRD; however,

the evolution or the development of CFRD following LT remains

incompletely understood.

The main objective of our study is to describe the prevalence of

CFRD before and after LT and to analyse the survival and renal

function after LT according to the CFRD status before LT.

2 | PATIENTS AND METHODS

2.1 | Patients

CF patients transplanted at the Louis Pradel Hospital (Bron, France)

between 2004 and 2014 were retrospectively included in the study.

All CF transplanted patients were seen at least yearly by a CF

physician in the Center Hospitalier Lyon Sud CF‐reference center

during follow‐up.
Baseline characteristics before transplantation were examined in

each individual: sex, CF genotype, pancreatic status, chronic

Pseudomonas aeruginosa colonization status using the criteria

proposed by Pressler et al,5 and treatment with aminoglycoside

within 5 years before LT (defined by the number of courses and the

cumulative dose). All the patients were treated with once‐daily
intravenous infusion of aminoglycoside and sample monitoring of

residual concentration after 2 days of treatment. The age at LT and

the date of LT were also recorded.

The following criteria were recorded at the pretransplantation

period (in the 3 months before LT), in the postoperative period

(between 3 and 6 months after LT), and yearly during follow‐up
(closer to the anniversary date of LT), until December 2016:

● respiratory function measured by the forced expiratory volume in

the first second (FEV1), expressed as the percentage of the

predicted value (FEV1%)6;

● body mass index (BMI) in kg/m2;

● glucose tolerance status, classified in CFRD or others, defined

according to international guidelines, including World Health

Organization and American Medical Association criteria,7 and

determined with an annual oral glucose tolerance test (OGTT)

and daily insulin dose requirement (in IU/d);

● renal function, defined by the estimated glomerular filtration rate

(GFR), which was calculated with the Modification of Diet in

Renal Disease (MDRD) formula.8 Chronic kidney disease was

divided into five types according to the international criteria9;

● CF‐associated liver disease (CFLD) status: cholestasis parameters

(γ‐glutamyl transpeptidase [GT]), liver cell parameters (aspartate

aminotransferase [ASAT] and alanine aminotransferase [ALAT]),

liver ultrasonography results (classified into normal or abnormal)

were collected. CFLD was defined according to the criteria

proposed by Colombo et al.10

The survival (years) and the cause of death were recorded for all

patients.

2.2 | Transplantation and immunosuppression

The protocol for preoperative immunosuppression was 10mg/kg

methylprednisolone at the beginning of the surgery and two doses of

basiliximab 20mg (patients transplanted before November 2006

received methylprednisolone alone). In the immediate postoperative

period, all the patients were treated with a triple drug combination of

glucocorticoids, tacrolimus, and mycophenolate mofetil. The immu-

nosuppressive regimen was recorded each year (tacrolimus and

mycophenolate mofetil [MMF], tacrolimus and other immunosup-

pressive drug, other than tacrolimus). The daily glucocorticoid (GC)

dose was also recorded.

2.3 | Legislation

All patients received oral and written information informing them of

their unrestricted rights to ask for the deletion of their data. A

dispensation for the consent obtained was asked for deceased

patients. This study was conducted according to the legislation in

place at the time of the study and in compliance with the protocol of

Good Clinical Practices and principles of the Declaration of Helsinki.

2.4 | Statistical analysis

2.4.1 | Patient characteristics

Baseline characteristics were assessed by descriptive statistics. The

normality assumption was verified, and continuous variables were

compared using t tests. Categorical variables were compared using

the χ2 statistic or Fisher’s exact test.

2.4.2 | Survival analysis

Survival time was calculated from the date of LT to the date of

censoring or death. Overall survival was estimated using the Kaplan‐
Meier method. Survival curves were compared with the log‐rank test.

A Cox model was performed and adjusted for age, sex, CF genotype,

and CFRD status before LT.
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2.4.3 | Long‐term analysis of comorbidities

The prevalence of each comorbidity was calculated before LT as well

as 2 and 5 years after LT. The analysis of the repeated measures data

(FEV1%, BMI, daily dose of insulin, and calculated GFR) was

conducted by using multivariable linear mixed‐effect regression

models that included both fixed and random effects. The time of

follow‐up (annual discrete taking values from 6 months to 10 years

after LT) was considered an explanatory variable for each model,

which included FEV1%, BMI, daily dose of insulin, or calculated GFR

as responses of interest.

Confidence intervals (CI) were calculated at 95%. For all

statistical analyses, P < 0.05 was considered significant. Analyses

were performed with R v3.0.2 (R Foundation for Statistical

Computing, Vienna, Austria) with packages “survival”, “nlme”, and

“ggplot2” available at http//www.R‐project.org.

3 | RESULTS

3.1 | Pretransplantation characteristics

Between 2004 and 2014, 63 adult CF patients were transplanted.

Three of sixty‐three patients (5%) died in the first 3 postoperative

months; two of them were diabetic before LT. The details of the

pretransplantation characteristics of the 60 patients alive 3 months

after LT according to their CFRD status before LT are described in

Table 1. Using the Colombo et al criteria, two patients presented with

CFLD before LT. One patient had both liver and lung transplants; the

other died within the first month.

3.2 | Immunosuppressive regimen

During the follow‐up, 43 of 60 (72%) patients were on GC,

tacrolimus, and MMF. The median (interquartile range [IQR]) daily

dose of GC at 6 months was 20 (20‐25) mg/d, after 1 year was 7.5

(7.5‐10) mg/d, and thereafter was 5 (5‐60) mg/d. MMF was switched

to other immunosuppressive drugs in 16 patients: azathioprine

(n = 7), everolimus (n = 5) or sirolimus (n = 4); tacrolimus was

switched to cyclosporine in one patient.

3.3 | Changes in renal function

Before LT, the mean ± SD calculated GFR was 109 ± 47ml/min/

1.73m2 and was not significantly different according to the CFRD

status (P = 0.68). There was no correlation between the calculated

GFR before LT and the cumulative dose of aminoglycoside

(tobramycin: P = 0.57, amikacin: P = 0.92, and gentamycin: P = 0.10)

or the number of aminoglycoside courses (P = 0.83). After LT, the

calculated GFR decreased over time, with an estimated slope of

−5.3 ± 5.3 ml/min/1.73m2/y (P < 0.001; Figure 1).

The evolution of the calculated GFR over time was not

significantly associated with the CFRD status before LT (P = 0.10),

TABLE 1 Pretransplantation characteristics of the 60 CF adult patients with long‐term follow‐up according to their CFRD status before LT

Total (N = 60) CFRD+ (N = 42) CFRD− (N = 18)

Male, n (%) 26 (58) 17 (41) 9 (50)

Genotype, n (%)

Homozygote F508 del 32 (53) 23 (55) 9 (50)

F508 del + other 21 (35) 14 (33) 7 (39)

Other + other 7 (11) 5 (12) 2 (11)

Age at LT, y, mean ± SD 27.6 ± 8.4 27.9 ± 7.9 26.9 ± 9.6

Date of LT, n (%)

2004‐2010 24 (40) 14 (33.3) 10 (55.6)

2010‐2014 36 (60) 28 (66.7) 8 (44.4)

Pancreatic insufficiency, n (%) 60 (100) 42 (100) 18 (100)

Body mass index, kg/m2, mean ± SD 18.2 ± 2.2 18.1 ± 2.3 18.2 ± 1.8

CFRD with insulin requirement, n (%) 36 (60) 36 (85.7) NA

Chronic Pseudomonas aeruginosa colonization, n (%) 53 (88) 36 (85.7) 17 (94.4)

Minimum of GFR, ml/min/1.73m2, mean ± SD 109 ± 47 111 ± 52 106 ± 36

Cumulative dose of aminoglycoside

Tobramycin, mg, mean ± SDa 69 260 ± 39 950 68 280 ± 42 520 72 120 ± 32 920

Gentamycin, mg, mean ± SDa 4760 ± 3550 3590 ± 4120 7100 (one patient)

Amikacin, mg, mean ± SDa 45 980 ± 43 740 54 660 ± 44 990 11 250 ± 5870

Number of aminoglycoside cure, n, mean ± SDa 14.7 ± 6.7 14.4 ± 6.7 15.6 ± 7.1

Abbreviations: CF, cystic fibrosis; CFRD, cystic fibrosis‐related diabetes; GFR, glomerular filtration rate estimated with the Modification of Diet in Renal

Disease (MDRD) formula; F508del, delta F 508 deletion; LT, lung transplantation.
aWithin 5 years of LT.
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F IGURE 1 Evolution of the glomerular filtration rate (GFR) estimated with the Modification of Diet in Renal Disease (MDRD) formula
(ml/min/1.73m2) over time after lung transplantation in adult cystic fibrosis patients. Dashed gray lines indicate individual trajectories; the solid
black line indicates the mean of the considered values

F IGURE 2 Evolution of the daily dose of insulin (IU/d) over time after lung transplantation in adult cystic fibrosis patients who had
insulin‐treated cystic fibrosis‐related diabetes before lung transplantation (LT), which was persistent over time after LT. Gray points indicate

the individual dose recorded at each year of follow‐up; the black line indicates the mean daily dose of insulin
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the cumulative dose of aminoglycoside regardless of the molecule,

the number of aminoglycoside courses (P = 0.24), or the immunosup-

pressive regimen categories (compared with tacrolimus and MMF,

tacrolimus and other: P = 0.88, other: P = 0.59). Chronic kidney

disease was diagnosed in 22 of 60 (37%) patients, and, among them,

renal insufficiency was considered stage 5 in medical charts for 18 of

60 patients (30%), including one patient on a waiting list for kidney

transplantation but none requiring dialysis. No patients with end‐
stage renal insufficiency had a calculated MDRD below 15ml/min/

1.73m2 during the follow‐up.

3.4 | Glucose tolerance status

All patients were pancreatic insufficient. Forty‐two of the sixty

patients (70%) with survival greater than 3 months after LT had

CFRD before LT. The prevalence of CFRD significantly decreased

over time and was 68% (41 of 60) 2 years after LT and 54% (20 of 37)

5 years after LT (P = 0.016).

3.4.1 | Patients with insulin‐treated CFRD
before LT

Thirty‐six of sixty patients (60%) were treated with insulin before LT

(mean ± SD dose before LT = 33.3 ± 21.6 IU/d). For 27 of these

patients (27 of 60, 45%), insulin treatment was maintained over

time after LT. Insulin requirement transiently increased in the

postoperative period and then decreased over time, with an

estimated slope of −2.1 ± 2.9 IU/d/y (Figure 2, P < 0.01). In this

group, the daily dose of insulin was positively associated with the

daily GC dose (+0.4 IU/d for one additional GC milligram, P = 0.012).

The nine of sixty (15%) other patients stopped insulin after LT at a

median time of 2 (1‐4) years; seven patients no longer had CFRD

during follow‐up (controlled by annual OGTT), one had CFRD

without treatment, and one required insulin again later.

3.4.2 | Patients with nontreated CFRD before LT

Six of sixty (10%) patients had CFRD without insulin treatment

before LT. Four of sixty patients (7%) needed insulin in the

postoperative period (in the 6th months following LT). CFRD was

persistent over time for two patients and was transient for the two

patients. The fifth patient needed insulin later during the follow‐up.
The last patient no longer had CFRD 6 months after LT.

3.4.3 | Patients without CFRD before LT

Eighteen of sixty patients (30%) did not have CFRD before LT: 14 of

60 (23%) never developed CFRD, 2 of 60 (3%) developed insulin‐
treated CFRD (one in the postoperative period and one 6 years after

LT), and 2 of 60 (3%) needed transient insulin therapy (one patient

was treated during the first year following the LT, and one patient

was treated 1 year after LT for 1 year).

3.5 | Survival and cause of death

The median (IQR) time of follow‐up of the 63 patients was 5.6 (3.8‐
8.2) years. Six (10%) patients were followed‐up at 10 years. Twelve

(20%) patients died during the follow‐up. Among the three patients

who died in the early postoperative period, two patients died from

transplantation surgery complications and one from unexplained

F IGURE 3 Survival of cystic fibrosis adult patients after lung
transplantation represented by Kaplan‐Meier curves according to

their cystic fibrosis‐related diabetes (CFRD) status before lung
transplantation (LT)

TABLE 2 Evolution of the characteristics after lung transplantation

2 y (n = 57) 5 y (n = 37) 10 y (n = 6)

Estimated survival, % (95% CI) 88.9 (81.5‐97.0) 83.4 (74.4‐93.4) 75.6 (63.2‐90.4)

FEV1%, percentage of theoretical value, mean ± SD 80.9 ± 22.0 81.4 ± 22.9 71.6 ± 30.5

Body mass index, kg/m2, mean ± SD 20.4 ± 2.5 20.6 ± 3.2 19.4 ± 2.9

CFRD, n (%) 34 (60) 20 (54) 4 (67)

Daily dose of insulin, IU/d, mean ± SD 28.2 ± 13.9 24.5 ± 16.0 25.0 ± 7.3

GFR, ml/min/1.73m2, mean ± SD 77.4 ± 21.1 74.7 ± 25.6 80.9 ± 36.2

Abbreviations: CFRD, cystic fibrosis‐related diabetes; CI, confidence interval; FEV1, forced expiratory volume in the first second; GFR, glomerular

filtration rate.
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circumstances, although an autopsy proved acute rejection 2 weeks

after LT. The nine other deaths (3.4 ± 2.5 years after LT) were the

result of chronic lung allograft dysfunction in six patients, malig-

nancies (pulmonary lymphoma and non‐small–cell lung carcinoma)

and an unexplained respiratory failure. Four patients were retrans-

planted at 2 weeks as well as 1, 4, and 8 years after their first LT.

The estimated survival after LT is summarized in Table 2.

3.6 | Analysis of survival according to patient
characteristics before LT

Among the 60 patients followed more than 3 months, the estimated

Kaplan‐Meier survival of patients with CFRD before LT was lower than

that of those without CFRD (P = 0.03; Figures 1‐3). All the patients who

died during the follow‐up had CFRD before LT. It was thus not possible

to calculate the Cox hazard ratio (HR) of the CFRD status before LT

because no deaths were reported in the group of patients without CFR

D before LT. In the univariate Cox model, survival was not associated

with the calculated GFR before LT (P = 0.12), sex (P = 0.62), age at LT

(P = 0.98), or the CF genotype (P = 0.42 and P = 0.60), and the

multivariate analysis was not performed.

4 | DISCUSSION

This study reports the long‐term evolution of both CFRD and renal

function after LT as well as survival according to pretransplantation

CFRD and renal status in a cohort of French adult CF transplanted

patients, with a 5‐year median time of follow‐up.
The 10‐year survival of these patients, which was estimated to be

approximately 76%, is in accordance or slightly higher than that

described in registries encompassing such a long period.2,11

We observed a lower survival after LT in CFRD patients. Two out

of the three patients who died within the first 3 months after

transplantation (mostly due to surgical complications) had CFRD

before LT. All the other deaths during the follow‐up (nine patients)

concerned CFRD patients. The negative impact of CFRD status

before LT on survival has been previously described in CF, with a

threefold increase in the mortality risk for patients with pre‐ and

post‐LT CFRD, which also includes those who developed CFRD after

LT.12 This finding may be explained by a high rate of pre‐LT
pulmonary infections in diabetic patients, which is associated with a

higher rate of postoperative complications.13 In our cohort, all the

patients were pancreatic insufficient, suggesting a severe genotype

for all patients and a comparable phenotype.

Most of the surviving patients experienced an improvement in CFRD

symptoms with a reduction or sometimes a withdrawal of insulin, as

previously described in a French multicentric retrospective study.14 One

of the key factors of decrease in insulin requirement after LT for pre‐LT
CFRD patients may be the improvement of insulin sensitivity related to

the control of pulmonary infection and lower inflammation,14,15 and also

to the reduction of corticosteroids dosage over time. Although some

studies have reported an increase in the prevalence of CFRD in the first

year following LT,16 we demonstrated an improvement in CFRD which

mostly occurred after the first year in our study. In fact, we observed a

decrease in the prevalence of CFRD over time after LT that has not been

reported before. It may be explained by the combination of (i) a CFRD

reversibility in 15% of the all patients leading to the cessation of insulin at

a median time of 2 years of follow‐up; and (ii) a poorer survival for CFRD

patients, since all the observed deaths during follow‐up concerned

patients with CFRD. Nevertheless, CFRD worsened in some patients, and

it is important to improve our knowledge of the predictive factors

associated with CFRD progression, for example, the duration of diabetes

before LT. Therefore, a combined pancreatic or pancreatic islet‐LT may

be an option for CFRD treatment.17,18

We observed an important decrease in renal function over time, as

previously reported.2,19 At the date of LT, renal function was not

associated with the cumulative dose of aminoglycoside, as previously

demonstrated using measured GFR20. Controversial results have been

previously published; Al‐Aloul et al21 found a strong correlation between

aminoglycoside use and the decrease in renal function, while Quon et al22

reported no correlation between renal insufficiency and antibiotic use but

between renal insufficiency and CFRD. According to our results, the

decrease in renal function was not correlated with the survival, CFRD

status or immunosuppressive regimen, as suggested by recently

published data.23 Therefore, several other factors may explain the

decline of the renal function after LT. First, hypotension, hypoperfusion,

nephrotoxic agents such as radiocontrast, sepsis, and aggressive diuresis

in the perioperative period may explain this result24 by precipitating

acute kidney injury, which was associated with a fivefold increased risk

for chronic renal failure in LT.19 Second, the use of other nephrotoxic

agents before LT, like vancomycin or amphotericin, may also explain the

decline of renal function. It is worth noting that vancomycin, used to treat

methicillin‐resistant Staphylococcus aureus (MRSA), is an additional

nephrotoxic agent especially when combined to aminoglycoside, as well

as additional agents, that is, antifungals. The microbiological status about

MRSA and the use of other agents than aminoglycosides were not

collected for this study because their use is very infrequent in our center;

further works concerning the deleterious impact of MRSA need to be

considered even though it does not appear as a studied predictor of

posttransplant mortality in a recent meta‐analysis.25

It is noteworthy that the estimation of renal function using the

MDRD formula was not satisfactory, and renal insufficiency was not

correlated with the estimated GFR in our study. This formula led to a

frequent overestimation of the GFR, as previously described.20,26,27

The measure of the iohexol or inulin clearance should be systematic

before and regularly after LT.

Our study has some limitations. The exclusion of patients who

died in the early postoperative period could induce a bias in the

survival analysis, but our objective was to determine the specific

mortality associated with extrarespiratory comorbidities. We in-

cluded a restricted number of patients who were followed in one

single center, which limits the power of some statistical analyses and

the ability to identify some significant associations. Nevertheless, our

single‐center study led to homogenous treatment and follow‐up
before and after LT as well as a high quality of recorded data.
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In conclusion, CFRD before LT was associated with poor survival

after LT in CF patients, which highlights the importance of better

CFRD control in the perioperative and postoperative period after LT.

Nevertheless, some patients with pre‐LT CFRD were free of CFRD

after LT. CFRD before LT was not associated with the onset of renal

insufficiency before or after LT.
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