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ARTICLE INFO ABSTRACT
Articl_e history: Objectives. — Cystic fibrosis-related diabetes (CFRD) may be diagnosed by fasting blood glucose > 7.0
Received 11 July 2022 mmol/L and/or glucose > 11.1 mmol/L following oral glucose tolerance test (OGTT). We compared the

Accepted 5 September 2022 role of fasting and stimulated glucose for diagnosis of CFRD.

Methods. - We performed a cross-sectional review of the prevalence of fasting glycemic abnormalities
Ke)”’f’ords-' ) and Kaplan-Meier survival analysis of risk of progression to CFRD according to baseline fasting glucose
Cystic fibrosis . in the prospective Montreal Cystic Fibrosis Cohort.
;Ié/rset;cntiirllygrosm—related diabetes Results. - Isolated fasting hyperglycemia was detected in only 8% of participants at study onset. Eighty
Diagnosis percent of subjects had isolated post-challenge hyperglycemia on their first OGTT meeting criteria for
Fasting blood glucose CFRD. Kaplan Meier survival analysis demonstrated that impaired fasting glucose (IFG) alone is not a risk
Impaired fasting glucose factor for CFRD. Subjects with combined IFG and impaired glucose tolerance at baseline (IGT) had the
highest risk of progression to CFRD.
Conclusion. — Post-prandial elevations in blood glucose are more common at diagnosis of CFRD. While
IGT is a significant risk factor for CFRD, IFG alone is uncommon and does not increase the risk of CFRD.
Patients with both IGT and IFG have the highest risk of CFRD.

© 2022 Elsevier Masson SAS. All rights reserved.

Abbreviations FEV1 Forced expiratory volume in 1 second
FH- CFRD without fasting hyperglycemia
FH+ CFRD with fasting hyperglycemia
ADA American Diabetes Association EI:)G ?;l;g%v?tlﬁsg satiil;;c;slferglycemia
ANOVA Analy51s of varance - G120 CFRD with 2-hour post-OGTT hyperglycemia
ALT Alanine Aminotransaminase GGT Gamma Glutamvl transferase
AST Aspartate Aminotransaminase HbAlc hemoglobin Al cy
Qli]l)c 25:;1112?1(1;:1?;11):33?; HOMA-B Homeostasis model assessment for beta cell secretion
BMI Bodv mass index HOMA-IR Homeostasis model assessment of insulin resistance
yme . . IFG impaired fasting glucose
CFRD Cystic Fibrosis-Related Diabetes IGT impaired glucose tolerance
CRP C-reactive protein ISPAD International Society for Pediatric and Adolescent Dia-
betes
OGTT  Oral glucose tolerance testing
* Corresponding author. IRCM, 110, avenue des Pins, Montréal, QC, Canada ROC Receiver Operator Curve
H2WI1R7. WHO  World Health Organization

E-mail address: remi.rabasa-lhoret@ircm.qc.ca (R. Rabasa-Lhoret).

https://doi.org/10.1016/j.and0.2022.09.025
0003-4266/© 2022 Elsevier Masson SAS. All rights reserved.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 28, 2023.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


https://doi.org/10.1016/j.ando.2022.09.025
http://www.sciencedirect.com/science/journal/00034266
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ando.2022.09.025&domain=pdf
mailto:remi.rabasa-lhoret@ircm.qc.ca
https://doi.org/10.1016/j.ando.2022.09.025

KJ. Potteretal.
1. Introduction

Diabetes may be diagnosed by persistent elevation of fasting
blood glucose > 7.0 mmol/L, of post-prandial or random blood glu-
cose > 11.1 mmol/L, or both [1-3]. It is unclear whether all patients
with cystic fibrosis-related diabetes (CFRD) develop both types of
dysglycemia. In 1998, the Cystic Fibrosis (CF) Federation CFRD Con-
sensus Conference distinguished between CFRD patients with and
without fasting hyperglycemia (FH: FH + and FH-, respectively) [4].
These terms continue to be applied by the International Society
for Pediatric and Adolescent Diabetes (ISPAD), which recommends
basal-bolus insulin therapy for FH+ and bolus insulin only for FH-
[5]. Conversely, the American Diabetes Association (ADA) does not
distinguish between these categories and broadly recommends
insulin as therapy for patients with CFRD to maintain nutritional
health and pulmonary function [4]. No studies have yet assessed
whether basal insulin might provide additional anabolic benefit in
patients with CFRD without fasting hyperglycemia.

CFRD is most often diagnosed from post-prandial glucose lev-
els during oral glucose tolerance tests (OGTT) [5,6]. Cross-sectional
studies reported 16-47% of patients with CFRD meeting both fast-
ing and post-prandial criteria [6-8]. A 10-year natural history study
suggested that fasting hyperglycemia (FH) develops later in the nat-
ural history of CFRD [7]; 46% of 54 individuals with CFRD without
fasting hyperglycemia on initial OGTT progressed to show fasting
glucose > 7.0 mmol/L on serial follow up. Yet, in the University
of Michigan observational cohort, there were patient groups who
remained FH- for at least a decade [9]. Body mass index and pul-
monary function were similar between FH+ and FH - groups [9].
Treatment with insulin was important to maintain nutritional sta-
tus and lung function in both groups. Microvascular complications
were only identified in the FH + group.

It remains unclear whether all patients with CFRD progress from
FH - to FH + or whether there are distinct subpopulations.

Early diagnosis of CFRD with prompt initiation of insulin is
important to maintain nutritional status and optimal lung func-
tion [5]. Individuals who can be monitored more frequently may be
identified by OGTT screening. Pre-diabetes includes abnormal fast-
ing or post-challenge glucose levels (respectively, impaired fasting
glucose: IFG; impaired glucose tolerance: IGT). IGT (defined as a
blood glucose 7.8 to 11.0 mmol/L 2 hours after a standard OGTT) is
a known risk factor for CFRD [10]. In contrast, prospective studies
reported conflicting findings on whether IFG increases CFRD risk
[8,11]. Different thresholds have been used to define IFG (World
Health Organization (WHO), 6.1 mmol/L [12]; American Diabetes
Association (ADA), 5.6 mmol/L, [2]), but neither appears to be sen-
sitive or specific for diagnosis of CFRD [13]. Thus, while IGT is a
well-established risk factor, the role of IFG in CFRD pathogenesis is
less clearly defined.

In this study, the primary objective was to use prospective data
from the Montreal CF cohort (MCFC) to improve our understanding
of the role of fasting blood glucose in the diagnosis and pathogen-
esis of CFRD. We also assessed the efficacy of the ADA and WHO
definitions of IFG in CFRD risk prediction. The secondary objective
was to compare the role of fasting and post-prandial glucose levels
in predicting the development of CFRD.

2. Patients and methods
2.1. Design and setting

Analysis used prospective data from the MCFC. This cohort was
established in 2004 and was designed for CFRD screening to study
mechanisms of glucose intolerance and its association with CF clin-
ical status in patients without known CFRD. Patients undergo oral
glucose tolerance test (OGTT), blood sampling and evaluation of
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pulmonary function (forced expiratory volume: FEV;) every 1-2
years until they are diagnosed with diabetes [14].

2.2. Participants

Inclusion criteria comprised age > 18 years, confirmed diagnosis
of CF, and at >2 serial OGTT assessments except in case of de-
novo CFRD at initial consultation. Informed consent was obtained
for experimentation with human subjects. Patients with de-novo
CFRD on baseline screening were referred to an endocrinologist
to confirm CFRD diagnosis and were not included in serial follow-
up. Exclusion criteria comprised history of any type of diabetes
or organ transplantation, pregnancy, recent pulmonary exacerba-
tion, and use of medications that interfere with glucose metabolism
(intravenous antibiotics, systemic corticosteroids, or growth hor-
mone) [14]. OGTTs were scheduled when patients were clinically
stable, at least 1 month after any pulmonary exacerbation or use of
interfering medication.

2.3. Clinical data and blood sample

Age, gender and genotype were collected by chart review. Body
weight, standing height, body mass index, and FEV; were mea-
sured at each consultation on the day of OGTT, as previously
described [14]. Pancreatic insufficiency was defined by prescription
of enzymatic supplementation. Glycosylated hemoglobin (HbA1c)
was measured using fasting serum samples, as described previously
[14]. Baseline clinical characteristics are presented in Table 1 for
all subjects and for 3 subgroups: never developed diabetes, devel-
oped diabetes, identified with diabetes at initial screening. CFRD
was defined on the ADA criteria (fasting plasma glucose (FPG) > 7.0
mmol/l and/or 2hr glucose > 11.1 mmol/L). Percentage body fat was
obtained by impedance measurement on an electronic scale (Tanita
Corporation, Arlington Heights, IL, USA).

2.4. Oral glucose tolerance test (OGTT)

Oral glucose tolerance testing was performed as previously
described, with sampling for glucose and insulin at 0, 30, 60, 90
and 120 minutes [14]. Plasma glucose was analyzed on a Glucose
Analyzer (YSI 2300 STAT Plus Glucose and Lactate Analyzer; YSI
Inc.). Insulin samples were frozen at -80°C then chemically mea-
sured in duplicate by immunoturbidimetry (ADVIA 1650; Siemens
HealthCare). We calculated the area under the curve (AUC) for glu-
cose (AUCgy,), insulin (AUCj,s) and insulin corrected for glucose
(AUCjps/gry) for the whole period (0-120 minutes), the early phase
(0-30minutes) and the late phase (30-120 minutes) [15-17]. We
also estimated insulin sensitivity according to the Stumvoll index
and insulin resistance by HOMA-IR, as previously described [14].

2.5. Statistical analysis

Statistical analysis used GraphPad Prism 8.0 (GraphPad Inc., San
Diego, CA). Results are presented as mean = standard deviation
(SD). Analysis of variance (ANOVA) was used to compare groups
when appropriate. Post-hoc comparisons were performed using
Dunnett’s test for multiple comparisons. Kaplan Meier survival
analysis was used to compare the proportion of subjects devel-
oping diabetes between groups. P-values<0.05 were considered
significant.

3. Results
3.1. Clinical characterization of study subjects

At the time of this analysis, 293 adult subjects were included in
the MCFC, as previously described [18]. Subjects had a mean age of
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Table 1
Comparison of demographic, clinical and glycemic profiles between subjects who developed CFRD at any point during the study (baseline or prospective) and those who did
not.
Did not develop CFRD over Developed CFRD at any P value (t-test)
the course of the timepoint (baseline or
prospective study prospective)
n 189 100
Gender (% male) 56% 54% 0.8037
Age (years) 253+85 25.9+6.7 0.5176
Genotype (homozygous dF508/dF508; heterozygous dF508; other) 47%|43%[10% 53%/38%/9% 0.8543
Pancreatic insufficiency 72% 94% <0.0001
Weight (kg) 60.6 +10.8 59.3+114 0.3259
BMI (kg/m?) 21.8+3.0 21.6+3.0 0.6442
Fat mass (%) 18.7+£79 18.4+75 0.8259
FEV; (%) 74.8+22.0 69.6 +21.7 0.0550
CRP 7.4+10.6 59+5.7 0.2046
HbA1c (%) 5.6+0.6 6.0+1.0 0.0004
Fasting glucose (mmol/L) 5.3+0.5 58+1.0 <0.0001
Fasting insulin (pmol/L) 10.4+4.9 10.2+54 0.7202
2h OGTT glucose (mmol/L) 6.7+1.9 10.7+£3.8 <0.0001
AUC glucose 1019+ 176 1329+335 <0.0001
AUC insulin/glucose 5.5+3.1 3.7+28 <0.0001
HOMA-B 132.2+96.9 110.5+95.0 0.0750
HOMA-IR 25+1.2 26+13 0.4292
Stumvoll-ISI 0.1+0.0 0.1+0.0 0.6341

25.54 7.7 years, BMI 21.7 +3.0 kg/m2, and FEV; 73.2 +22.1%. 16%
of subjects (48/293) met the criteria for CFRD on baseline screening.
An additional 52 developed CFRD over the prospective study period.
Mean follow-up was 6.0 & 3.5 years.

Table 1 compares baseline clinical and demographic character-
istics of subjects with CFRD at baseline over the course of the study
versus those who never developed CFRD. Those who developed
CFRD were more likely to have exocrine pancreatic insufficiency
(P<0.0001) and higher fasting and post-challenge glucose levels at
baseline (P<0.0001). There was no difference in HOMA-B between
groups, but those who developed CFRD tended to have less efficient
insulin secretion during OGTT (AUCjys/g),; P<0.0001). There were
no differences in insulin sensitivity or insulin resistance between
groups.

Table 2 compares the criteria for positive CFRD screening at
baseline and over the study period. Overall, 80% had an initial
positive screen, based on elevated 2-hour post-challenge glucose
(G120) only; 8% had a positive screen based on fasting glucose alone
(GO0); and 12% met both criteria (GO + G120).

Table 3 compares subjects without diabetes versus those with
CFRD based on GO, G120, and GO + G120.

3.2. Comparison of groups meeting the criteria for CFRD by
fasting, post-challenge or combined criteria

Given the small number of subjects meeting the criteria for CFRD
based on fasting glucose, we analyzed subjects meeting the criteria
based on GO, G120 and GO + G120 with positive CFRD screen at
baseline and positive screen in the prospective follow-up (Table 2).
Demographic data were taken at the time of the first positive OGTT
screen.

There were significantly more male subjects meeting the crite-
ria for CFRD based on positive fasting glucose (P=0.0078). There
was no difference in age, CF genotype, pancreatic exocrine status,
weight, BMI, fat mass (%), FEV(%), CRP, liver enzymes, or liver func-
tion between those with positive screens based on fasting glucose
alone (GO), 2-hour OGTT glucose alone (G120), or both (GO +G120).

Hemoglobin Alc was significantly greater in the G120 group
than the GO+ G120 group (GO, 6.1 +0.7; G120, 5.9+0.5; GO+ G120,
6.7+1.1; ANOVA, P=0.0004; post-hoc comparison G120 vs
GO +G120, P=0.0042). Area under the OGTT glucose curve (AUCg, )
was significantly greater in the GO+G120 group than in the

other groups (P<0.0001 for each comparison). AUC for OGTT
insulin corrected for glucose (AUCjyg1,) and HOMA-B were signif-
icantly different between groups (AUCpgg,* GO, 2.3 +1.2; G120,
3.1+£1.6; GO+120, 1.8+ 1.7; P=0.03; HOMA-B: GO, 41.4+20.8;
G120, 105.6 £77.6; GO+120, 46.1+£20.1; P=0.004). Insulin resis-
tance (HOMA-IR, P=0.04) was greatest and insulin sensitivity
(Stumvoll index, P<0.0001) was lowest in the GO+ G120 group.

3.3. Fasting blood glucose increases in association with other
measures of dysglycemia, and impaired fasting glucose is
associated with decreased insulin secretion and sensitivity

We used baseline data to characterize the relationship between
fasting and stimulated glucose and HbA1c, as well as measures of
insulin secretion and sensitivity. As shown in Fig. 1 A to D, fasting
blood glucose > 6 mmol/L was significantly associated with worsen-
ing post-prandial hyperglycemia and HbA1c (P<0.0001). As fasting
blood glucose rose, there was an association with lower stimulated
and fasting insulin secretion (Figs. 1E, AUCjpgjg1y, and 1F, HOMA-B,
both P<0.0001), worsening insulin resistance (HOMA-IR, Fig. 1G,
P=0.0016), and decreasing insulin sensitivity (Fig. 1H, P<0.0001).

We also analyzed the relationship between fasting glucose and
clinical measures of health in subjects with CF. As shown in Fig. S1,
there was no significant association between fasting glucose and
FEV1(%) or BMI. There was, however, a trend for decreasing fat mass
as fasting glucose increased (Fig. S1C, P=0.0001).

3.4. Lack of correlation between baseline fasting blood glucose
and progression to CFRD

We analyzed the risk of progression to CFRD over the study
period in those who did not have CFRD at baseline by Kaplan
Meier survival analysis. There was no correlation between fast-
ing blood glucose at baseline and progression to CFRD, as shown
in Fig. 2A (P=0.6250). Furthermore, participants who met the cri-
teria for impaired fasting glucose based on ADA criteria (Fig. 2B,
P=0.9581) or WHO criteria (Fig. 2C, P=0.9946) at baseline did not
show increased risk of progression to CFRD over the study period.
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Characterization of glycemic abnormalities by cross-sectional and prospective analysis in the Montreal CF Cohort. Diagnosis by fasting and post-challenge criteria: GO and

G120, respectively.

Elevation in GO+G120

n Elevation in GO only Elevation in G120 only
Cross-sectional analysis of subjects diagnosed with CFRD on OGTT at baseline 48 10% (5/48) 71% (34/48) 19% (9/48%)
Glycemic profile at time of diagnosis of CFRD 52 6% (3/52) 88% (46/52) 6% (3/52)
Overall 100 8% (8/100) 80% (80/100) 12% (12/100)
Table 3

Demographic and clinical profiles of MCFC subjects at first positive screen for CFRD based on fasting and post-prandial criteria for CFRD. Subjects were grouped according to
positive screen based on fasting glucose (GO), 2-hour post-OGTT glucose (G120), or both (GO +G120). Data are expressed as mean = SD.

CFRD-GO CFRD-G120 CFRD-GO+G120 P value (ANOVA)
n 8 79 12
Gender (% male) 88% 46% 83% 0.0078
Genotype 50%/38%/12% 42%(58%/0% 35%(54%[11% 0.6632
Enzymes 100% 95% 100% 0.5900
Age 299496 28.5+7.2 30.8+7.5 0.5570
Weight (kg) 62.1+8.2 58.5+11.5 64.1+13.6 0.2570
BMI (kg/m?) 21.8+2.7 21.8+3.2 21.7+3.8 0.9936
Fat mass (%) 14.0+1.8 19.1+£7.5 15.1+6.6 0.0852
FEV; (%) 70.8+19.4 66.0+23.0 64.2 +25.8 0.8151
CRP 6.1+4.3 7.9+10.2 6.6+6.3 0.8358
AST 20.7+6.7 245+73 26.5+10.2 0.2888
ALT 26.3+14.5 25.9+14.6 30.2+10.9 0.6624
ALP 83.7+27.0 93.4+33.6 100.5+29.6 0.5603
GGT 32.3+56.8 18.7+14.9 263+18.4 0.1702
Albumin 40.1+34 399429 41.5+3.1 0.2047
Total bilirubin 8.3+53 9.5+59 143+11.8 0.0682
HbA1c (%) 6.1+0.7 59+0.5 6.7+1.1 0.0004
Fasting glucose (mmol/L) 7.5+04 5.6+0.6 8.0+0.9 <0.0001
Fasting insulin 8.4+42 9.8+5.7 104445 0.6652
2h OGTT glucose (mmol/L) 8.8+1.7 13.1+£1.7 16.0+2.6 <0.0001
AUC glucose 1406 + 206 14374182 18814300 <0.0001
AUC insulin/glucose 23+1.2 3.1+1.6 1.8+1.7 0.0306
HOMA-B 41.4+20.8 105.6£77.6 46.1+20.1 0.0044
HOMA-IR 27412 25+15 3.7+1.7 0.0422
Stumvoll-ISI 0.11+0.01 0.104+0.02 0.08 +£0.02 0.0002
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Fig. 1. Stimulated glucose response increases and insulin secretion decreases in association with fasting glucose. Stimulated glucose response is shown in A (A: Peak OGTT
glucose, B: 2h-OGTT glucose, C: AUC, ). HbAlc (%) is shown in D. Insulin secretion is shown in E-F (E: AUCjg/g1,; F: HOMA-B). HOMA-IR, a measure of insulin resistance, is
shown in F. The Stumvoll index, a measure of insulin sensitivity, is shown in G. Data are derived from the baseline assessment.
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Fig. 3. Subjects with both impaired fasting glucose and impaired glucose tolerance had a greater risk of CFRD. In A), diabetes risk was assessed according to glucose tolerance
and fasting glucose on the ADA definition of impaired fasting glucose (IFG; 5.6 - 6.9 mmol/L), and in B, on the WHO definition (IFG; 6.1-6.9 mmol/L).

3.5. Determination of the sensitivity and specificity of ADA- and

WHO-defined impaired fasting glucose for the prediction of future
CFRD

We compared the sensitivity and specificity of the IFG thresh-
olds for CFRD in the 245 subjects who did not have diabetes at
baseline. At a threshold of 5.6 mmol/L, sensitivity for CFRD was
31% and specificity 78%. At a threshold of 6.1 mmol/L, sensitivity
was 6% and specificity 92%. The area under the ROC curve was not
significant.

3.6. Comparison of IFG, IGT and IFG +IGT profiles for risk of
developing CFRD

We performed Kaplan-Meier survival analyses to assess the
relationship of IFG and IGT with risk of progression to CFRD. Fig.
3 A and B show that patients with IFG alone did not show increased
risk, while IGT was a significant risk factor. Patients with com-
bined IFG +IGT had the highest risk of developing CFRD (Fig. 3A,
P=0.0070; Fig. 3B, P=0.0010).

4. Discussion

The present study showed that, at first detection of CFRD, the
majority of subjects had isolated post-challenge hyperglycemia.
Only a small subgroup had fasting hyperglycemia at first positive
screening for CFRD. The only differentiating demographic factor
appeared to be male gender, which was more common in case
of fasting hyperglycemia. Those with combined fasting and post-
challenge hyperglycemia had higher HbA1c levels at diagnosis at
CFRD. We clearly showed that impaired fasting glucose, according
to both ADA and WHO definitions, was not a risk factor for CFRD
unless there was pre-existing impaired glucose tolerance. Le., as
previously demonstrated, IFG is not a sensitive test for CFRD [13].
Above a fasting glucose threshold of 6.0 mmol/L, there was a posi-
tive association with post-challenge hyperglycemia, poorer insulin

secretion, and lower insulin sensitivity. Finally, although IFG was
not an independent risk factor for progression to CFRD, subjects
with combined IFG and IGT had a higher risk of progressing to CFRD.

IFG and IGT often occur in isolation and are independent risk
factors for type-2 diabetes and cardiovascular disease [2]. Either
one may be associated with beta-cell insulin secretion defect [2].
The IFG state is thought to arise from decreased hepatic responsive-
ness to insulin, leading to mild fasting hyperglycemia [2,19,20]. The
early phase of stimulated insulin secretion, however, is also slightly
reduced in individuals with IFG [21]. From a clinical perspective,
baseline insulin secretion is most accurately reflected by HOMA-
B, which is derived from fasting blood glucose and insulin levels
[22,23].IGT is associated with a primary beta cell defect [23] and is
more accurately estimated by models based upon post-challenge
insulin, such as AUCjgjg1y. The IFG and IGT states most likely pre-
dispose to diabetes by differing contributions of insulin secretory
defects and insulin resistance [22]. We demonstrated that IGT and
defects in stimulated insulin secretion are important in the patho-
genesis of CFRD. We provided additional evidence that IFG does not
play a primary role in the development of CFRD. Furthermore, we
showed for the first time that patients with combined IFG and IGT
had a higher risk of developing CFRD than those with IGT alone.
Overall, IFG does not cause CFRD but subjects with both fasting
and post-challenge glycemic abnormalities have the highest risk of
developing diabetes.

FH is uncommon in CFRD, at least in early stages. In a cross-
sectional analysis, Mueller-Brandes et al. found that IFG was not a
sensitive test for CFRD and recommended against its use [13]. We
came to similar conclusions, using prospective data and a wider-
reaching diagnosis of diabetes. The Mueller-Brandes group defined
diabetes based on 2 h OGTT results [13], whereas we used fasting or
post-prandial hyperglycemia. Our ROC curve analyses showed that
neither the ADA nor the WHO definitions of IFG were appropriate
screening tests for CFRD.

FH is an important diagnostic criterion in type-2 dia-
betes because it predicts risk of microvascular complications.
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Microvascular complications appear to be associated with FH
in CFRD [1,2]. However, prevention of adverse respiratory and
nutritional outcomes may be more important in CFRD. Insulin
appeared to be important for maintaining respiratory and nutri-
tional health, independently of FH [9]. Furthermore, although most
patients developing CFRD will show FH, it is important to identify
subgroups of CFRD in order to understand natural history and
clinical implications. Patients who meet CFRD-GO criteria tend to
have lower insulin resistance and lower insulin secretion capacity.
Those who meet both GO and G120 criteria have the greatest
insulin resistance, lowest insulin secretion capacity and highest
HbA1c levels. This cross-sectional analysis of CFRD subtypes sug-
gests one of two phenomena: a subgroup of patients may initially
be detected with both fasting and post-prandial hyperglycemia.
Alternatively, the GO+ G120 group may be detected at a later stage
and have initially presented one glycemic abnormality and have
developed worsening glycemic control over time.

In support of this hypothesis, a prospective study by Sterescu
et al. showed that 46% of CFRD patients who were FH- on ini-
tial OGTT (25/54) progressed to FH+over 10 year’s follow-up
[7]. Even so, over half of the cohort did not progress to fast-
ing glycemia abnormalities. Studying a small subgroup is difficult
in a rare disease. Given the greater insulin resistance in those
with fasting dysglycemia, future studies might attempt to deter-
mine whether this group has increased genetic susceptibility to
T2D. Further study of this subgroup is also important to deter-
mine whether fasting dysglycemia predisposes to long-term micro-
and/or macro-vascular risk or other respiratory or nutritional com-
plications in patients with CF. If continuous glucose monitoring
technology becomes integrated in CFRD screening, future studies
might focus on a comparison of fasting and post-prandial glycemic
trends to better define sub-populations at risk of CFRD.

4.1. Limitations

This study had limitations despite the large cohort. The results
are based only on a French-speaking population in a single region
of Canada, and on younger and healthier patients than in other CF
cohorts. We are confident that our cohort was well- characterized
and comparable for key parameters, such as weight and pulmonary
function, to other North American data [24]. We measured fat mass
(%) by impedance studies, which tend to show higher intra- and
inter-individual variability than BMI. However, we used these data
as an adjunct to BMI, to support conclusions derived from the BMI
data. Finally, our definition of diabetes was limited to a single fast-
ing glucose assay > 7.0 mmol/L or post-prandial glucose > 11.1
mmol/L; these values were taken on the same day in standardized
conditions.

5. Conclusions

Post-prandial elevation of blood glucose is more common than
fasting elevation in patients with CF. IFG is not a sensitive or specific
test for diagnosis of CFRD. IFG alone does not increase the risk of
CFRD, but patients with both IGT and IFG have a higher risk for than
those with IGT alone.
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