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Cystic fibrosis related diabetes (CFRD) is 
associated with a decrease in pulmonary 
function and nutritional status (1). 

CFRD is part of a spectrum of progressive 
glucose tolerance abnormalities defined by a 
standard oral glucose tolerance test (OGTT) (2).

(1) Moran A, Diabetes Care, 2010

(2) Moran A, Pediatr Diabetes. 2014

Background




 Defined as 2-h Glucose level >140 and <200 mg/dl 

(2)

 May appear early in life and its' prevalence 
increases with age, reaching over 80% in patients 
> 30 years (3).

 Early appearance of IGT is associated with a lower 
survival rate and a higher rate of lung 
transplantation (3). 

(2) Moran A, Pediatr Diabetes. 2014

(3) Bismuth E. J Pediatr. 2008

Impaired glucose tolerance





 to evaluate the clinical significance of IGT and 
the respective roles of beta cell dysfunction 
and insulin.

Current study - aim




 Fifty-five CF patients were enrolled. 

 Exclusion criteria were: Age < 10 years, known 
diabetes, Tx with GCs, CF exacerbation within 6 
weeks prior to the study, and conditions which may 
influence glucose metabolism such as cirrhosis or 
pregnancy.

Subjects




 Patients underwent a standard 75gr OGTT, with 

blood samples for glucose and insulin obtained at 
baseline, 30', 60', 90', 120' and 180. 

 C-reactive protein, fibrinogen, albumin, liver 
function tests, and lipid profile were also obtained.

 Pulmonary function tests were performed on the day 
of OGTT.

 Additional clinical and laboratory data were 
obtained from the medical charts.  

Methods




 Participants were classified as having (1) : 

 Normal glucose tolerance [NGT; FPG ≤126 mg/dl and 2-
h glucose level <140 mg/dl]

 Indeterminate glucose tolerance (INDET; FPG≤126 
mg/dl, 2-h glucose <140 and mid-OGTT glucose 
≥200mg%)

 IGT (2-h glucose level >140 and <200 mg/dl)

 CFRD (2-h glucose level >200 mg/dl)

(1) Moran A, Diabetes Care, 2010

Definitions




 HbA1c diabetic range ≥6.5%; 47.5mmol/mol (4)

 CFTR mutations (5):

 Severe genotype - patients with 2 severe (class I-III) 
CFTR mutations. 

 Mild genotype - patients with 2 mild (class IV-V) 
mutations or 1 severe and 1 mild mutation. 

 Pancreatic insufficiency was defined as fecal 
pancreatic elastase 1 value of <200 mg/g of feces (6).

(4) American Diabetes Association. Diabetes Care 2015. 

(5) The Cystic Fibrosis Genotype-Phenotype Consortium. New Engl J 
Med 1993.

(6) Littlewood JM. Pediatr Pulmonol 2006;41.

Definitions – cont.




 Fifty five patients (29 males) were enrolled.

 Aged 22.8+9.2 years. 

 Thirty patients (55%) had severe mutations and 41 
(75%) had PI. 

 Mean FEV1 was 67.9±22% predicted and mean BMI-
SDS was -0.23±1.1. 

 OGTT results: NGT – 38 (69%), IGT - 13 (23.7%) and 
newly-diagnosed CFRD - 4 (7.3%) patients. 

Results




 Patients with IGT :

 had significantly lower BMI-SDS, mean FEV1 and 
albumin and higher fibrinogen

 were more likely to have severe CFTR mutations and 
PI.

 There was no difference in age, gender, CRP, liver 
function tests or AW colonization.

 Compared to patients with NGT.

Results - main 



Table 1: Anthropometric, clinical and laboratory data of study participants  

Parameter 

 

NGT 

(n=38) 

IGT 

(n=13) 

p value 

Age (years)* 23±10 22.2±8 NS 

Gender  M=19, F=19 M=6, F=7 NS 

Severe CFTR mutations n (%) 18 (47.2%) 11 (84.6%) 0.03 

PI n(%) 24 (63.2%) 13 (100%) 0.003 

BMI-SDS* 0.1±1.1 -1.1±0.8 <0.001 

FEV1 % predicted* 74±21 57±19 0.014 

FPG (mg/dl)* 90±11 94±13 NS 

2-h glucose (mg/dl)* 99±20 160.9±16.6 NA 

Fasting insulin (mIU/l)* 5.5±4.1 4.2±3.35 NS 

2-h insulin (mIU/l)* 28.9±19 35.45±23.2 NS 

HbA1c ( %; mmol/mol)* 5.6±0.5; 36.6±11.4 5.9±0.6; 36.2±18.5 NS 

Albumin (g/dl)* 4.3±0.2 3.9±0.3 0.004 

Fibrinogen (g/dl)* 327±48 376±56 0.02 

CRP (mg/l)* 8.26±8.8 14.7±16.7 NS 

Adiponectin (ng/ml)* 10.75±4.4 10±4.4 NS 

*Data are presented as mean ± SD; NS=non-significant; NA=not applicable 

 

 

 




 Mean FEV1 was negatively correlated with FPG, 30 

minute glucose, 1-h glucose, 2-h glucose, and peak 
glucose and HbA1c . 

 Mean FEV1 was positively correlated with beta-cell 
function (HOMA%B and the insulinogenic index).

 These findings persisted when patients with mild 
mutations were excluded.

Results – PFT’s





FEV1 (%predicted) in relation to 1hPG





FEV1 (%predicted) in relation to HOMA%B




 Patients with IGT had impaired β-cell function:

reduced first phase insulin secretion 

delayed peak insulin levels 

significantly lower total insulin secretion (HOMA   

%B and insulinogenic index).

 Compared to patients with NGT.

Results – β-cell function



Table 2: Indices of β-cell function and insulin sensitivity*  

Parameter 

(mean±SD) 

NGT 

(n=38) 

IGT 

(n=13) 

p value 

Early phase glucose concentration 

(AUCGluc0-30 min) 

57±8 61±8 NS 

Second phase glucose concentration  

(AUCGluc30–120 min) 

189±42 259± 31 0.001 

 

Total insulin secretion  

(AUCinsulin0–120 min) (mIU/l) 

59±37 40±20 0.03 

First phase insulin secretion 

(AUCinsulin0–30 min) (mIU/l) 

9±5 4±2 <0.001 

HOMA-%B 69±35 49±22 0.026 

Insulinogenic index 11±1 2±2 <0.001 

HOMA-IR 1.2±1 1±0.95 NS 

HOMA-%S 240.7±141 317.7±163.4 NS 

QUICKI 0.4±0.04 0.4±0.05 NS 

OGIS 666.6±383.5 891.2±448.9 NS 

Matsuda index 11.3±6.2 12.3±6.1 NS 

*Data are presented as mean ± SD 





Glucose levels (mean±SD) during OGTT in participants 
with IGT and with NGT.





Insulin levels (mean±SEM) during OGTT in 
participants with IGT and with NGT.




 There were no differences in insulin resistance 

between patients with IGT and patients with NGT 
(HOMA-IR, HOMA-%S, QUICKI, OGIS, and the 
MATSUDA index). 

Results – Insulin resistance



Table 2: Indices of β-cell function and insulin sensitivity*  

Parameter 

(mean±SD) 

NGT 

(n=38) 

IGT 

(n=13) 

p value 

Early phase glucose concentration 

(AUCGluc0-30 min) 

57±8 61±8 NS 

Second phase glucose concentration  

(AUCGluc30–120 min) 

189±42 259± 31 0.001 

 

Total insulin secretion  

(AUCinsulin0–120 min) (mIU/l) 

59±37 40±20 0.03 

First phase insulin secretion 

(AUCinsulin0–30 min) (mIU/l) 

9±5 4±2 <0.001 

HOMA-%B 69±35 49±22 0.026 

Insulinogenic index 11±1 2±2 <0.001 

HOMA-IR 1.2±1 1±0.95 NS 

HOMA-%S 240.7±141 317.7±163.4 NS 

QUICKI 0.4±0.04 0.4±0.05 NS 

OGIS 666.6±383.5 891.2±448.9 NS 

Matsuda index 11.3±6.2 12.3±6.1 NS 

*Data are presented as mean ± SD 




HbA1c levels correlated with 2-h OGTT plasma 

glucose and peak glucose. 

However, HbA1c was not a sensitive or specific 
marker of glucose tolerance status. 
 2/4 patients with a diabetic OGTT had HbA1c levels 

in the "pre-diabetes" range (4).

 2/13 (15.4%) in the IGT group as well as 5/38 (13.2%) 
patients in the NGT group had HbA1c levels in the 
"diabetic" range.

(1) .

(4) American Diabetes Association. Diabetes Care 2015. 

Results –HbA1c 




 Patients with IGT showed worse nutritional status, 

as indicated by lower BMI-SDS and albumin levels 
and a more active inflammatory state, as indicated 
by significantly higher fibrinogen levels. 

 Patients with IGT had lower FEV1,  indicating 
declining lung function. 

Conclusions




 Results of the current study are consistent with the 

notion that the primary defect in CFRD is insulin 
insufficiency, and suggest that this is already true 
during the prediabetic stage. 

Conclusions




 IGT, as a pre-diabetic state, correlated with 

established risk factors for CFRD as severe CFTR 
mutations and exocrine PI.

 However, in the present cohort there was no 
difference in age or gender between patients with 
NGT and IGT.

Conclusions




 Our findings pertain to the question of whether 

treating CF patients with IGT with insulin might 
improve their clinical outcome. 

 There is preliminary evidence of benefits of insulin 
treatment of patients with early insulin deficiency
(4-6). 

(4) Dobson. Arch Dis Child 2002. 

(5) Mozzillo. Pediatr Diabetes 2009.

(6) Bizzarri. J Endocrinol Invest 2006.

Conclusions




 As current guidelines do not suggest specific 

recommendations for management of these patients 
there is a pressing need for more trials to determine 
whether current clinical practice should be altered 
toward the earlier initiation of insulin treatment in 
CF.

Conclusions
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