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Diabetes in Cystic Fibrosis
… develops over time in PI CF patients:

25% age 10‐19, 40% age >30

Females at greater risk in most studies

… worsens lung function and nutritional 
status, and insulin treatment improves it.

… is caused mainly by genes other than CFTR*

… is a bit like type 1 diabetes:
not much insulin resistance; patients are thin.

… is a bit like type 2 diabetes:
A slow decline in insulin production over years.

Family history of T2DM is a risk factor for CFRD.**

TCF7L2 is a modifier gene for CFRD and a 
susceptibility gene for T2DM.**

CF diabetic pancreatic islet

CF lung disease

*Blackman et al., 2009 J.Clin.Endocrinol.Metab.
**Blackman et al., 2009 Diabetologia 52:1858



Adapted from Welters (2008) Trends Endocrinol Metab 19:349
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Genome‐wide association study

The North American CF Modifier Consortium has 
assembled and genotyped 5,132 CF patients and 
families

JHU Twin‐Sibling study (+ JHU CFRD study)

UNC/CWRU Gene Modifiers study

Canadian consortium for CF genetic                                
studies

Primary phenotype is CF lung function
JHU and UNC have obtained diabetes information



Primary Study sample:
CF Twin and Sibling Study

CFRDEuglycemic

113 CF centers (mostly U.S.); recruitment ongoing
1360 patients with CF

580 families up to 5 per family
DNA, family history, longitudinal clinical information collected

Patients identified with CFRD and normal glucose status:
Clinician diagnosed CFRD, >1 yr insulin or oral medication use
Confirmed by test results (OGTT, A1c, glucose data) in 45%
Excluded

Inadequate screening
Pancreatic sufficient CF
Type 1 DM
High glucose only during exacerbation, normal A1c, no treatment

137 of 1220 phenotyped have CFRD (11%)



Selection of single nucleotide 
polymorphisms (SNPS) for analysis

610,000 on chip
570,725 (96.5%) met QC
556,445 on chromosomes 1‐22
511,443 minor allele frequency >5%

Plan to analyze with family‐based 
association test using log rank statistic 
implemented in PBAT.

Conditional power is calculated prior 
to analysis by parents genotypes and 
children’s phenotypes. Allows to 
select markers based on pre‐test 
power (Van Steen et al 2005 Nat Genet 37:683)

51,144 (10%) with highest pre‐test 
power selected for association 
testing.



P‐values distribute as expected (Quantile‐Quantile plot)
(Top 51,144 markers by power)



Genome‐wide P‐values for association with 
diabetes diagnosis age

(Top 51,144 markers by power)



A/A (63%)

A/G (33%)

G/G (4%)

Follow‐up study (Gene Modifiers Study)
n=763 (160 diabetes, 603 PI CF control)

8 loci tested for 
replication

1 locus showed 
evidence of 
association with the 
same allele

(CTNNA2 SNP, 
recessive model:
log rank P=0.005; 
HR=2.17, P=0.01)

Study-wide combined 
P-value = 3 × 10-6

(51,152 tests), 
Suggestive for 
association The same “G” allele of the CTNNA2 SNP associates with

decreased age of diabetes diagnosis in the follow-up study.

CTNNA2 SNP:
Additive model:
log rank P=0.0098;
Regression HR=1.33, 
P=0.03



Adapted from Welters (2008) Trends Endocrinol Metab 19:349
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Conclusions

Diabetes in CF is largely due to genetic modifiers, 
that is, variants in genes other than CFTR.

Involvement of TCF7L2 and CTNNA2 implicate 
Wnt/β‐catenin signaling in CFRD.

Cell/tissue(s) of action are unknown

CTNNA2 and other CFRD modifier genes may play a 
role in type 2 diabetes.

Identification of at‐risk CF patients may allow 
individualizing therapy such as earlier screening and 
prevention of diabetes‐related complications in CF.
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