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Diabetes, the most common comorbidity in persons with cystic fibrosis (CF), is associated
with increased morbidity and mortality. The single most important question in this field
today is whether less severe glucose tolerance abnormalities are also clinically relevant
and thus warrant diabetes therapy.
In this issue, we review new studies that explore the genetic links to diabetes in
individuals with CF, demonstrate the frequency of hyperglycemia in the nondiabetic CF
population under free-living conditions, determine a threshold glucose level at which blood
glucose crosses into airway secretions, and present the results of aggressive diabetes
treatment on patient outcomes, both in clinical practice and in a multicenter, randomized,
placebo-controlled trial.
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MD and Robert Busker, eCysticFibrosis Review’s Managing Editor discuss the topic:
Cystic Fibrosis–Related Diabetes.
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COMMENTARY
Cystic fibrosis–related diabetes (CFRD) is part of a spectrum of progressively worsening
glucose tolerance abnormalities. As defined by the oral glucose tolerance test (OGTT),
approximately 60% of children, 30% of adults age 20-40 years and 20% of adults older
than 40 years have normal glucose tolerance (NGT). Glucose tolerance abnormalities
become more prevalent with age and include impaired glucose tolerance (IGT), CFRD
without fasting hyperglycemia (CFRD FH-), and CFRD with fasting hyperglycemia (CFRD
FH+). Diabetes is associated with increased morbidity and mortality in patients with CF.
In the general population, individuals with both type 1 diabetes (T1D) and type 2 diabetes
(T2D) frequently die of atherosclerotic cardiovascular disease; in contrast, CF patients
with and without diabetes typically die of pulmonary disease. Nutritional status and lung
function begin to decline several years before the actual diagnosis of CFRD—that is, in
the prediabetic period. Nutrition is intimately linked to pulmonary function, and insulin is
an important anabolic hormone involved in the conservation of weight and lean body
mass. The degree of insulin insufficiency is related to the rate of pulmonary function
decline; when followed for 4 years after a baseline OGTT, patients with IGT had more
rapid loss of lung function than did those with NGT, and those with CFRD FH- had the
greatest loss.1 The rate of decline in pulmonary function was inversely related to the
OGTT area-under-the-curve for insulin.
The first suggestion that diabetes might negatively impact survival in persons with CF
occurred in 1988, when it was reported that <25% of CF patients with diabetes reached
the age of 30 years, compared with ~60% of those without diabetes.2 Since that time,
multiple studies have demonstrated that CFRD is associated with worse nutritional status,
more severe lung disease, and increased mortality. For reasons that are not well
understood, females with CFRD are particularly vulnerable to excess morbidity and
mortality. In one study, women with CFRD died a full 16 years earlier than did women
without diabetes or men with CF. 3 Careful investigation did not reveal an explanation for
the excess female risk, but it was hypothesized that insulin insufficiency and diabetes
each created a catabolic state that men were better able to counterbalance because of
endogenous anabolic steroids.
Several important questions remain to be answered in patients with CFRD, but recent
studies, including those presented in this review, are moving this field forward. Among
these questions are:
Why is it that all patients with CF do not eventually develop diabetes?
Approximately 50% of the islet mass is destroyed by atrophy and fibrosis in essentially all
pancreatic-insufficient CF patients, yet only about half of them actually develop diabetes.
Blackman and associates have published 2 studies linking CFRD to a family history of
T2D and to a gene known to be involved in the etiology of T2D. Their findings support a
hypothesis linking both fibrosis-associated reduced islet mass and genetic defects in
beta-cell function to CFRD:
Physical destruction of pancreatic islets leads to insulin insufficiency in the majority of
patients with CF. Glucose tolerance is relatively normal in many of these patients
because their remaining beta cells are sufficiently competent to compensate for
reduced beta-cell numbers. Others go on to develop CFRD because their beta cells
are relatively dysfunctional due to the same genetic defects that are associated with
T2D.
The genetics of T2D are complicated and there are many candidate genes; future
identification of those genes specifically associated with CFRD may shed light on the
pathophysiology of this disorder and help to inform treatment options, as well as identify
at-risk individuals.
Is hyperglycemia an important contributor to the morbidity and mortality
associated with CF?
We have long believed that the nutritional consequences of insulin deficiency in patients
with CF are of greater consequence than the metabolic effects of hyperglycemia, with
much research over the last decade having focused on this aspect of diabetes. The
impact of hyperglycemia per se has been largely ignored. In the articles reviewed in this
issue, Dobson and coworkers used home continuous glucose monitoring technology to

demonstrate that even patients with NGT experience intermittent glucose levels in the
diabetic range under free-living conditions. Should these individuals receive diabetes
treatment? Brennan and colleagues demonstrated that when blood glucose levels are
elevated above a modest threshold of 144 mg/dL, airway glucose concentrations are also
elevated, thus creating an environment that encourages bacterial growth. These studies
suggest that even relatively low levels of hyperglycemia may be harmful in patients
with CF.
Is increased mortality inevitable in patients with CFRD, especially women?
Encouraging new data from the University of Minnesota, reviewed in this issue, suggest
that early detection and aggressive insulin therapy have narrowed the gap in mortality
between CF patients with and without diabetes, and have eliminated the gender disparity
in mortality. In a separate investigation, also described in this issue, a multicenter,
placebo-controlled trial demonstrated that insulin therapy not only stopped but also
reversed chronic weight loss in men and women with "mild" diabetes (CFRD FH-). These
reports provide evidence of the benefits of aggressive insulin therapy in patients with
CFRD and offer hope for those with this diagnosis.
Taken together, the findings discussed in this issue suggest that hyperglycemia is
common in the majority of patients with CF, that even modest hyperglycemia may have
negative consequences, and that aggressive treatment at the more severe end of the
glucose tolerance spectrum improves patient outcomes. As with all good clinical
research, these studies have created as many new questions as they have answered.
Additional research is needed to further explore genetic predisposition to CFRD, to
understand the consequences of intermittent hyperglycemia in patients with CF who have
otherwise relatively normal glucose metabolism, and to define glucose tolerance threshold
levels for instituting diabetes therapy in individuals with CF.
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STUDIES LINKING CFRD TO TYPE 2 DIABETES
Blackman SM, Hsu S, Vanscoy LL, Collaco JM, et al. Genetic modifiers play a
substantial role in diabetes complicating cystic fibrosis. Clin Endocrinol Metab.
2009;94(4):1302-1309.
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For many years, speculation has existed that the genetic risk for CFRD might be related
to genes associated with T2D. Blackman and associates, of the Johns Hopkins University
School of Medicine, have recently published 2 reports that support this notion. In the first
study, entitled "Genetic Modifiers Play a Substantial Role in Diabetes Complicating Cystic
Fibrosis," the authors used data from an ongoing twin and sibling study to estimate the

relative contributions of genetic and nongenetic modifiers to the development of diabetes
in persons with CF. They gathered clinical and biochemical data on 1366 individuals from
109 centers, including 68 monozygous twin pairs, 23 dizygous twin pairs, and 588 sibling
pairs, all with CF. In a second report, entitled "A Susceptibility Gene for Type 2 Diabetes
Confers Substantial Risk for Diabetes Complicating Cystic Fibrosis," this same patient
cohort was used to question whether a family history of T2D affects diabetes risk. In
addition, 988 patients from the family-based study plus 802 unrelated patients with CF
were assessed in a case-control study to evaluate a gene known to be associated with
T2D susceptibility (transcription factor 7-like 2, or TCF7L2).
The concordance rate for diabetes was significantly higher in monozygous twins
compared with dizygous twins or sibling pairs with CF (P=.002), suggesting an important
role for genetic modifiers in the development of CFRD. Family history of T2D significantly
increased the risk for diabetes in patients with CF (odds ratio [OR], 3.1; P=.0009). A
TCF7L2 variant known to be associated with T2D was also commonly found in patients
with CFRD (P=.0002), decreasing the mean age at which diabetes was diagnosed
by 7 years.
Thick, viscous pancreatic secretions lead to inflammation, obstruction, and obliteration of
small ducts in the pancreas, with associated pancreatic fibrosis and scarring. Both
exocrine and endocrine tissues are destroyed. Originally, it was believed that diabetes
was related strictly to mechanical factors—that is, the more islets that were destroyed, the
more likely it was that a patient with CF would develop diabetes. Autopsy studies did not
support this theory, however, since the reduction in islet mass was about 50% in both
patients with and those without diabetes, suggesting that additional factors were involved
in the pathogenesis of CFRD.1 The earliest speculation that CFRD might be related to
T2D followed the discovery that pancreatic islet amyloid deposition occurred in CFRD,
similar to that observed in T2D, but not in T1D or chronic pancreatitis.1 The 2 recent
studies by Blackman and coworkers are the first to demonstrate a clear genetic link
between CFRD and T2D. This does not mean that CFRD is T2D, though, since the 2
forms of diabetes have very different clinical manifestations. However, it does explain why
beta cells work better in some patients with CF compared with others. Additional studies
are warranted in this area to help better explain how these genetic modifiers interact with
the pathophysiology of CF to give rise to early diabetes in this patient population, which,
in turn, might influence medication options. In addition, early identification of those
individuals most likely to develop diabetes would be a valuable clinical and research tool.
Studies could be instituted to determine if early prediabetes therapy might have a positive
impact on clinical course, and diabetes prevention strategies could then be developed
accordingly.
References
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HYPERGLYCEMIA IS DETECTED EVEN AMONG
PATIENTS WITH CF WHO HAVE NORMAL GLUCOSE
TOLERANCE
Dobson L, Sheldon CD, Hattersley AT. Conventional measures underestimate
glycaemia in cystic fibrosis patients. Diabet Med. 2004;21(7):691-696.
(For non-journal subscribers, an additional fee may apply for full text articles.)
View journal abstract
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Glucose tolerance in CF is traditionally defined by the results of a standard OGTT.
However, it has frequently been noted that few patients with CF have truly normal glucose
tolerance, since the OGTT glucose area-under-the-curve is higher in those with CF and
NGT compared with normal control subjects, even though fasting and 2-hour glucose

levels are the same. Dobson and colleagues used the technology of continuous interstitial
glucose monitoring (CGM) to evaluate glucose levels in nondiabetic patients with CF, and
age- and body mass index (BMI)–matched non-CF controls, under free-living conditions
at home. The authors had previously validated the use of CGM in persons with CF. 1 After
the sensor was attached, subjects underwent an OGTT and then continued to wear the
sensor for 72 hours at home during their usual daily activities.
Of the 21 patients with CF, 5 (25%) had impaired glucose tolerance and were excluded
from the final analysis, compared with 2 of the 21 controls (5%). The remaining subjects
all had NGT by OGTT fasting and 2-hour glucose criteria. Among those with NGT, fasting
glucose, 2-hour glucose, and hemoglobin (Hb)A1c were normal and did not differ in
patients with CF compared with controls. However, as has been previously described,
mid-OGTT (at 30, 60, or 90 minutes) glucose levels and OGTT glucose area-under-thecurve were greater in those with CF. During the 72 hours of sensor assessment, the
mean CGM glucose levels were significantly higher in NGT patients with CF compared
with normal controls (106 vs 92 mg/dL, respectively; P=.004). Under these free-living
conditions, 33% of subjects with CF had ≥1 continuous glucose monitoring system
(CGMS) glucose value >200 mg/dL, compared with 5% of control subjects (P =.00001).
The investigators concluded that both HbA1c and OGTT underestimate glucose
abnormalities in individuals with CF.
This study confirmed previous reports that mid-OGTT levels tend to be higher than
normal even in CF patients with NGT, expanding those observations to include abnormal
glucose elevation under free-living conditions. Patients with CF consume high-calorie
diets, and it is not surprising that glucose levels might be higher when carbohydrate
intake is substantially greater than the 75 grams that has been standardized for the
OGTT. The clinical relevance of these findings is unclear, however. American Diabetes
Association criteria for the diagnosis of diabetes include any of the following: (1) fasting
hyperglycemia; (2) hyperglycemia at the end of a standard 2-hour OGTT; and (3) casual
(random) glucose levels >200 mg/dL in the presence of symptoms. These criteria were
developed based on the risk for microvascular complications in the general diabetes
population. Microvascular complications do occur in patients with CFRD, but tend to be
less common and less severe than in those with T1D or T2D. Notably, such
complications have not been described in patients with CF who do not have fasting
hyperglycemia,2 thus the patients in the Dobson et al study are not likely to be at risk for
eye or kidney disease associated with diabetes. Of greater concern in patients with CF
are the potential negative consequences of insulin insufficiency or hyperglycemia on
nutritional status and pulmonary function. This has been described in patients with CFRD
and IGT, but not in those with NGT.3
So what are the clinical implications of intermittent casual glucose level elevation under
free-living conditions in asymptomatic patients with CF who have otherwise normal
glucose tolerance? Additional studies are needed linking CGM results to outcomes before
this question can be answered.
References
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BLOOD GLUCOSE ELEVATION LEADS TO AIRWAY
GLUCOSE ELEVATION IN PATIENTS WITH CF
Brennan AL, Gyi KM, Wood DM, et al. Airway glucose concentrations and effect on
growth of respiratory pathogens in cystic fibrosis. J Cyst Fibros. 2007;6(2):101-109.
(For non-journal subscribers, an additional fee may apply for full text articles.)
View journal abstract
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Multiple studies have demonstrated that insulin insufficiency has a negative impact on CF
morbidity and mortality by creating a catabolic state, and compromising body weight and
lean body mass. What about the accompanying hyperglycemia? Does it have a direct
effect on CF lung function? As a first step in answering these questions, Brennan and
coworkers conducted a study to determine whether blood glucose (BG) elevation resulted
in airway glucose (AG) elevation. A total of 40 patients with CF with a range of blood
glucose levels underwent paired BG and AG measurements to determine the relationship
between the 2 measurements. This team had previously validated the technique of using
nasal secretion glucose levels as a surrogate for airway glucose levels. In a follow-up
study, 10 CF patients with CFRD, 10 CF patients with NGT, and 10 normal control
subjects were assessed for 48 hours at home by CGM, to determine the proportion of
time each day patients with CF spent with blood glucose levels elevated above the airway
glucose threshold. Finally, an in vitro study was conducted at glucose airway threshold
levels to determine the effect of hyperglycemia on bacterial growth.
The authors determined that BG was significantly correlated with nasal glucose
concentrations. Although glucose is not normally detected in airway secretions,
individuals with CF who had BG levels >144 mg/dL had glucose in their nasal secretions
more often and at higher concentrations than did those with BG levels less than this
threshold. The CMG study showed that patients with CFRD spent about half of their time
during the 48-hour monitoring period with glucose levels above this threshold, compared
with 6% of the time in those with NGT CF and 1% in healthy volunteers. Staphylococcus
aureus and Pseudomonas aeruginosa growth increased in vitro when cultured at these
elevated glucose levels.
Concerns over morbidity and mortality in patients with CF have been focused largely on
the catabolic effects of insulin insufficiency. This report shifts the focus to the deleterious
effects of hyperglycemia per se. The authors offer insight into how blood glucose
elevation might impact pulmonary disease in individuals with CF, by pathologically
increasing airway glucose concentrations and creating an environment conducive to
bacterial growth. The investigators speculate on additional mechanisms via which
hyperglycemia might have an effect on CF lung function, including impairment of host
immune function, structural changes in the lung from increased levels of advanced
glycation end products, and upregulation of the inflammatory process. Along these lines,
increased oxidative stress was recently noted to be associated with hyperglycemia in
patients with CF. 1 This study suggests that tight control of blood glucose levels in
individuals with CFRD might be important not just for the well-known benefit of reducing
the risk for microvascular complications, but also to reduce airway compromise. Because
patients with CF die of inflammatory lung disease, this is particularly relevant and
warrants additional study.
References
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UPDATED CFRD PREVALENCE, INCIDENCE, AND
MORTALITY DATA
Moran A, Billings J, Dunitz J, et al. Cystic fibrosis–related diabetes: modern trends in
prevalence, incidence and mortality. Diabetes Care. In press.
The University of Minnesota (UM) CF Center has been conducting OGTT screening since
the 1990s and recording the results in a CF database, along with clinical and other
laboratory data. Previously published prevalence and incidence figures were collected at
a time when routine screening had not been fully implemented. Survival statistics
demonstrating significantly greater mortality in women with CFRD included data going
back to the 1990s. 1 Because screening is now more efficient and the treatment of
diabetes has changed considerably since these earlier reports, a new database review
was performed to gather more recent information and to document trends over time with
respect to prevalence, incidence, and mortality associated with CFRD. Data were
reviewed from 872 patients with CF followed at the UM during 3 consecutive intervals:
1992 to 1997, 1998 to 2002, and 2003 to 2008.
As of September 2008, CFRD was present in 2% of children, 19% of adolescents, and
40% to 50% of adults with CF. Beginning in the teenage years, the incidence was ~3%.
The only time there was a gender difference in incidence and prevalence was in the fourth
decade of life, when there were more females. Diabetes included both CFRD FH- and
CFRD FH+. In younger individuals, CFRD FH- predominated, but the prevalence of
fasting hyperglycemia rose with age, with CFRD FH+ being more common among older
individuals. Lung function and nutritional status did not differ between patients with CFRD
FH- and those with CFRD FH+. From the earliest to the latest interval (1992 to 1997;
2003 to 2008), female mortality decreased by 51%, from 6.9 to 3.2 deaths per 100
patient-years, and male mortality decreased by 42% from 6.5 to 3.8 deaths per 100
patient-years. In the earlier time periods (before screening had become routine), diabetes
was often first diagnosed in the perimorbid period, with about 20% of patients dying
during the same interval as diagnosis. During 2003 to 2008, however, only 3% of subjects
diagnosed in that period died. During this most recent period, while lung function (but not
nutritional status) was still worse in CF patients with diabetes compared with those
without the disorder, the gap had narrowed compared with the previous time intervals and
the gender difference in mortality had completely disappeared. This improvement was
attributed to early detection of diabetes and aggressive management with insulin therapy.
This report provided updated information on CFRD prevalence and incidence, and
because patients with CF are living longer, these observations were extended into older
age-groups. The most important finding was the improvement over the last 5 years in
morbidity and mortality in CFRD patients in general, particularly among women. During
the 1990s, many of the patients who received a new diagnosis of diabetes likely had had
undetected and untreated disease for some time. Many of them were very ill patients who
were more likely than the general CF population to be screened for diabetes because
they were receiving extra medical attention related to severe illness. This resulted in a
high association between CFRD and mortality. Currently, with more efficient routine
screening, diabetes is generally detected early in the disease course. Over the last
several years, treatment of CFRD FH+ has been similar to that of T1D, with basal bolus
insulin therapy by insulin pump or multiple daily injections. Premeal insulin has been
recommended for patients with CFRD FH-. The goal has been to treat patients with as
much insulin as is safely possible, in order to maximize the anabolic effects. This
database review suggests that this aggressive approach to screening and treatment has
had a positive impact on morbidity and mortality in patients with CFRD.
Reference
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RESULTS OF THE CFRDT TRIAL
Moran A, Pekow P, Grover P, et al; the CFRDT Study Group. Insulin therapy to
improve BMI in cystic fibrosis related diabetes without fasting hyperglycemia:
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CFRD occurs both with and without fasting hyperglycemia. In the general population,
these 2 forms of diabetes are not differentiated, because the risks for microvascular and
macrovascular complications are the same. The CF population is different, however, with
CFRD FH+, but not CFRD FH-, associated with microvascular complications in these
patients. 1 Macrovascular complications do not appear to occur in any patients with CF.
This has led to debate over whether those with CFRD FH- require diabetes treatment. At
the time of the 1998 CFRD consensus conference report 10 , this was identified as the
most pressing research question. The CFRDT trial was undertaken in order to determine
whether diabetes treatment would improve clinical status in this population. A 3-arm,
multicenter, placebo-controlled trial was conducted to compare premeal rapid-acting
insulin aspart, the oral insulin secretagogue repaglinide, and oral placebo. The primary
study endpoint was comparison of the change in BMI the year prior to initiating therapy vs
the change in BMI after 1 year of treatment.
A total of 100 patients were enrolled. In all, 81 completed the study, including 61 with
CFRD FH- and 20 with severe IGT (glucose >200 mg/dL mid-OGTT and between 180
and 200 mg/dL at 2 hours). During the year prior to starting study medication, BMI
declined in all groups. After 1 year of premeal insulin, the trajectory of BMI loss reversed
in patients with CFRD FH-. Instead of losing 0.30 BMI units, these patients gained 0.39
BMI units (P=.02). This corresponded to ~2.5 pounds in women and 3 pounds in men
being gained instead of lost. There was no significant change in the rate of BMI loss in
placebo-treated patients (P=.45). The third arm of the study was premeal repaglinide.
Although CFRD FH- patients initially gained weight with this oral agent, the effect was not
sustained, and after 6 months the rate of BMI loss was similar to pretreatment; over the
total 1-year study period, there was no significant improvement in the rate of BMI loss. No
significant changes were observed in response to either treatment in those with severe
IGT, but there was greater variability in this group and more subjects would have been
needed to determine statistical significance.
CFRD FH- can only be diagnosed with an OGTT. During the 1998 consensus conference,
controversy over whether these patients should receive diabetes treatment was the
primary stumbling block to recommending OGTT as the screening test of choice in CF—
why perform a test if it will not influence treatment decisions? Multiple reports have
suggested that insulin therapy might improve nutritional status and/or pulmonary function
in patients with CFRD,2-7 but these generally involved small cohorts with no control
group, which contained mixed populations of CFRD with and without fasting
hyperglycemia. The results of the CFRDT trial demonstrated that a chronic, insidious loss
of weight is present in patients with CFRD FH-, which insulin therapy is able to reverse.
At first, the oral insulin secretagogue repaglinide also resulted in weight gain, but this
effect was short-lived, likely because the reduced beta-cell mass simply could not
maintain this level of stimulated insulin secretion. There was no change in pulmonary
function over the study year, but in previous studies at UM, a 4-year time period was
needed to document significant changes in lung function related to glucose tolerance
status. 8 This study has shown that patients with CFRD FH- should be treated with insulin
therapy. Because the OGTT is the only way to diagnose this form of diabetes, it is now
the screening test of choice in patients with CF. Controversy still exists regarding whether
diabetes therapy should be prescribed for patients with less severe glucose tolerance
abnormalities, such as IGT, 5,9 with additional studies warranted in these populations.
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