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■ Abstract 
Cystic fibrosis (CF), a dysfunction of the exocrine glands, is 
one of the most frequently diagnosed genetic diseases. It is 
characterized by chronic pulmonary disease and pancreatic 
deficiency. Cystic fibrosis-related diabetes (CFRD) is a com-
plication of CF and develops from impaired glucose toler-
ance via postprandial hyperglycemia with fasting normogly-
cemia to full-blown diabetes with fasting and postprandial 
hyperglycemia. CFRD is related to decreased life expectancy, 
most notably in female patients, as well as to decreased pul-
monary function and body weight reduction, which can be 
improved with adequate insulin therapy. Insulin therapy is 
accepted in full-blown diabetes but the treatment required 
by lesser degrees of abnormal glucose metabolism is un-
known and needs to be clarified. Chronic organ complica-
tions of diabetes are seen only in full-blown diabetes with a 

particular tendency to affect the autonomous nervous sys-
tem. Continuous glucose measurement techniques have 
opened new fields of investigation, particularly in relation to 
CF-related complications. Insulin therapy needs to be inten-
sified and insulin pump therapy should receive more atten-
tion. While improvements in therapy, including lung trans-
plantation, have resulted in increased life expectancies, other 
issues, such as fertility problems and pregnancy, have raised 
new questions. All of these need to be addressed to find new 
treatment options for CFRD patients. In this article we aim 
to illustrate how these new questions in the treatment of 
adult patients with CFRD could be answered. 
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Introduction 
 

             ystic fibrosis (CF) is one of the most common 
     inborn errors of metabolism, occurring in one 
       in every 3000 live births in Caucasian popula-

tions but at a much lower frequency in other ethnic 
groups [1]. This means that the incidence of CF is six 
times higher than that of phenylketonuria. In many, 
but certainly not all patients, the lungs are primarily af-
fected. Table 1 shows the many different potential 
clinical manifestations and problems associated with 
CF. Some patients are diagnosed soon after birth while 

in others the diagnosis is made only after the birth of 
an affected sibling or in adulthood. 

The basic defect in CF is an abnormal transmem-
brane product in epithelia, the ‘cystic fibrosis trans-
membrane conductance regulator’ (CFTR) [2]. De-
pending on the gene mutation, the protein does not 
reach the cell surface because of abnormal processing 
or does reach the cell surface but functions abnormally 
[1]. As a consequence, electrolyte and fluid handling is 
abnormal, leading to abnormal epithelial secretions. In 
the lung, there is thickened and sticky mucus associ-
ated with insufficient clearing, setting the stage for re-
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current infections with dire consequences. In the intes-
tine, desiccated secretions can lead to pancreatic, bil-
iary and gall bladder problems. 

There is no clear genotype-phenotype relation. The 
most common mutation is the ∆F508 mutation, but 
approximately one thousand mutations have been de-
scribed. The wide variety of clinical manifestations in 
individuals with this mutation and also within families 
is probably explained by modifier genes (Figure 1). 
These modifier genes can alter clinical expression 
through differences in the other relevant biochemical 
pathways implicated in the pathogenesis of organ 
manifestations of CF. According to this view, there are 
basically no monogenetic disorders, i.e. phenotypic 
manifestations of the disease are influenced by other 
genes and potentially by environmental factors. The 
detection of CF is principally based on clinical symp-
tomatology combined with the demonstration of in-
creased sweat chloride concentration. The treatment of 
CF is only supportive, but improvements in pulmo-
nary, gastro-intestinal and endocrine care, as well as 
better patient participation, have resulted in a dramatic 
improvement of life expectancy, which is now around 
40-50 years [3]. With longer life, new disease-related 
problems became evident, which were considered less 
relevant in the past. 

CFRD is a prime example of such a complication. 
In this paper we discuss the epidemiology and patho-
genesis, clinical manifestations and consequences and 

finally treatment options in connection with 
this complication. Attention will also be given 
to lung transplantations and pregnancy issues. 

Cystic-fibrosis related diabetes melli-
tus 

The biochemical defect present in CF also 
has an effect on the exocrine and endocrine 
pancreas. Patients develop exocrine pancreas 
insufficiency. In a series of patients, this is fol-
lowed by endocrine insufficiency caused by 
destruction of the islets of Langerhans with 
ongoing fibrosis of the pancreas. Before long, 
insulin secretion diminishes and patients de-
velop impaired glucose tolerance and then fi-
nally diabetes. The disease progresses from 
impaired glucose tolerance followed by a 
phase of increasing fasting glucose and finally 
becomes full-blown diabetes. Basically, this 
sequence of events in CFRD corresponds to 
the development of primary diabetes but at a 
slower pace and some authors suggest a classi-
fication based on the sequence. Impaired glu-
cose tolerance is the first phase with normal 
fasting glucose combined with post-glucose 
load or postprandial values ranging form 7.8 
to 11.0 mmol/l. Subsequently, CFRD devel-

ops without fasting hyperglycemia but with post-load 
postprandial values of 11.1 mmol/l or more. Finally, 
full-blown CFRD ensues with fasting hyperglycemia. 

A number of questions arise in relation to the de-
velopment of CFRD. Firstly, what is the clinical rele-
vance of CFRD in these patients? Secondly, what is 
the risk of chronic organ complications in diabetes? 
Thirdly, if diabetes is especially relevant, how do we 
organize early detection and monitoring and, finally, 
what would be the best treatment options? 

Specific consequences of CFRD 

Mortality is an important parameter and a recent 
study by Milla et al. has shown that CFRD reduces life 
expectancy in patients with CF [3]. However, this ef-
fect was only seen in women and not in men. It may 
be the case that such a gender effect was only discov-
ered because the application of modern treatment 
strategies increased life expectancy. Reasons cited for 
this gender difference include a general gender-
associated effect on pulmonary function and conse-

Table 1. Manifestations of cystic fibrosis 
 
 

 Organ 
 

Observations 
 

Lung 
 

Chronic recurrent infections 
Bronchiectasis 
Chronic sinusitis 
Nasal polyps 
Allergic bronchopulmonary aspergillosis 
Pneumothorax 
Respiratory failure 

 

Gastro-intestinal tract 
 

Exocrine pancreas insufficiency 
Biliary cirrhosis 
Cholelithiasis 
Meconium ileus (neonates) 
Distal intestinal obstruction syndrome
(children/adults) 

 

Urogenital tract 
 

   In men 
 

   In women 

 

 
 

Obliterated vas deferens 
 

Abnormal menstrual cycle with chronic
lung disease 
Cervical canal problems caused by thick
mucus 
Fallopian tube problems caused by thick
mucus 

 

Endocrine abnormalities 
 

Secondary diabetes mellitus 
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quently on respiratory function as well as gender-
associated differences in lean body mass [4]. Clearly, 
these results point to the relevance of diabetes in cystic 
fibrosis, especially for women and these data concern 
mortality. The morbidity and psychological burden of 
the disease are further critical issues. 

In CF, diabetes has been linked to an increased de-
terioration in pulmonary function and to problems in 
weight management. In addition, a number of studies 
have investigated the relationship between glycemic 
control and the development of respiratory problems, 
as outlined in the next sections. 

Respiratory function 

The presence of diabetes is particularly associated 
with a lower pulmonary function (FEV1) compared 
with patients without diabetes [5]. Also, retrospective 
studies have shown that pulmonary function declines 
faster in the years preceding diagnosis in patients with 
CFRD compared with those without CFRD, but is re-
stored with insulin treatment [6-9]. It has been ob-
served that hyperglycemia has detrimental effects on 
pulmonary structure and insulin deficiency on respira-
tory muscle strength. An increased susceptibility to in-
fections has been put forward to explain this phe-
nomenon [10]. 

Weight management 
Hyperglycemia-associated loss of 

body weight is a common phenome-
non. In the presence of hyperglycemia, 
it is difficult to redress the catabolic 
state and improve body weight. Insulin 
therapy is necessary to improve body 
weight in such a condition but may take 
months to years [11]. 

Necessity for glycemic control in CFRD 
Considering the high rate of mortal-

ity and morbidity in CFRD, there is a 
clear need for optimal glycemic control 
beginning when the disease is diag-
nosed. However, the target levels for 
glycemic control remain unknown, i.e. 
we do not know if they are different 
from the usual targets for the preven-
tion of chronic organ complications in 
diabetes. It may be the case that even 
more strict targets are needed but data 
elucidating this issue are not yet avail-
able. This question is reminiscent of the 

situation in diabetic pregnancy where lower glucose 
levels compared with normal diabetes are used, since 
pregnancy-related end points (embryonic, fetal and 
maternal) are differentially related to glucose control 
rather than chronic organ complications. The question 
of whether patients with CF, impaired fasting glucose 
(IFG) and impaired glucose tolerance (IGT) should be 
treated with similar intensity, is related to this issue. 

Chronic organ complications in CFRD 

The second question concerns the chronic organ 
complications expected in patients with CFRD. In a 
small group of patients, Andersen et al. recently 
showed that retinopathy occurred in 21% of non-
transplanted patients and micro-albuminuria in 13% 
[12]. Neuropathy was not encountered. A higher 
prevalence of retinopathy, nephropathy, hypertension 
and neuropathy occurred after transplantation, but the 
numbers were very small. Very recently, Schwarzen-
berg et al. found that microvascular complications oc-
cur only with CFRD and fasting hyperglycemia; the 
first signs occurred after 5 years of disease duration 
[13]. In both studies, lung transplantation with its at-
tendant medication distorts this picture and no reliable 
data exist from patients with or without transplanta-
tion divided into separate groups. Most problems seem 
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Figure 1. The pathogenesis of inherited monogenetic diseases. 
The figure shows the relation between the classic monogenetic mu-
tation, modifying genes and other factors. Inborn errors are evoked 
by different genes, polymorphisms and other not yet fully known fac-
tors, which modify the metabolism of cystic fibrosis patients. 
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to occur after transplantation, which may also be 
linked to the application of immunosuppressive agents. 
Although only a limited number of eligible patients 
participated in the Schwarzenberg study (59/192, 
31%), autonomic neuropathy may be a prevalent find-
ing in all forms of CFRD [13]. Macrovascular disease 
has not been reported so far [12, 13]. These early data 
mean that more needs to be learned about the devel-
opment of chronic complications with the emphasis 
on neuropathy and the specific role of transplantation. 

Glucose monitoring 

The third critical issue involves detecting an ab-
normal glucose condition and monitoring. Repeated 
assessment of glucose levels is indicated because diabe-
tes is associated with an increased risk of accelerated 
pulmonary decline and because many patients have si-
lent hyperglycemia. From a practical point of view, an-
nual assessment is a good option. In our clinic we pre-
fer the annual oral glucose tolerance test because we 
want to detect any abnormalities. Patients with full-
blown diabetes are referred to the endocrinology unit. 
Patients with IFG or IGT are referred as well, but ini-
tially they are not treated but closely monitored with 
regular glucose profiles, the emphasis being on the 
postprandial values since they are usually the first to 

increase. Treatment is withheld until full-blown diabe-
tes has developed. 

Continuous glucose monitoring (CGM) has ex-
panded the scope of glucose monitoring, in the field of 
CF also. When we perform CGM in patients with IFG 
of IGT, we generally encounter postprandial hypergly-
cemia. This postprandial hyperglycemia is often related 
to food intake (Figure 2). With the advent of diabetes, 
this picture gradually evolves to postprandial and fast-
ing hyperglycemia. Figure 2 shows data from our 

clinic. During these observa-
tions we often encounter a spe-
cific problem in CF related to 
nutrition. Patients are advised to 
sustain or improve body weight 
through repetitive small meals 
or, if this is not possible, they 
are temporarily given tube feed-
ing. Figure 3 shows an example 
of the effects of repetitive small 
meals and snacks in advanced 
diabetes (without much residual 
beta-cell function). These con-
ditions also illustrate the fact 
that glucose-lowering treatment 
has to be adjusted to the indi-
vidual situation. 

Treatment of CFRD 
The observations from glu-

cose monitoring in CFRD pa-
tients (Figure 4) brings us to the 
fourth issue, that of treatment. 
Nutritional treatment is obvi-
ously the first step and may be 
sufficient in early stages (IFG 

and IGT). The essential nutritional approach aims to 
prevent large episodic carbohydrate intake, especially 
of fluid. This is sometimes difficult since many patients 
favor these liquid energy providers. Before long, severe 
peaks of postprandial glucose appear. They are clini-
cally silent but pathogenetically important for the de-
velopment of organ complications and they reflect an 
increased risk of decline in pulmonary function. These 
observations show that CGM may detect relevant 
peaks that are missed by episodic fingerstick measure-
ments and underscore the importance of adequate 
postprandial measurements. 

When pharmacological treatment is indicated, insu-
lin therapy is the first choice. Sulphonylurea derivatives 
act by increasing insulin secretion, but the progressive 
destruction of the beta-cells shows that these agents 
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Figure 2. Continuous glucose measurements in patients with glucose 
intolerance. Data are collected by continuous glucose sensor. Single small 
meal-related peaks are seen, the apex is below 11.0 mmo/l. 
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have limited value in CFRD, certainly in the longer 
term. Metformin acts by decreasing hepatic glucose 
output and is not a good option in view of the post-
prandial abnormalities. Thiazolidinedione-derivatives 
decrease insulin resistance but insulin resistance plays a 
minor role in the pathogenesis of CFRD. Therefore, 

insulin is the best choice al-
though randomized trials have 
not been performed. On the 
basis of the glucose profiles, we 
can generally start with short-
acting insulin with the meals 
and, if necessary and possible, 
with the snacks in-between as 
well. This latter course means 
that insulin analogues with 
rapid- and short-acting profiles 
are the insulins of choice. With 
fasting hyperglycemia, a long-
acting insulin should be added. 
If very variable glucose profiles 
are observed, continuous sub-
cutaneous insulin infusion with 
an externally-worn insulin 
pump is a good option. There is 
no general reason why this 
method can not be used in 
CFRD or why it should have 
worse results than those ob-
tained in patients with other 
forms of diabetes. 

As mentioned before, there 
are no data available on specific 
target levels for plasma glucose 
values in CFRD. The intuitive 
preference is for glucose pro-
files to be as normal as possible 
with fasting levels below 5.5 
mmol/l and postprandial levels 
below 7.8 mmol/l. Attempts to 
achieve optimal control are lim-
ited by hypoglycemia, which is 
an ever-present danger during 
glucose-lowering therapy and 
also in CFRD. Because HbA1c 
levels are a rough parameter 
that does not always reflect glu-
cose variabilities and the num-
ber of hyperglycemic peaks, 
fingerstick glucose measure-
ments are equally important. In 
selected cases, CGM may help. 

In summary, poor glucose control is associated 
with an increased rate of pulmonary function loss and 
weight loss and it seems reasonable to suggest that op-
timal control will be beneficial to both. Insulin is the 
therapy of choice in patients with full-blown diabetes 
and intensive therapy is required, together with nutri- 
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Figure 3. Continuous glucose measurements in patients with early CFRD. 
Data are collected by continuous glucose sensor. In both patients (A and B) 
peaks are mealtime-related, snack-related or related to additional ingestion. 
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tional support. In patients with IFG or IGT, nutri-
tional support is indicated. There is no data on the 
beneficial effect of pharmacological treatment. 

CFRD and pregnancy 
With the prolongation of life expectancy, the issue 

of pregnancy appears to be more critical. Most men 
with CF are infertile because of the absence or oblit-
eration of the vas deferens. Women have a reduced 
fertility caused by changes in the cervical mucus, 
slowed transport of the oocyte through the Fallopian 
tubes or blockage of these tubes. Besides these specific 
reasons, other general factors can also play a role in 
pregnancy with CFRD. 

When a woman with CF does not become pregnant 
with a normal fertile partner, assisted conception is the 
next step. However, it is advisable to test the male 
partner before starting assisted conception to ensure 
that male infertility or subfertility does not undermine 
preparations for what is, at best, a low chance of preg-
nancy success. If the male partner is fertile, artificial 
insemination or in vitro fertilization can be considered. 
Of course, a thorough examination of the woman’s 
overall physical condition should be carried out and 
pulmonary reserve is a very important factor in assess-
ing whether pregnancy is a reasonable option. 

If assisted conception is scheduled, then potential 
teratogenic medication should be stopped. The diabe-
tes associated with CF imposes an additional problem. 
Meticulous glycemic control is mandatory, as it is in 
women with type 1 or type 2 preconceptional diabetes 
[14-18]. In the case of reduced life expectancy and as-
sisted conception in particular, the future of the child 
should be discussed if the mother should become se-
verely handicapped or die. It is important to clarify 
who takes care of the child and whether there is poten-
tially sufficient family and peer support. In selected 
cases, non-commercial oocyte donation can be an op-
tion even though the associated difficulties and ethical 
issues must be considered. Certainly, these topics will 
be the focus of more attention in the coming years. 

Lung transplantation 
When, despite all efforts to improve pulmonary 

function, respiratory failure occurs, lung transplanta-
tion is the only option left. The prognosis with single 
or double lung transplantation is quite good in patients 
with CF and life expectancy of graft and patient is 
steadily increasing. Normally, transplanted patients 
start a second life and are over the moon. However, 
they have to take life-long immunosuppressive agents 
with their associated toxicities. In this scenario, predni-
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Figure 4. Continuous glucose measurements in full-
blown CFRD. Glycemic peaks in all three pateints (A, B 
and C) are meal-time-related, snack-related or related to 
additional nutritional compounds. The peaks are higher and 
variability is higher than in early CFRD. 
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sone, as an anti-inflammatory agent, is associated with 
an increase in insulin resistance. The calcineurin inhibi-
tor tacrolimus is particularly associated with post-
transplant diabetes mellitus induced by interfering 
beta-cell function. This means that some patients with 
CF develop diabetes after transplantation as a conse-
quence of tacrolimus medication and not because of 
CF. Of course, both factors may contribute to the de-
velopment of diabetes in these patients. 

The long term risks of lung transplantation in non-
CF recipients also threaten CF-recipients, such as acute 
or chronic rejection and bronchiolitis obliterans. After 
a successful lung transplant, questions about pregnancy 
may start to arise. Pregnancy is complicated by con-
cerns about the effect of pregnancy on respiratory 
function, the teratogenic effects of certain immuno-
suppressive agents, the negative effects on immune 
status of changing immunosuppressive agents, other 
medications and the above-mentioned ethical issues. 

Summing up 

Diabetes is a major complication in patients with 
CF, probably related to an increased loss of pulmonary 
function, problems in maintaining weight and, in fe-
male patients in particular, increased mortality. Regular 
testing is mandatory as is the prompt treatment of any 
diabetes detected. If diabetes develops in CF patients, 
intensive insulin therapy is required, including insulin 
pump therapy. Therapy of milder glucose abnormali-
ties (IFG, IGT), besides nutritional intervention, is yet 
of unknown benefit. Pregnancy is an option in specific 
circumstances, as mentioned above, but diabetes has to 
be strictly regulated, teratogenic medication stopped 
and pulmonary function maintained. This is true a forti-
ori in the case of lung transplantation. To improve the 
health of CFRD patients, further research efforts are 
needed, especially in the field of early glucose abnor-
malities, pregnancy issues and transplantation. 
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